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ABSTRACT: In this experiment, the effect of Ultraviolet C (UVC) radiation on germinating seeds and plants of Vigna radiata 
(mung beans) were assessed. The control groups were not exposed to UVC radiation. The experimental groups were continuously 
exposed to various doses of UVC radiation. A commercially available UVC lamp was used as source of UVC radiation. A UVC 
meter was used to measure amounts of UVC radiation in µW/cm2. Physical traits, such as height and color, were used to determine 
effects on the plants. In this experiment, continuous exposure of UVC had lethal effects on mung bean emerging seedlings. Mung 
bean plants were susceptible to lethal effects of UVC rays at various doses used in a dose dependent manner.
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� Introduction
Ultraviolet rays are electromagnetic rays with wavelength 

ranging from 100 to 400 nm. Depending on the wavelength, 
they are categorized as UVA, UVB, and UVC rays. UVC rays 
are the shortest of the ultraviolet rays with the wavelength 
ranging from 100 to 280 nm.¹ Normal visible light ranges from 
380 to 700 nm. Hence UVC rays are not visible. 

Light is essential for normal growth and the development 
of plants. Artificial lights can be used to grow plants indoors. 
Plants use photosynthesis to produce carbohydrates from car-
bon dioxide and water.² A simple equation for photosynthesis 
as noted below shows the importance of light energy or pho-
tons for photosynthesis. The chemical equation noted below 
indicates the formation of glucose, a simple carbohydrate by 
photosynthesis.³   

6CO2 + 12H2O + photons (light energy) → C₆H₁2O₆ + 6O₂ 
+ 6H₂O

Shorter wavelength electromagnetic rays have higher photon
energy compared to longer wavelength rays. Therefore, ultravi-
olet rays have higher energy than visible light, and UVC rays 
have more energy than UVB or UVA rays.⁴

UVC from sunlight does not reach the earth’s surface as it 
is completely absorbed by the atmosphere.⁵ Hence plants are 
not naturally exposed to UVC rays. Due to DNA damaging 
effects, UVC rays are used as germicidal agents. While plants 
have evolved to survive DNA damaging effects of Sun’s UVA 
and UVB rays, it is not well known if plants’ DNA repair 
mechanisms are efficient against UVC and if photosynthetic 
mechanisms can be more efficient with higher energy UVC 
rays.

In this experiment, the continuous exposure of UVC radia-
tion on the growth and development of Vigna radiata (mung 
beans) germinating seeds and plants was assessed. These seeds 
were chosen because of their consistent and continuous avail-
ability.

� Methods
Whole Mung bean seeds were bought from grocery stores. 

The variety used was green mung beans (also called green 
gram). These are available in any grocery stores (Walmart, 
Wholefoods etc.). They are usually present in the international 
food aisle in the Indian/Asian food section. Seeds were hand-
picked to ensure uniformity in size by visual inspection. The 
seeds were rinsed in tap water and then soaked in tap water for 
24 hours. Water was changed once at 12 hours. Protective long 
gloves, eyewear and gowns were used as needed for protection 
from UVC radiation exposure.

A commercially available UVC bulb was used (UVC Germi-
cidal Bulb UV-C Light, 253.7nm Wavelength, 36 Watt). The 
amount of UVC exposure was measured using a commercially 
available UVC meter (RCYAGO RGM-UVC Meter, Preci-
sion: 1µW/cm², Range: 0-1999 µW/cm² UVC Peak Spectral 
Response: 254 nm, Figure 1). Throughout the experiment, the 
seeds/plants were continuously exposed to UVC. The UVC 
bulb was placed perpendicularly above the seeds/plants. The 
amount of UVC dosage was changed by adjusting the dis-
tance between the UVC bulb and the plants. The amount of 
UVA+UVB exposure was negligible (about 10 µW/cm²).

To study the effects on Germination:
Seeds were placed in two equal sized bowls at room tem-

perature with several layers of kitchen paper towels at the 
bottom of the bowl. The seeds were not covered. The paper 
towels at the bottom helped retain water and moisture. One 
group was continuously exposed to high doses of UVC of 
about 223 µW/cm². The other group was kept under normal 
room light. The amount of UVA+UVB was minimal at about 
28 µW/cm² (Figure 1). A small amount of water was sprayed 
on the seed's surface about two times daily. Seeds were mon-
itored until seed germination was complete in the control 
group (about 8 to 9 days).
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To study the effects on plant growth and development:
Seeds were prepared as described in the previous experiment. 

In addition, seeds were gently covered with a wet kitchen towel 
until they were about ½ an inch tall. A small amount of water 
was sprayed about two times daily. Seeds continued to grow in 
the bowl until they were about 3 inches tall, and the first two 
leaves (cotyledons) were formed. 

Groups of six plants were handpicked with matching height 
and growth. Plants were then planted equally spaced in small 
equal sized pots containing commercially available potting 
mixture (Miracle Gro Potting Mix). These small pots contain-
ing matching plants were then randomly assigned to various 
groups and exposed to different amounts of UVC radiation 
(Table 1). 

One group of plants was exposed to a low dose of UVC 
while housed inside a 12 cubic inches glass chamber (an old 
glass aquarium) to assess the protective effects of glass from 
UVC. 

The plants were watered once daily to maintain a similar 
degree of soil moisture. Photos were taken periodically.

To study the effects of ultra-low dose UVC and supplemental 
growth light:

This experiment was designed to assess the effects of ul-
tra-low dose UVC with a supplemental ‘grow light’ in a more 
controlled environmental condition. 

In this experiment, seeds and plants were prepared like the 
previously explained experiments. In addition, plants were 
stabilized in the pots for 2 days prior to exposing to UVC. 
Both the control and the experimental groups were housed 
inside cardboard boxes with similar ventilation and minimal 
ambient light exposure. Both groups were exposed to the 
commercially available ‘grow light’ placed inside the box. The 
temperature inside the box was room temperature.  

The experimental group received continuous exposure of 
ultra-low dose of UVC (UVC meter fluctuating between 0 
and 1 µW/cm²). The experimental group also received an ad-
ditional dose of “grow light” using second “grow light” bulb.  

The plants were watered as described in the previous exper-
iment and were monitored for about 7 weeks with periodic 
photos taken.
� Results and Discussion
In the experiment on effect of high dose UVC on germina-

tion, seeds were found to have started germinating on the 3rd 
– 4th day after the start of soaking. UVC inhibited and even-
tually killed all of the emerging seedlings (Figure 2). Seeds
were observed for about 10 days.

In the experiment on the effects of various doses of UVC 
on plant growth and development, UVC showed dose depen-
dent inhibition of plant growth and development (Table 

1, Figures 3 and 4). The group of plants grown inside a glass 
chamber were protected from the damaging effects of UVC.

Figure 1: Amount of UVC and UVA+UVB exposure for seed germination. 

Figure 2: The effect of high dose UVC on emerging seedlings. High dose 
UVC was lethal to emerging seedlings (picture on the right). 

Table 1: Groups of plants, amount of continuous UV-C radiation exposure 
and key observations. 

Figure 3: Effects of various doses of UV-C radiation on groups of plants at 
different time intervals. See Table 1 for observations. 
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�   Discussion
Plants in nature are exposed to many DNA damaging parts 

of sun rays particularly UVB and infrared rays. Plants utilize 
multiple mechanisms to cope and survive through these nat-
ural DNA damaging rays. Since UVC rays do not reach earth 
surface naturally, plants have not evolved to utilize UVC ra-
diation.⁶   

Electromagnetic rays have various effects on plant growth 
depending on the wavelength and the plant species. For exam-
ple, higher energy blue light has been shown to lead to shorter 
and thicker leaves.⁷ In our experiment, plants grown inside 
glass chamber with less natural light grew taller, thinner with 
smaller leaves compared to control group. 

Among UVC exposed groups, since continuous exposure of 
even an exceedingly small dose of UVC rays had detrimental 
effects, the DNA repair mechanisms appear not to adequately 
survive through continuous UVC exposure. Providing an ad-
ditional “grow light” was not protective. 

This experiment, however, does not answer if intermittent 
exposure will have any beneficial effects. The effects may be 
different if UVC exposure occurs at a later phase of their de-
velopment. The effects on other plant species may differ as well. 

If genetically modified plants can be developed which can 
safely utilize these high energy rays, they may augment food 
production. Such plants may likely be smaller in size since they 
can utilize higher energy and may be helpful particularly in en-
ergy rich and space constrained situations such as space travel.
�   Conclusion
Continuous exposure to UVC rays was lethal to germinating 

seeds as well as to the growth and development of mung beans 
in a dose dependent manner. Providing excess natural light did 
not protect them from the lethal effects of continuous expo-
sure to UVC.

Figure 4: Effects of ultra-low dose UVC and supplemental growth light. 
See Table 1 for observations. 
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