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ABSTRACT

Background: UV radiation, with shorter wavelengths than visible light, plays a pivotal role in stimulating growth processes and
boosting the synthesis of beneficial compounds in plants. Moreover, it triggers morphological changes and genetic responses,
shaping plants’ physical traits and adaptability. Nevertheless, a nuanced understanding is necessary as excessive UV exposure
can also cause harm, underscoring the complexity of the relationship between UV radiation and plants. The study aimed to evaluate
the effect of ultraviolet C (UVC) light exposure on the germination and growth of forage maize seeds under controlled conditions in
an indoor crop. One sample of seeds was exposed to UVC light, while the other was not.

Methods: The experiment was carried out for 14 days, with the plants subjected to mixed blue-red light, fertigation and kept at a
maximum external temperature of 30°C and maximum internal temperature of 25.1°C. UVC light is applied for 10 minutes to the seeds
before germination.

Result: The results showed that the plants exposed to UVC light had an average growth increase of 3cm compared to those that
did not receive the treatment. However, the protein content of both sets of seedlings was similar. The study suggests that further
research is necessary to determine the optimal duration and distance for UVC exposure to minimize any potential negative effects
on the plants. It also highlights the need to investigate the effect of UVC radiation on the nutritional content of hydroponic crops to
ensure that the increased growth does not come at the expense of nutritional quality. The experiment was carried out in Medellin,
Colombia, with a maximum solar radiation of 1000 W/m? and an altitude of 1500 meters. Overall, the study provides evidence that UVC
radiation can enhance the growth of hydroponic maize seedlings, but more research is needed to fully understand its effects. At the
end, there is an improvement in the growth of forage corn in seeds that have been subjected to UVC light compared to those that

have not. It is worth highlighting the need for more research on changes in nutritional components in general.
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INTRODUCTION
Green and dry forage yields decrease with increasing
sowing density (Kumar et al., 2016) and methods are
required to improve performance. In general, forage crops
are a good way to take advantage of precipitation when it
occurs and accommodate drought conditions, while high
value or quality driven crops are not good choices for limited
irrigation (Reddy et al., 2018) and particularly, although it
has been indicated that the Hydroponic Green Fodder (HGF)
should be used as a supplement and not as a total substitute
for conventional forages, it can become an ideal forage to
increase the nutritional condition of livestock, especially in
arid and semi-arid areas where food scarcity for livestock is
common. In addition, the incorporation of some components,
such as marine yeasts to decrease the proliferation of
pathogenic fungi or marine algae as a substrate to decrease
seed maize production using HGF for three types of planting
densities and the percentage of crude protein (CP) obtained
can be appreciated (Table 1) (Lépez-Aguilar et al., 2009).
It can be observed that the researchers achieved a
considerable yield considering the planting density, but the
CP seems not to have been modified according to the levels
of measurement error deviation.

In the future, the goal is to standardize the methods,
additives and results of hydroponic forage production
technology for small farmers. To ensure consumer
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confidence, hydroponic food must be as safe and healthy
as conventional alternatives (Ghorbel, 2022). Hydroponic
forage, for example, is nutritious, palatable and digestible
and can be grown in low-cost devices with locally available
materials and home-grown grains. Against the obstacle of
climate change, hydroponic forage production is an effective
alternative technology for sustainable livestock production
(Indira et al., 2020; Afzalinia et al., 2020). Regardless of the
type of plant, crops require different types of treatment,
including fertilization, irrigation and lighting.

LED light irradiation can improve the nutritional levels
of vegetables and the phytochemical contents of plant
species. Additionally, irradiation with combinations of LEDs
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Table 1: Yield of production and obtained CP (crude protein).

Planting density (kg/m?)  Performance (kg FVH/m?) % PC

1.5 12.95+0.75 14.5+0.5
2 18.75+1.05 15.2+0.6
25 21.20+0.95 15.8+0.9

in different proportions and the combination of LEDs with
normal light sources (FL) can improve the phytochemical
content, biomass and nutritional quality of vegetables and
medicinal plants (Jung et al., 2021).

A lot of research has been conducted on the effects of
ultraviolet radiation on plants and plant tissues. UV light
has been found to be effective on plant growth, product
quality and photomorphogenesis (Maria et al., 2014).

In terms of UV light, it has generally been documented
that UV-B radiation reduces the content of chlorophylls
because photons of this type of light are more energetic
than those of visible light, so they are capable of breaking
chemical bonds of proteins. However, the increase in
chlorophylls found may be due to the increase in the
production of secondary metabolites that allow the
penetration of UV-B radiation to decrease and protect
proteins associated with the photosynthetic apparatus,
avoiding degradation of their pigments and even increasing
their synthesis (Maria et al., 2014). When examining the
percentage change observed between the values of the
variables in a standard germination test and an accelerated
aging test that induced stress conditions with high
temperature and humidity, which increased the
physiological deterioration of the seed, a positive effect of
UV-C radiation was found on the vigor and germination
variables for sunflower and soybean seeds (Loconsole
and Santamaria, 2021).

Research analyzed by Pefaranda et al. (2020) shows
that UVA promotes biomass formation, leaf generation
and elongation, increased leaf area and tissue growth
but does not increase flavonoid concentration. On the
other hand, low concentrations of UVB promote flavonoid
concentration, chlorophyll concentration and tissue growth
but reduce vegetative growth. Other advantages found by
Mditshwali (2017) using UV-C radiation include its

beneficial impact on physicochemical quality. UV treatment
reduces the loss of firmness and color development in
tomatoes during storage and handling, which is highly
desirable. UV radiation also reduces vitamin loss. Short-
term exposure to UV-B radiation induced intra-specific
defense responses in common buckwheat seedlings,
manifested by various changes in flavone and flavonol
concentrations (Debski et al., 2016).

In general, the exposure time and power of UV light
vary depending on the type of UV light, plant species and
exposure objective. Prolonged and/or intense exposure to
UV light can be harmful to plant growth and health, while
brief and/or moderate exposure can be benéficial.

In terms of nutrition, exposing mushrooms to ultraviolet
light during growth leads to measurable increases in
vitamin D2 content and as a result, mushrooms can provide
appreciable amounts of vitamin D2 in the diet. Irradiating
mushrooms with UV-A and UV-C light during growth leads
to an increase in vitamin D2 concentration, with UV-C
registering a higher concentration than UV-A Edward (2015).
It is a necessity for the future to explore and develop the
possibility of improving the technology of producing more
nutritious forage (Kokani et al., 2023).

A method for producing hydroponic green forage is
proposed that allows for studying the behavior of forage
maize germination subjected to short periods of UV-C
radiation near 254 nm and analyzing the behavior of the
sprouts and the amount of protein achieved compared to
forage produced from seeds not treated with UV-C light.

MATERIALS AND METHODS

A sample of forage maize seeds was exposed to ultraviolet
C (UVC) light using a 254 nm central frequency lamp of
10W at a distance of 30 cm for 5 minutes, while another
sample was left without UVC exposure. A sowing was
carried out in a 40x60 cm tray equivalent to 1 kilogram of
maize seeds, as shown in Fig 1.

The system was illuminated for 14 days with a mixed
blue-red light commonly used in indoor crops. Irrigation
and/or fertigation were carried out by nebulization, as
shown in Fig 2, with a concentration of 1400 parts per million
and a pH of approximately 6.1.

Fig 1: Growth chamber.
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Fig 2: Irrigation by nebulization.
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Fig 3: Internal temperatures reached with maximum external
solar radiation.

Irrigation was done in 20-second intervals every
2 hours. The crop was protected and kept at a maximum
external temperature of 30 degrees Celsius and with a
maximum internal temperature of 25.1 degrees Celsius,
as shown in Fig 3.

A 500-liter tank was used for irrigation supply, with a
1/2 HP pump, an inverter of 1000 watts and a charge
regulator for an approximately 180-watt panel (Fig 4).
The system was implemented in an area with a maximum
solar radiation of 1000 W/m? and an altitude of 1500 meters
in the city of Medellin, Colombia.

The objective of this study was to evaluate the effect of
exposure to UVC light on the germination of forage maize
seeds and their subsequent growth under controlled
conditions in an indoor crop.

To carry out the experiment, a sample of forage maize
seeds was divided into two groups: One exposed to UVC
light and the other without exposure to such light. UVC
exposure was carried out with a 254 nm central frequency
lamp of 10 W at a distance of 30 cm from the seeds for
5 minutes. Fig 5a shows the sowing procedure in a
2400 cm? tray equivalent to 1 kilogram of maize seeds with
and without UVC.

RESULTS AND DISCUSSION

Each experiment was run with the two types of grain after
subjecting them to UVC light, they were kept close under
the same type of artificial RGB light and the same average
value of fertigation by nebulization, at 6 days for one of the
experiments it can be appreciate the difference in growth
of both treatments (Fig 5b), compared to the first day
(Fig 5a).

In this experiment, hydroponic maize seedlings were
exposed to UVC light from a 10-watt lamp positioned 50
cm away for a duration of 10 minutes. The results showed
that the plants subjected to UVC light exhibited an average
growth increase of 3 cm compared to those that did not
receive the treatment. The experiment was carried out for
14 days and at the end of the period, the plants that received

Fig 4: Control chart and location of the fodder production system.
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(b)

Fig 5: Experiment one on day one (a) and day six (b).
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Fig 6: Comparison of each treatment with UVC ultraviolet light
and without N_UVC ultraviolet light.
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Fig 7: Statistical values of height and crude protein for both
tests.

the UVC treatment had an average height of 28 cm, while
those that did not have the treatment had an average height
of 25 cm. This experiment was replicated three times and
in all cases, the plants were subjected to mixed blue and
red light and irrigated with fertigation of a concentration
of 1400 ppm and pH levels between 5.9 and 6.4. The growth
trend is illustrated in Fig 6. Each test corresponds to a run
of experiment with the same type of grain.

Despite the significant growth differences observed
between the plants that received the UVC treatment and
those that did not, the results of the experiment revealed
that the protein content of both sets of seedlings was similar.
Both groups of plants had on average crude protein
levels of 18.6 [g/100 g] and 18 [g/100 g] with UVC and
without UVC respectively (Fig 7 right). as well as 27.5 [cm]
and 24.3 [cm] for the t fodder maize height (Fig 7 left).
The values of the hypothesis analysis obtained for both height
and protein content for forage maize are defined below:

Results of the t-Test: Height of Fodder Maize: t-Value:
4.699 and p-Value: 0.0093

Protein content: t-Value: 2.083 p-Value: 0.1057

For height, a p-value<0.05 indicates a significant difference.
For protein content, a p-value>0.05 indicates no significant
difference.

It is worth noting that UVC radiation is known to be
harmful to living organisms due to its ability to break down
the DNA of cells, which can result in cell death or mutations.
However, in this experiment, the exposure time was
relatively short and the distance between the lamp and the
seedlings was significant, which may explain why the
plants were able to tolerate the UVC radiation without
experiencing any negative effects on their protein content.

Although the use of UVC light in the germination of
hydroponic green fodder can inhibition of germination,
because UVC light can damage DNA and other cellular
structures in seeds, in this study in which the seed was
subjected to UVC light for a short time, it germinated in
the same proportion as the seeds that were not
subjected to UVC light. It is important to carry out other
investigations that lead to analyzing whether the plant in
forage presents a reduction in other types of nutrients
not analyzed in this research.

CONCLUSION

In conclusion, this experiment provides evidence that UVC
radiation can enhance the growth of hydroponic maize
seedlings. However, further research is necessary to
determine the optimal duration and distance for UVC
exposure to minimize any potential negative effects on the
plants. Additionally, the effect of UVC radiation on the

Volume 58 Special Issue (November 2024)

1051



Evaluating the Impact of UVC Exposure on Forage Maize Seeds under Hydroponic Condition

nutritional content of hydroponic crops should be more
investigated to ensure that the increased growth does not
come at the expense of nutritional quality.

Although the plants subjected to UVC light had lower
growth, it can be found that on average the crude protein
content is similar.
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