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UV LED Technology for 
Emerging Applications  
in Agriculture
The Ultraviolet (UV) LED market has expanded five-fold in the past decade and is projected to grow to 
over $1 billion by 2025. A key trend expected to influence the market is the ability to expand into new 
applications, including agriculture. UV light, at proper frequency and dose, can increase the production 
of active substances in medicinal and traditional plants and it can also help maintain a healthy growing 
environment. But to fully take advantage of UV LEDs, some major re-design considerations are required. 
Terrance Berland, CEO of the Violet Defense Group, the parent company of Violet Gro, will explain 
which considerations these are; for instance, why it is crucial to incorporate the appropriate lens material.

With the explosion occurring  
in indoor and urban farming,  
not only are the energy savings 
of LEDs appealing, but the 
advancements made in UV 
LEDs are making it possible to 
bring the additional benefits of 
ultraviolet light, particularly 
UV-A and UV-B, to indoor 
agriculture. UV light has been 
shown to drive increases in the 
plant production of active 
substances in medicinal plants, 
including antioxidant benefits of 
numerous plants or THC levels 

in cannabis. UV light can also 
help maintain a healthy growing 
environment by reducing mold, 
mildew, and certain plant pests -  
all of which need alternatives to 
chemicals due to increasing 
fungicidal resistance.  
While many of the leading 
fixtures used in indoor 
agriculture produce some level 
of UV spectrum (however small), 
their outer lens materials block 
most, if not all, of that UV light 
from actually reaching the 
plants. As the price of UV LEDs 

continues to decline, the ability 
to cost effectively incorporate 
targeted UV into the growing 
process with the right 
wavelengths, the right dosage, 
and at the right time in the life 
cycle of specific plant species 
will improve. However, UV LEDs 
will still need to be combined 
with the appropriate lens that 
enables transmission of the UV 
light without risking degradation 
or destruction of the lens and/or 
the LED itself. 

TECHNOLOGIES

Figure 1: 
UV and visible light 
spectrum with UV 
classifications
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Introduction

History & wavelengths
Ultraviolet (UV) light is a key part of 
the electromagnetic spectrum with 
wavelengths ranging from 10 nm to 
400 nm. This portion of the 
spectrum lies outside of the visible 
range for the human eye, though 
some portions of UV light are 
perceivable by insects and birds [1]. 
Much of the UV spectrum, including 
all the Extreme Ultraviolet (10-100 
nm) and most of the spectrum 
below 280 nm is absorbed by the 
atmosphere. However, it’s still 
important to understand the benefits 
of each part of the UV spectrum 
given our ability to artificially 
produce these wavelengths.

UV spectra classifications,  
their use and benefits:
• UV-C (200-280 nm): Almost 

completely absorbed by Earth’s 
atmosphere, UV-C is commonly 
used for its germicidal effects

• UV-B (280-320 nm): 
Approximately 95% of UV-B is 
absorbed by the Earth’s 
atmosphere and is frequently 
known for its association with 
increased risk of skin cancer, 
however, it has also been shown 
to have antimicrobial effects 
including dealing with agricultural 
infections and pests, such as 
powdery mildew or spider mites; 
as well as triggering plant 
responses that increase 
flavonoids and cannabinoids 

• UV-A (320-400 nm): Often 
referred to as “black light,” UV-A 
light has the longest wavelength in 
the UV spectrum and is 
considered the least harmful; it is 
most known for applications in UV 
curing, counterfeit detection, and 
forensics, but also has 
applications for agriculture given 
its ability to trigger desired plant 
responses as well 

Recent advancements
Much of the UV lighting industry has 
been dominated by sources other 
than LEDs, particularly mercury 
bulbs. However, UV LEDs have 

made significant progress in recent 
years, not only due to advances in 
the manufacturing of solid state UV 
devices, but also as a result of 
increased pressure to find more 
environmentally-friendly and energy- 
friendly options of producing UV light. 

However, LEDs have only recently 
been able to meaningfully 
accommodate all the UV ranges. 
LEDs transmitting UV light in the 
upper portion of UV-A (390-420 nm) 
range have been available since the 
late 1990s, typically being used for 
counterfeit detection or validation of 
driver’s licenses or documents, as 
well as in forensics [2]. In fact,  
a large portion of the UV LED market 
is dominated by industrial and 
commercial applications for curing, 
such as inks, coatings or adhesives, 
typically done by UV-A light in the 
wavelength of 350-390 nm [3]. 

As you proceed into the shorter 
wavelengths of UV-B and UV-C, 
applications turn to disinfection  
for food, air, water, and surfaces. 
These are some of the newest 
wavelengths to be available in LEDs 
(the first commercial UV-C LED-
based water disinfection system 
was introduced in 2012 [4]), although 
UV light has a long, well-established 
history of germicidal effects.  
Not only are the energy savings of 
LEDs appealing to many industries, 
such as water purification, but their 
extremely small sizes make them  
a very flexible option, including  
the ability to create portable 
disinfection systems. 

Given these advancements, the UV 
LED market has expanded five-fold 
in the past decade and is expected 
to grow to $1.3 billion by 2025.  
A key trend expected to influence 
the market is the ability to further 
expand into new applications, 
including solar products, food and 
beverage industry, and agriculture [5]. 
However, additional advancements 
are still needed, particularly as it 
relates to the lens component of 
these products, to ensure that the 
technology can achieve desired 
outcomes for each industry in a 
cost-effective manner. 

Benefits of UV to 
Horticulture 
With the explosion occurring in 
indoor and urban farming, there has 
been an increasing desire to continue 
to refine the growing process in a 
cost-effective manner that will still 
yield positive results for the targeted 
plants. Much of the existing research 
on the use of LEDs in agriculture 
has focused on the wavelengths of 
visible light and the spectrum that 
plants need for various processes. 
During extensive research, “NASA 
determined that LED lights are the 
best single source lights for growing 
plants on Earth as well as in space 
[6].” In fact, there have been many 
studies conducted to identify the 
relationship between various 
wavelengths and their impact on 
plant growth. This information will 
allow for the further development of 
customized spectrum lighting that 
produces greater results for the 
plant at lower energy costs.  
For example, the red-light spectrum 
(630-660 nm) has been determined 
to be essential for stem growth and 
expansion of leaves. It is also the 
wavelength that regulates flowering 
and dormancy periods.

While early LEDs left most plants 
(and growers) wanting more,  
the latest state-of-the-art LEDs 
provide more viable options for 
indoor growing that will yield 
substantial cost savings (if paired 
with the right lens material), 
especially compared to traditional 
lighting options such as High 
Pressure Sodium (HPS). 

Now, further advancements in UV 
LEDs are making it possible to bring 
the additional benefits of ultraviolet 
light, particularly UV-A and UV-B,  
to the indoor grow process in a very 
targeted way. Researchers found 
that in the absence of UV light, 
certain plant breeds may “develop 
callus-like intumescence growth  
on leaves and shoot tissues [7].” 
Ordinary glass, for example,  
blocks over 90% of UV-B radiation [8], 
therefore, plants grown in greenhouses 
or other similar environments, 
without supplemental lighting may 
experience adverse effects. 

TECHNOLOGIES
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UV light has also been shown  
to drive increases in the plant 
production of active substances  
in medicinal plants, including 
antioxidant benefits of numerous 
plants or THC levels in cannabis. 
Plants have chemical processes 
which enable them to identify  
the different wavelengths of light 
that trigger certain responses,  
including reactions to UV light  
that can alter plant shape and 
change chemical make-up [9].  
This area of photonics, however,  
still needs a lot more research focus 
to truly understand all of the 
impacts, including the best methods 
for deployment. 

One of the most common ways 
plants respond to UV light is the 
synthesis and accumulation of  
UV absorbing compounds.  
These compounds, including 
phenolic substances, act like a  
form of sunscreen for the plants to 
prevent damage that excessive 
exposure to UV light can cause. 
However, the benefits of phenolic 
compounds not only help protect 
the plants but have been shown  
to have significant human health 

benefits too, including antioxidant 
benefits and prevention of various 
chronic diseases, including certain 
cancers and cardiovascular 
diseases. Resveratrol, found in 
grapes and red wine, has been 
studied for its health effects on  
the heart, immune system,  
and even brain functions [10].  
A study of rosemary demonstrated 
that its total phenolics approximately 
doubled when grown using UV-B 
radiation. Similar results were found 
for increased production of essential 
oils for Mentha spicata (spearmint) [11]. 

Another plant species known for  
its increase in production of 
medicinal compounds under UV 
radiation is Cannabis sativa. 
Research has found that higher 
levels of cannabinoids are found 
from plants at the lowest equatorial 
latitudes and higher altitudes  
(32% greater at 3350 m than  
1500 m). The association was  
made that these areas of the world 
had higher levels of UV-B. 
Subsequent studies have shown 
that exposing plants to UV-B can 
cause ∆9-tetrahydrocannabinol 
(∆9-THC) levels, which have 

extensive medicinal benefits,  
to increase by up to 48% in leaf 
tissues and 32% in flower tissues [12]. 

UV light can also help maintain a 
healthy growing environment by 
reducing mold, mildew, and certain 
plant pests - all of which need 
alternatives to chemicals due to 
increasing fungicidal resistance.  
The UV-absorbing compounds 
produced by plants to protect them 
from receiving too much UV radiation 
can also aid in defending plants 
against infection, injury, and certain 
plant pests. It’s as if these compounds 
change the “attractiveness” of the 
plants to these pests.

One major threat to indoor growers 
is powdery mildew. However,  
UV light has been demonstrated to 
significantly reduce mildew in plants 
ranging from grapes, rose plants, 
cucumber, rosemary and 
strawberries. Researchers have 
successfully reduced the severity of 
powdery mildew by 90-99% using 
proper doses of UV-B [13]. 

UV-B light has also been proven 
effective at reducing survivorship 

Figure 2: 
UV light can enhance 
the amount of active 
substances in 
medicinal plants, such 
as antioxidant benefits 
of rosemary or THC 
levels in cannabis

UV LEDS FOR HORTICULTURE
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and production of eggs of spider 
mites, pests that have been known 
to destroy entire crops. In a study  
by Ohtsuka and Osakabe, less than 
6% of larvae exposed to UV-B 
doses survived by the second day, 
and all larvae died by the 3rd day of 
their experiment [14].

A third major threat is Botrytis 
cinerea, a type of gray mold or  
often called gray rot that can target 
about 200 different species, 
typically with fruits or flowers, 
including strawberries, grapes,  
and cannabis. This pest is typically 
brought in from outdoors and then 
spread into an indoor grow room  
via air or by shoes and clothing. 
Therefore, handling this pest may 
involve whole room air disinfection 
and/or floor disinfection systems. 
Studies have shown that Botrytis 
cinerea spores are most effectively 
treated by using UV-C irradiation. 
Mercier et. al (2001) achieved 
disinfection rates of greater  
than 90% with UV-C dosages  
of 440-2200 J/m2 [15]. 

Over the past several decades,  
the evidence supporting the benefits 

of UV light for protecting crops from 
mold, mildew, and other plant pests, 
along with the ability to enhance 
medicinal benefits of plants has 
grown tremendously. However,  
there are still significant challenges 
for how to successfully incorporate 
UV into an indoor grow facility.

Considerations for Integrating 
UV into Indoor Ag Lighting
When thinking about UV LEDs,  
you can’t stop at just the LED.  
A UV LED System must think about 
the specific LEDs based on UV dose 
required, wavelength needed for the 
application, and the layout of the 
lighting relative to the plant canopy. 
However, you must then also add in 
thermal management, optical design, 
the power supply and driver [16], 
and most importantly, the lens material.

Determine dosage & 
wavelength needed  
for application
With indoor growing, it is critical  
to identify the spectrum that will 
best meet the needs of your plants,  
as the impact of different 

wavelengths depends on where  
you are in the grow cycle and  
on the specific plant species.  
For example, in the visible spectrum, 
a small percentage of green light  
(up to 24% for specific species)  
can be beneficial to support plant 
growth, but research has shown 
that it is species-specific and that 
more than 50% can have 
detrimental effects [17]. The same  
is true when incorporating UV light 
into agricultural lighting - you must 
be clear on what you are trying to 
accomplish for your plants. 

Several scenarios may call for 
integrating UV into the primary 
lighting source for an indoor grow 
facility. For instance, Resveratrol,  
a medicinal substance produced  
by plants in response to stress,  
is formed by a chemical reaction 
that requires UV-A radiation with  
a wavelength below 360 nm. 
Growers interested in increasing 
levels of specific flavonoids or 
cannabinoids will likely want  
to target UV-A, UV-B or a 
combination of both to achieve  
their target effect. 

Figure 3: 
Powdery mildew and 
mites pose a significant 
threat to many crops 
but can be substantially 
reduced with the use of 
UV light
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If a grower is interested in preventing 
infestation with specific plant pests, 
such as powdery mildew,  
spider mites, supplemental lighting 
designed to deliver specific dosages 
of UV-B light are critical to helping 
control these plant pests. To treat 
Botrytis cinerea, UV light can be 
integrated in methods designed for 
whole room air disinfection or as a 
targeted supplemental lighting that 
could be used to deliver the right 
dosage of UV-C light on a regular 
treatment cycle. Given the varying 
needs and applications for UV into 
agriculture, it is important to partner 
with a lighting company that 
understands the applications of UV 
for both enhanced growth as well  
as disinfection/pest control.

Measuring light output
Whether evaluating a lighting fixture 
or individual LED components,  
a common methodology involves 
comparing the light output 
measurements advertised by 
various manufacturers. However, 
one must use extreme caution to 
ensure you are actually comparing 
the same measurement across  
the various options and be aware 
that many of the products/
companies out there do not 
adequately disclose the parameters 
of their testing, including a critical 
dimension called distance.  
Without controlling for differences in 
these parameters, the comparison 
of numbers is meaningless.

Furthermore, many of the sensors 
on the market are designed to only 
measure specific parts of the 
electromagnetic spectrum and may 
not properly capture select portions, 
often including the far-red end of the 
visible spectrum and the UV end of 
the non-visible spectrum. For example, 
when specifically evaluating lighting 
options using Photosynthetic Photon 
Flux Density (PPFD), it is important 
to understand that the sensor will 
capture any energy in the wavelengths 
to which the sensor is calibrated. 
However, not all wavelengths carry 
the same energy, nor are all 
wavelengths equally valuable or 
attractive to the plant, and many of 

the key wavelengths could be 
excluded due to limitations on  
the measurement capabilities of  
the sensor. 

The energy of each photon is inversely 
proportional to the wavelength of 
the associated electromagnetic 
wave. The shorter the wavelength, 
the more energetic the photon,  
the longer the wavelength, the less 
energetic is the photon. Therefore, 
red light has less energy than yellow 
or green light, even though red light 
is more desirable for plants in terms 
of photosynthesis and other plant 
chemical processes. In other words, 
lights producing high amounts of 
yellow and green light may produce 
higher PPFD readings but may not 
be producing the light needed by 
the plants.

If exclusively evaluating UV lighting 
options, it is noteworthy to mention 
that while there are a wide range  
of UV radiometers designed to 
measure UV generated by traditional 
broadband mercury arc systems 
that primarily produce UV-C, they 
will not properly measure the UV 
output generated by UV-LEDs, 
particularly if your light design 
includes multiple UV peaks that 
don’t specifically line up with the 
target spectrum of the sensor being 
used. Many manufacturers of 
UV-LED chips will measure the UV 
output of their LEDs in an integrating 
sphere, also known as Ulbricht 
sphere [18] which may or may not 
be a good proxy for what the plant 
will actually experience.

Even if proper caution is taken using 
appropriate sensors to measure 
light output, the plants themselves 
are ultimately the best judge of the 
performance of your lights and the 
ability to achieve your desired 
outcomes, and you should seriously 
consider in-environment testing to 
help validate the claims from the  
product manufacturers. 

The impact of the lens
When selecting LED lighting for 
plants, it’s critically important to 
remember that while plants may  

not be able to get too much light, 
they most certainly can get too 
much heat. While LEDs are more 
efficient than mercury lamps, 
research suggests that UV LEDs 
only transfer about 15-25% [19]  
of received input power into light. 
The remaining is transferred as heat, 
so thermal management must be a 
critical part of the system. 

In addition, when lights produce 
wavelengths in areas of the 
spectrum not needed by plants,  
the photons not absorbed by the 
plant, will ultimately translate to  
heat in the environment requiring 
more extensive cooling costs -  
both in terms of ongoing electrical 
needs, but also upfront 
infrastructure costs.

Similar to the coverings on 
greenhouses, certain types of 
lenses, such as the outer glass 
jacket from HPS lighting actually 
blocks much of the UV light from 
reaching the plants, translating that 
light into heat. 

Another factor in the use of UV,  
or even deep blue LEDs is that most 
lens materials will experience 
significant degradation over time 
resulting in decreased efficiency, 
and it may even cause enough heat 
to remain trapped to ultimately 
destroy the LED itself. 

However, new advances such  
as the patented technology 
from Violet Gro enable the 
combination of a UV light source 
with a special class of ultraviolet 
transmissive lens material,  
in direct and immediate contact,  
without producing these detrimental  
effects. This unique lens, and  
the associated direct contact with 
the UV LEDs, allows more of the  
UV light to be transmitted and 
projected through the lens to its 
intended source, thereby further 
increasing efficiency and decreasing 
heat output. This is beneficial to 
both the lifetime of the LEDs,  
and to substantially reducing  
the cooling requirements in the 
indoor grow facility.

TECHNOLOGIES UV LEDS FOR HORTICULTURE
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What’s Next
As UV LEDs continue to come down 
in price, the ability to effectively 
incorporate UV into the growing 
process with the right wavelengths, 
the right dosage, and at the right 
time in the life cycle of specific plant 
species will dramatically increase. 
This reality will allow for further research 
and development of UV solutions, 
including identifying the optimal 
combinations of UV wavelengths 
and dosages to achieve the desired 
effects for specific plant species.

Regardless of the desired plant 
growth or pest control outcomes, 
for effectiveness and longevity of  
the lights, UV LEDs will still need to 
be combined with an appropriate 
ultraviolet transmissive lens that 
enables transmission of the UV light 
without risking degradation or 
destruction of the lens and/or  
the LED itself. 

Figure 4: 
Example of an LED 
destroyed by heat 
trapped within the lens
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