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METHOD TO IMPROVE CROP YIELD AND/OR QUALITY

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 62/526,922

filed on June 29, 2017, which is incorporated herein by reference in its entirety.

BACKGROUND
[0002] In the past, methods to improve crop yield and quality have typically relied on
fertilizers, pesticides and other chemicals, or genetic breeding programs to select for beneficial
traits. Alternatively, careful but costly manipulation or control of environmental factors such as
temperature or irrigation during crop growth was relied upon in an effort to improve crop
outcomes.
[0003] These approaches sometimes increase yield, but are not without disadvantages.
Fertilizers and chemicals can lead to environmental pollution or health risks if improperly used.
Proper use often involves considerable cost in money and time to apply to crops.
[0004] Genetic breeding has many advantages in terms of crop improvement, but is often a
slow process and suffers from uncertain phenotypic outcomes. For instance, whilst one
commercially important trait may be improved (such as disease resistance), it may come at a
cost such as a deleterious effect on a separate trait such as taste or color.
[0005] Finally, careful control of growth conditions before harvest certainly is important.
Yet less hardy plants often die due to stresses in the outdoor environment regardless of this
control of growth conditions, and this leads to a net loss of production.
[0006] Historically, UV radiation has been seen as a detrimental treatment to plant
seedlings, as it was believed to stress plants by subjecting them to photodamage and trigger
inappropriate developmental responses. Yet, in more recent years, research has focused on
treatment of certain plants with ultraviolet (UV) radiation and visible light to improve
defense/protection mechanisms.
[0007] Behn et al. (Europ. J. Hort. Sci., 76(2). S. 33-40, 2011, ISSN 1611-4426) shows
exposure of lettuce seedlings with filtered natural sunlight, containing UV-B, UV-A and visible
light led to improved stress tolerance, but as a trade off led to a loss of biomass accumulation,
thought to be due to a redirection of carbohydrate substrate from growth to secondary
metabolism (i.e. protection mechanisms). Whilst the plants showed improved
defense/protection, crop yield and quality diminished.
[0008] WO 2012/085336 describes a device to deliver a combination of UV-A (315 -400
nm), UV-B (280-315), violet and blue (400-500 nm) and red and far red (600-800 nm) light,
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optionally also with green and yellow light (500-600 nm). The device was used to treat tree
seedlings and it was suggested this prevented transplantation shock while the plants are moved
from an indoor setting to an outdoor setting for plant growth. Specifically, it discloses that the
device’s treatment shortened the growth cycle of tree seedlings, enhances the proportion of
viable seedlings and eliminates one work phase in the growth process (e.g. removing the need
for sunshade curtains), thus improving the economics of seedling cultivation. Yet, WO
2012/085336 is only focused on seedling viability and the economics of seedling cultivation, not
towards improving crop yield and/or quality. Additionally, it relies on multiple UV wavebands,
which may complicate the treatment process and/or may lead to undesirable traits, such as those

described in Behn et al.

INCORPORATION BY REFERENCE
[0009] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF SUMMARY
[0010] The disclosure is summarized in part by the claims as attached hereto. It is
understood that the disclosure further encompasses material not explicitly recited in the claims
attached hereto, and that alternate claim language is consistent with and supported by the
disclosure herein.
[0011] Provided herein are methods of treating a plant seedling to improve long term
hardiness and/or improve crop yield and/or quality characterized by the step of exposing the
plant seedling, prior to a subsequent growth phase, with ultraviolet (UV) irradiation with at least
one wavelength, only between 280-310 nm. Further provided herein are methods, wherein the
treatment of the plant seedling with UV irradiation is performed indoors. Further provided
herein are methods further comprising exposing the plant seedling to UV light in the range of 2-
15 days. Further provided herein are methods further comprising exposing the plant seedling to
cyclic exposure of UV light. Further provided herein are methods further comprising
maintaining the temperature at approximately between 12°C to 35°C during the treatment.
Further provided herein are methods further comprising exposure to UV wavelength within the
range 280-305 nm. Further provided herein are methods further comprising exposure to peak
UV wavelength within the range 280-290 nm. Further provided herein are methods, wherein the

plant seedling is a fruit and vegetable species. Further provided herein are methods, wherein the
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plant seedling is selected from the group including green lettuce, red lettuce, tomato, cucumber,
broccoli, herb crops and eggplant.

[0012] Provided herein are devices to administer ultraviolet (UV) irradiation to a plant
seedling, characterized in that the device is configured to administer ultraviolet (UV) irradiation
with at least one wavelength within the range 280-310 nm. Further provided herein are devices,
wherein the device includes a moving conveyor which alters the relative positions of at least one
light emitter and the target area during the treatment. Further provided herein are devices,
wherein the light emitter is at least one light emitting diode (LED). Further provided herein are
devices, wherein the device is configured to also administer at least one wavelength in the
visible spectrum between 400 to 800 nm. Further provided herein are devices, wherein the
device is configured to administer at least one a wavelength in the blue visible spectrum between
400 to 500 nm. Further provided herein are devices, wherein the device is configured to
administer at least one a wavelength in the red visible spectrum between 655-680 nm.

[0013] Provided herein are methods of improving long term hardiness and/or crop yield
and/or crop quality characterized by the steps of (a) exposing a plant seedling or seedlings, prior
a subsequent growth phase, with ultraviolet (UV) light with at least one wavelength, only within
the range 280-310 nm; and (b) selecting a plant seedling or seedlings for a subsequent growth
phase. Further provided herein are methods, wherein step (b) includes predicting or assessing
hardiness of the plant seedling and/or resulting crop yield or crop quality of the plant seedling(s)
or plant in order to select for seedling(s) or related seedling(s) undergoing similar UV treatment
which show promising beneficial traits.

[0014] Provided herein are plant seedlings, plant or harvestable crop following treatment
according to any methods described herein.

[0015] Provided herein are methods for improving hardiness and plant yield, comprising
administering light enriched for UV wavelengths from 280 nm to 290 nm to a plant material.
Further provided herein are methods, wherein the plant material comprises material of a plant in
family Rosaceae. Further provided herein are methods, wherein the Rosaceae material is of a
plant in genus a Fragaria. Further provided herein are methods, wherein the plant material is a
runner. Further provided herein are methods, wherein the plant material is a seed. Further
provided herein are methods, wherein the plant material is a seedling. Further provided herein
are methods, wherein the plant material is a plant. Further provided herein are methods, wherein
the light is enriched for a UV wavelength of 280 nm. Further provided herein are methods,
wherein the light is enriched for a UV wavelength of 290 nm. Further provided herein are
methods wherein the light comprises blue light. Further provided herein are methods, wherein

the light comprises red light. Further provided herein are methods, wherein the light is
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administered for at least 1 day. Further provided herein are methods, wherein the light is
administered for at least 14 days. Further provided herein are methods, wherein the light is
administered for about 14 days. Further provided herein are methods, wherein the yield is
selected from a group consisting of an improved fruit fresh weight, improved number of fruit
harvested, improved Brix content, improved fruit width, improved fruit length, improved leaf
size, an improved leaf surface area, an improved dry weight, an improved nitrogen content, an
improved shoot dry weight, an improved shoot fresh weight, an improved root dry weight, an
improved vegetable development, an improved yield of fruiting parts, an increased weight of
fruiting parts, improved hardiness, and an increased seed germination rate. Further provided
herein are methods, wherein the yield is improved by at least 5% compared to a plant from a
non-UV-B irradiated seed. Further provided herein are methods, wherein the hardiness is
selected from a group consisting of an improved resistance to stress caused by weather damage,
an improved resistance to stress caused by sun exposure, an improved resistance to stress caused
by disease, and an improved resistance to stress caused by insects.

[0016] Provided herein are methods of growing a crop by reducing pesticide use without
impacting loss due to pest damage comprising the steps of: (a) administering light enriched for
at least one UV wavelength in a range from 280 nm to 290 nm to a plant material; (b) providing
no more than 95% of the standard pesticide regimen; and (c¢) harvesting the crop, wherein the
crop provides a greater yield than a comparable crop provided with the standard pesticide
regimen but not supplemented with UV light.

[0017] Provided herein are methods for improving hardiness and plant yield in a crop,
comprising (a) administering light enriched for at least one UV wavelength in a range from 280
nm to 290 nm to a plant material; (b) providing a pesticide regimen, wherein the pesticide
regimen is no more than 50% of the standard pesticide regimen; (c) harvesting the crop, and (d)
measuring the plant yield, wherein the crop provides a greater yield than a comparable crop
provided with the standard pesticide regimen but not supplemented with UV light. Further
provided herein are methods, wherein the plant material comprises plant material from a plant in
family Rosaceae. Further provided herein are methods, wherein the Rosaceae plant is of genus
Fragaria. Further provided herein are methods, wherein the plant material is a runner. Further
provided herein are methods, wherein the plant material is a seed. Further provided herein are
methods, wherein the plant material is a seedling. Further provided herein are methods, wherein
the plant material is a plant. Further provided herein are methods, wherein the light is enriched
for UV wavelength of 280 nm. Further provided herein are methods, wherein the light is
enriched for UV wavelength of 290 nm. Further provided herein are methods, wherein the light

comprises blue light. Further provided herein are methods, wherein the light comprises red light.
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Further provided herein are methods, wherein the light is administered for at least 1 day. Further
provided herein are methods, wherein the light is administered for at least 14 days. Further
provided herein are methods, wherein the light is administered for about 14 days. Further
provided herein are methods, wherein the yield is selected from a group consisting of an
improved fruit fresh weight, improved number of fruit harvested, improved Brix content,
improved fruit width, improved fruit length, improved leaf size, an improved leaf surface area,
an improved dry weight, an improved nitrogen content, an improved shoot dry weight, an
improved shoot fresh weight, an improved root dry weight, an improved vegetable development,
an improved yield of fruiting parts, an increased weight of fruiting parts, improved hardiness,
and an increased seed germination rate. Further provided herein are methods, wherein the yield
is improved by at least 5% compared to a plant from a non-UV-B irradiated seed. Further
provided herein are methods, wherein the hardiness is selected from a group consisting of an
improved resistance to stress caused by weather damage, an improved resistance to stress caused
by sun exposure, an improved resistance to stress caused by disease, and an improved resistance
to stress caused by insects. Further provided herein are methods, wherein the pesticide regimen
1s no more than 60% of the standard pesticide regimen. Further provided herein are methods,
wherein the pesticide regimen is no more than 70% of the standard pesticide regimen. Further
provided herein are methods, wherein the pesticide regimen is no more than 80% of the standard
pesticide regimen.

[0018] Provided herein are crops resulting from any of the methods described herein.
[0019] Provided herein are fields subjected to treatment comprising any of the methods
described herein.

[0020] Provided herein are methods for improving yield of a fruiting component of a crop
plant, comprising: administering light enriched for at least one UV wavelength in a range from
280 nm to 290 nm to a plant material at least 7 weeks before fruit is harvested. Further provided
herein are methods, wherein the light is enriched for UV wavelength of 280 nm. Further
provided herein are methods, wherein the light is enriched for UV wavelength of 290 nm.
Further provided herein are methods, wherein the light comprises blue light. Further provided
herein are methods, wherein the light comprises red light. Further provided herein are methods,
wherein the light is administered using a treatment regimen for a duration of at least 1 day.
Further provided herein are methods, wherein the light is administered using a treatment
regimen for a duration of at least 14 days. Further provided herein are methods, wherein the
light is administered using a treatment regimen for a duration of about 14 days. Further provided
herein are methods, wherein the light is administered for about 10 hours total per day. Further

provided herein are methods, wherein the plant material is from a plant in family Rosaceae.
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Further provided herein are methods, wherein the Rosaceae plant is of genus Fragaria. Further
provided herein are methods, wherein the plant material is from a fruiting plant. Further
provided herein are methods, wherein the plant material is from at least one of tomato,
strawberry, and cannabis. Further provided herein are methods, wherein the plant material is a
runner. Further provided herein are methods, wherein the plant material is a seed. Further
provided herein are methods, wherein the plant material is a seedling. Further provided herein
are methods, wherein the plant material is a plant. Further provided herein are methods, wherein
the improved yield is selected from a group consisting of fruit fresh weight, number of fruit
harvested, Brix content, fruit width, fruit length, leaf size, leaf surface area, dry weight, nitrogen
content, shoot dry weight, shoot fresh weight, root dry weight, vegetable development, yield of
fruiting parts, weight of fruiting parts, hardiness, and seed germination rate. Further provided
herein are methods, wherein the improved yield is fruit fresh weight. Further provided herein are
methods, wherein the fruit fresh weight is improved by at least 5% compared to a non-UV-B
irradiated plant material. Further provided herein are methods, wherein the improved yield is
number of fruit harvested. Further provided herein are methods, wherein the number of fruit
harvested is improved by at least 10% compared to a non-UV-B irradiated plant material.
Further provided herein are methods, wherein the improved yield is increased flowering parts.
Further provided herein are methods, wherein the improved yield is improved Brix content.
Further provided herein are methods, wherein the yield is improved by at least 5% compared to
a non-UV-B irradiated plant material.

[0021] Provided herein are methods for improving yield of a fruiting component of a crop
plant, comprising: administering light enriched for at least one UV wavelength, such as a
wavelength in a range of 280-320 nm, or in a narrower range of 280 nm to 300 nm, 280nm to
295 nm, or 280 nm to 290 nm to a plant material during a propagation stage of the plant
material. Further provided herein are methods, wherein the light is enriched for UV light at a
wavelength of at least one of 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292,
293,294,295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311,
312,313,314, 315,316,317, 318, 319, or 320 nm. In some such methods the light is enriched
for UV at a wavelength of 290 nm. In some such methods the light is enriched for UV at a
wavelength of 280 nm. Further provided herein are methods, wherein the light comprises blue
light. Further provided herein are methods, wherein the light comprises red light. Further
provided herein are methods, wherein the light is administered using a treatment regimen for a
duration of at least 1 day, suchas 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or more than 30 days. Further provided herein are

methods, wherein the light is administered using a treatment regimen for a duration of at least 14
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days. Further provided herein are methods, wherein the light is administered using a treatment
regimen for a duration of about 14 days. Further provided herein are methods, wherein the light
1s administered using a treatment regimen for a duration of no more than 14 days. Further
provided herein are methods, wherein the light is administered for about 10 hours total per day.
Further provided herein are methods, wherein the plant material is from a plant in family
Rosaceae, such as a Rosaceae plant of the genus Fragaria. Further provided herein are methods,
wherein the plant material is from a fruiting plant. Further provided herein are methods, wherein
the plant material is from at least one of tomato, strawberry, and cannabis. Further provided
herein are methods, wherein the improved yield is selected from a group consisting of fruit fresh
weight, number of fruit harvested, Brix content, fruit width, fruit length, leaf size, leaf surface
area, dry weight, nitrogen content, shoot dry weight, shoot fresh weight, root dry weight,
vegetable development, yield of fruiting parts, weight of fruiting parts, hardiness, and seed
germination rate. Further provided herein are methods, wherein the improved yield is fruit fresh
weight. Further provided herein are methods, wherein the fruit fresh weight is improved by at
least 5% compared to a non-UV-B irradiated plant material. Further provided herein are
methods, wherein the improved yield is number of fruit harvested. Further provided herein are
methods, wherein the number of fruit harvested is improved by at least 10% compared to a non-
UV-B irradiated plant material. Further provided herein are methods, wherein the improved
yield is increased flowering parts. Further provided herein are methods, wherein the improved
yield is improved Brix content. Further provided herein are methods, wherein the improved
yield is improved by at least 5% compared to a non-UV-B irradiated plant material. Further
provided herein are methods, wherein the improved yield occurs at least 1 week following
administration of the light. Further provided herein are methods, wherein the improved yield
occurs 1 week, 2 weeks, 3 weeks, 4 weeks, S weeks, 6 weeks, 7 weeks, or 8 weeks following
administration of the light. Further provided herein are methods, wherein the propagation stage
comprises runners. Further provided herein are methods, wherein the propagation stage
comprises shoots. Further provided herein are methods, wherein the propagation stage comprises
cuttings.

[0022] Provided herein are methods for improving yield of a fruiting component of a crop
plant, comprising: (a) administering light enriched for at least one UV wavelength, such as UV
in a wavelength range from 280nm to 300nm, 290nm to 300nm, or in a range from 280 nm to
290 nm to a plant material; and (b) collecting an increased number of fruit than expected number
of fruit for an untreated field. Further provided herein are methods, wherein the light is enriched
for UV light at a wavelength of at least one of 280, 281, 282, 283, 284, 285, 286, 287, 288, 289,
290, 291, 292, 293,294,295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308,
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309,310, 311, 312, 313, 314, 315, 316, 317, 318, 319, or 320 nm, such as a wavelength of 280

nm or 290 nm. Further provided herein are methods, wherein the light comprises blue light.
Further provided herein are methods, wherein the light comprises red light. Further provided
herein are methods, wherein the light is administered using a treatment regimen for a duration of
atleast 1 day, suchas 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26,27, 28, 29, 30, or more than 30 days. Further provided herein are methods, wherein
the light is administered using a treatment regimen for a duration of at least 14 days. Further
provided herein are methods, wherein the light is administered using a treatment regimen for a
duration of about 14 days. Further provided herein are methods, wherein the light is
administered using a treatment regimen for a duration of no more than 14 days. Further
provided herein are methods, wherein the light is administered for about 10 hours total per day.
Further provided herein are methods, wherein the plant material is from a crop plant, such as a
row crop or a fruiting crop. In some cases the plant is of the plant in family Poaceae,
Asteraceae, Fabaceae, Brassicaceae, Lamiaceae, Solanaceae, Cannabaceae, or Rosaceae. Further
provided herein are methods, wherein the plant is of genus Solanum, Lycopersicon, Cannabis, or
Fragaria. Further provided herein are methods, wherein the plant material is from a fruiting
plant. Further provided herein are methods, wherein the plant material is from at least one of
tomato, strawberry, and cannabis. Further provided herein are methods, wherein the number of
fruit is increased by at least 5%. Further provided herein are methods, wherein the increase is
measured relative to a reference, such as and expected number of fruit determined by a national
average, a historical average for a growing region, or an untreated field, among others. Further
provided herein are methods, wherein the untreated field comprises an adjacent field. Further
provided herein are methods, wherein the untreated field comprises a field of about the same
size, same latitude, same climate zone, same sunlight exposure, same daytime temperature, same
night time temperature, same water exposure, or other parameters facilitating a comparison.
[0023] Provided herein are methods for improving yield of a fruiting component of a crop
plant, comprising: administering light enriched for at least one UV wavelength, such as a UV
wavelength in a range from 280 nm to 290 nm, 290 nm to 300 nm, or 300 nm to 320 nm to a
plant material, wherein the yield is improved by at least 5%. Further provided herein are
methods, wherein the light is enriched for UV light at a wavelength of at least one of 280, 281,
282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293,294,295, 296, 297, 298, 299, 300,
301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312,313, 314, 315, 316,317, 318, 319,
or 320 nm, such as a wavelength of 280 nm or 290 nm. Further provided herein are methods,
wherein the light comprises blue light. Further provided herein are methods, wherein the light

comprises red light. Further provided herein are methods, wherein the light is administered using
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a treatment regimen for a duration of at least 1 day. Further provided herein are methods,
wherein the light is administered using a treatment regimen for a duration of at least 14 days.
Further provided herein are methods, wherein the light is administered using a treatment
regimen for a duration of about 14 days. Further provided herein are methods, wherein the light
1s administered for about 10 hours total per day. Further provided herein are methods, wherein
the plant material is from a plant in family Rosaceae. Further provided herein are methods,
wherein the Rosaceae plant is of genus Fragaria. Further provided herein are methods, wherein
the plant material is from a fruiting plant. Further provided herein are methods, wherein the
plant material is from at least one of tomato, strawberry, and cannabis. Further provided herein
are methods, wherein the improved yield is selected from a group consisting of fruit fresh
weight, number of fruit harvested, Brix content, fruit width, fruit length, leaf size, leaf surface
area, dry weight, nitrogen content, shoot dry weight, shoot fresh weight, root dry weight,
vegetable development, yield of fruiting parts, weight of fruiting parts, hardiness, and seed
germination rate. Further provided herein are methods, wherein the improved yield is fruit fresh
weight. Further provided herein are methods, wherein the improved yield is number of fruit
harvested. Further provided herein are methods, wherein the improved yield is increased
flowering parts. Further provided herein are methods, wherein the improved yield is improved
Brix content. Further provided herein are methods, wherein the improved yield is compared to a
non-UV-B irradiated plant material.
[0024] Provided herein are fields having at least 10% improved yield of fruiting components
of a crop plant following administration of light enriched for UV-B in a range of 280 nm to 290
nm compared to a field not administered UV-B. Provided herein are fields having more than
about 50000 pounds of fruiting components of a crop plant per acre following administration of
light enriched for UV-B in a range of 280 nm to 290 nm compared to a field not administered
UV-B. Further provided herein are fields, wherein no more than 95% of at least one of a
standard fertilizer regimen, standard pesticide regimen, standard herbicide regimen, standard
insecticide regimen, and standard water regimen is administered. Further provided herein are
fields, wherein no more than 80% of at least one of a standard fertilizer regimen, standard
pesticide regimen, standard herbicide regimen, standard insecticide regimen, and standard water
regimen is administered. Further provided herein are fields, wherein no more than 70% of at
least one of a standard fertilizer regimen, standard pesticide regimen, standard herbicide
regimen, standard insecticide regimen, and standard water regimen is administered. Further
provided herein are fields, wherein no more than 60% of at least one of a standard fertilizer
regimen, standard pesticide regimen, standard herbicide regimen, standard insecticide regimen,

and standard water regimen is administered. Further provided herein are fields, wherein the light
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is enriched for UV wavelength of 280 nm. Further provided herein are fields, wherein the light

is enriched for UV wavelength of 290 nm. Further provided herein are fields, wherein the light
comprises blue light. Further provided herein are fields, wherein the light comprises red light.
Further provided herein are fields, wherein the light is administered using a treatment regimen
for a duration of at least 1 day. Further provided herein are fields, wherein the light is
administered using a treatment regimen for a duration of at least 14 days. Further provided
herein are fields, wherein the light is administered using a treatment regimen for a duration of
about 14 days. Further provided herein are fields, wherein the light is administered for about 10
hours total per day. Further provided herein are fields, wherein the crop plant is from a plant in
family Rosaceae. Further provided herein are fields, wherein the Rosaceae plant is of genus
Fragaria. Further provided herein are fields, wherein the crop plant is from at least one of
tomato, strawberry, and cannabis. Further provided herein are fields, wherein the improved yield
is selected from a group consisting of fruit fresh weight, number of fruit harvested, Brix content,
fruit width, fruit length, leaf size, leaf surface area, dry weight, nitrogen content, shoot dry
weight, shoot fresh weight, root dry weight, vegetable development, yield of fruiting parts,
weight of fruiting parts, hardiness, and seed germination rate. Further provided herein are fields,
wherein the improved yield is fruit fresh weight. Further provided herein are fields, wherein the
improved yield is number of fruit harvested. Further provided herein are fields, wherein the
improved yield is increased flowering parts. Further provided herein are fields, wherein the
improved yield is improved Brix content.

[0025] Provided herein are methods for improving yield of a fruiting component of a crop
plant, comprising: subjecting a plant material to a treatment regimen comprising light enriched
for at least one UV wavelength in a range from 280 nm to 295 nm and at least one of a treatment
distance from the plant material and a light source in a range of about 30 mm to about 120 mm,
a speed of a moving light source in a range of about 40 to about 60 mm per second, a light
source timing cycle in a range of about 90 to about 280 seconds, a number of cycles per day in a
range of about 380 to about 500 cycles per day, an irradiance of the UV wavelength in a range
of about 15 to about 40 umol cm™ s’ a wavelength of blue light in a range of about 440 nm to
about 460 nm, an irradiance of blue light in a range of about 30 to about 150 umol m™s™, a
wavelength of red light in a range of about 640 nm to about 680 nm, an irradiance of red light in
a range of about 60 to about 300 umol m™s™, and a number of days of the treatment regimen in
a range of about 5 to about 20 days. Further provided herein are methods, wherein the at least
one UV wavelength is peaking at 282 nm. Further provided herein are methods, wherein the at
least one UV wavelength is peaking at 285 nm. Further provided herein are methods, wherein

the at least one UV wavelength is peaking at 287 nm. Further provided herein are methods,
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wherein the at least one UV wavelength is peaking at 291 nm. Further provided herein are
methods, wherein the at least one UV wavelength is peaking at 292 nm. Further provided herein
are methods, wherein the plant material is from at least one of tomato, strawberry, and cannabis.
Further provided herein are methods, wherein the plant material is a runner. Further provided
herein are methods, wherein the plant material is a seed. Further provided herein are methods,
wherein the plant material is a seedling. Further provided herein are methods, wherein the plant
material is a plant. Further provided herein are methods, wherein the crop plant is from a plant in
family Rosaceae. Further provided herein are methods, wherein the Rosaceae plant is of genus
Fragaria. Further provided herein are methods, wherein the crop plant is from at least one of
tomato, strawberry, and cannabis. Further provided herein are methods, wherein the improved
yield is selected from a group consisting of fruit fresh weight, number of fruit harvested, Brix
content, fruit width, fruit length, leaf size, leaf surface area, dry weight, nitrogen content, shoot
dry weight, shoot fresh weight, root dry weight, vegetable development, yield of fruiting parts,
weight of fruiting parts, hardiness, and seed germination rate. Further provided herein are
methods, wherein the improved yield is fruit fresh weight. Further provided herein are methods,
wherein the improved yield is number of fruit harvested. Further provided herein are methods,
wherein the improved yield is increased flowering parts. Further provided herein are methods,
wherein the improved yield is improved Brix content. Further provided herein are methods,
wherein the improved yield is improved by at least 5%.

[0026] Provided herein are devices configured to administer a treatment regimen comprising
light enriched for at least one UV wavelength in a range from 280 nm to 295 nm to a plant
material and to control at least one of a treatment distance from the plant material and a light
source in a range of about 30 mm to about 120 mm, a speed of a moving light source in a range
of about 40 to about 60 mm per second, a light source timing cycle in a range of about 90 to
about 280 seconds, a number of cycles per day in a range of about 380 to about 500 cycles per
day, an irradiance of the UV wavelength in a range of about 15 to about 40 umol cm™s™, a
wavelength of blue light in a range of about 440 nm to about 460 nm, an irradiance of blue light
in a range of about 30 to about 150 umol m™s™, a wavelength of red light in a range of about
640 nm to about 680 nm, an irradiance of red light in a range of about 60 to about 300 umol m™
s, and a number of days of the treatment regimen in a range of about 5 to about 20 days.
Further provided herein are devices, wherein the at least one UV wavelength is peaking at 282
nm. Further provided herein are devices, wherein the at least one UV wavelength is peaking at
285 nm. Further provided herein are devices, wherein the at least one UV wavelength is peaking
at 287 nm. Further provided herein are devices, wherein the at least one UV wavelength is

peaking at 291 nm. Further provided herein are devices, wherein the at least one UV wavelength
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1s peaking at 292 nm. Further provided herein are devices, wherein the plant material is from at
least one of tomato, strawberry, and cannabis. Further provided herein are devices, wherein the
plant material is a runner. Further provided herein are devices, wherein the plant material is a
seed. Further provided herein are devices, wherein the plant material is a seedling. Further
provided herein are devices, wherein the plant material is a plant. Further provided herein are
devices, wherein the crop plant is from a plant in family Rosaceae. Further provided herein are
devices, wherein the Rosaceae plant is of genus Fragaria. Further provided herein are devices,
wherein the crop plant is from at least one of tomato, strawberry, and cannabis. Further provided
herein are devices, wherein the improved yield is selected from a group consisting of fruit fresh
weight, number of fruit harvested, Brix content, fruit width, fruit length, leaf size, leaf surface
area, dry weight, nitrogen content, shoot dry weight, shoot fresh weight, root dry weight,
vegetable development, yield of fruiting parts, weight of fruiting parts, hardiness, and seed
germination rate. Further provided herein are devices, wherein the improved yield is fruit fresh
weight. Further provided herein are devices, wherein the improved yield is number of fruit
harvested. Further provided herein are devices, wherein the improved yield is increased
flowering parts. Further provided herein are devices, wherein the improved yield is improved
Brix content. Further provided herein are devices, wherein the improved yield is improved by at

least 5%.

BRIEF DESCRIPTION OF DRAWINGS
[0027] Further aspects of the present disclosure will become apparent from the following
description which is given by way of example only and with reference to the accompanying
drawings in which:
[0028] Figure 1 depicts an analysis of UV spectrum to provide beneficial hardiness outcome.
[0029] Figure 2 depicts a graph of average shoot dry weight (DW) in control and after UV-B
radiation of 280 nm of strawberry cultivar.
[0030] Further aspects of the present disclosure will become apparent from the following
description which is given by way of example only and with reference to the accompanying

drawings.

DETAILED DESCRIPTION
[0031] Disclosed herein are methods, devices and recipes for treating a plant seedling or
other plant material to improve long term hardiness and/or improve crop yield and/or crop
quality characterized by the step of exposing the plant seedling, prior to a subsequent growth

phase, with ultraviolet (UV) irradiation with at least one wavelength only between 280-310 nm.
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[0032] According to another aspect of the present disclosure there is provided a device to
administer ultraviolet (UV) irradiation to a plant seedling or plant material, characterized in that
the device is configured to administer ultraviolet (UV) irradiation with at least one wavelength
in a range of about 280 to about 320 nm, such as UV light having a peak wavelength at a
wavelength of at least one of 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292,
293,294,295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311,
312,313,314, 315,316,317, 318, 319, or 320 nm, such as a wavelength of 280 nm or 290 nm
or in a range of 280 nm to 310 nm. The treatment may further comprise a treatment distance
from the plant material and a light source in a range of about 30 mm to about 120 mm, a speed
of a moving light source in a range of about 40 to about 60 mm per second, a light source timing
cycle in a range of about 90 to about 280 seconds, a number of cycles per day in a range of
about 380 to about 500 cycles per day, an irradiance of the UV wavelength in a range of about
15 to about 40 umol cm™s™, a wavelength of blue light in a range of about 440 nm to about 460
nm, an irradiance of blue light in a range of about 30 to about 150 umol m™s™, a wavelength of
red light in a range of about 640 nm to about 680 nm, or an irradiance of red light in a range of
about 60 to about 300 umol m™s™.

[0033] According to another aspect of the present disclosure there is provided a method of
improving long term hardiness and/or crop yield and/or crop quality including the step of
(a) exposing a plant seedling or plant material prior to a subsequent growth phase, with
ultraviolet (UV) light with at least one wavelength only between 280-310 nm
further characterized by the step of
(b) selecting, or determining an appropriate level of hardiness in, a plant seedling or plant
material for the subsequent growth phase.
[0034] According to another aspect of the present disclosure there is provided a plant
seedling, plant or harvestable crop which has been treated using the methods described herein.
[0035] Provided herein are methods of treating the plant seedling or plant material to
increase crop yield and/or quality. In some instances, a direct correlation is observed between
treatment of plant seedling or plant material with specific wavelengths in the UV-B spectrum
and commercially important crop yield and quality. In some instances, methods as described
herein comprise administration of light enriched or supplemented with UV-B. In some instances,
part of this set of wavelengths is not found in the sunlight reaching the earth’s surface, and is
therefore differentiated from any form of treatment using natural sunlight.
[0036] Furthermore, the treatment also still appears to achieve desirable or improved
hardiness (i.e. protection) from stresses such as abiotic and biotic stresses. For instance, in

preliminary trials, cucumbers were shown to have an increased resistance /protection to cold
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stress (abiotic stress reduction) in older plants at final harvest 12 days after initial UV treatment
of cucumber seedlings.

[0037] As another example, green lettuce was shown to have an increased resistance to
fungal disease (biotic stress reduction) even in older plants. This illustrates the follow-on
protective effects of the UV-treatment in older plants. Importantly, in both examples, crop yields
were also increased at harvest. Therefore, the present disclosure is providing increased
hardiness, and unlike Behn ef al., also improved crop yield and quality. Behn ef al taught away
from the results of the present disclosure because it directed the reader to UV treatment causing
the plants to build protection mechanisms at the loss of increased crop yield.

[0038] Additionally, unlike Behn ez a/., the treatment of the present disclosure may only
require UV irradiation in one defined spectrum (and specifically only a subset of that), whereas
Behn et al. had uncontrolled treatment in UV-A, UV-B and visible light, via filtered natural
sunlight.

[0039] Unlike prior art broad spectrum UV treatment methods for improving stress
resistance (e.g. to avoid transplantation shock), the present disclosure may use treatments within
only one UV spectrum (within UV-B) which may substantially ease the treatment process and
equipment needed.

[0040] Additionally, many treatments utilize sunlight as a UV-B, UV-A| and visible source,
and result in a lack of specificity of dosage, often leading to undesirable and/or unpredictable
results. The present disclosure often avoids this unpredictability due to only using specific
wavelengths in a single defined waveband in the treatment. In some instances, plant seedlings
are exposed to other background light during the treatment.

[0041] In some instances, use of a wavelength or wavelengths in a specific and narrow
focused range within UV-B radiation between 280-310 nm leads to beneficial results. In some
instances, part of the UV-B spectrum above about 310 nm does not lead to the beneficial results
seen. As will be discussed further, the UV-B spectrum covers 280 nm to about 315 nm
(however, defined separations between UV wavebands are approximate, and are subject to at
least two common variations in the literature, i.e. including an upper limit for UV-B of 320 nm
(IARC monographs on the evaluation of carcinogenic risks to humans. Volume 55 — Solar and
ultraviolet radiation; Chapter 1; Exposure data (1992)). It is possible that broader treatment
within the UV-B spectrum or uncontrolled UV treatment may lead to deleterious results.

[0042] The long term hardiness of the plant refers to improved resistance to stresses
encountered such as weather damage, sun exposure, disease and/or insect pest attack during the
growth phase of the plant prior to harvest. Without wishing to be bound by theory, the

commercial end result of an improved yield and/or quality of the crop at harvest is thought be at
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least partially attributed to an improved long-term hardiness resulting from the treatment.
Regardless, the end result of improved crop yield and/or quality is observed as a result of this
treatment method.
[0043] In some instances, using UV radiation outside of the UV-B range (for example the
UV-A or UV-C wavelengths) does not lead to beneficial results. In some instances, beneficial
effects dramatically diminish or disappear entirely when moving out of the UV-B spectrum, for
instance into the UV-A spectrum (400 to 315 nm).
[0044] Described herein are methods for improving quality of the crop including at least one
of improved taste, size, shape, colour, texture, visual appearance, shelf life and/or ability to
withstand post-harvest handling. In some instances, methods comprise tracking, selecting for, or
predicting for plants that will display improved hardiness and/or crop yield/quality following the
described UV treatment. In some instances, this is beneficial to reduce attrition of plants prior to
harvest, and therefore improve crop quality and/or yield.
[0045] Throughout the specification the phrase “prior to a subsequent growth phase” should
be taken as meaning either prior to the plant seedling being transferred into an outdoor
environment, or in some cases being retained indoors, at a particular time point based on the age,
size other feature of the plant seedling or environmental characteristics. The growth phase of the
plant is typically the phase when the plant exhibits substantial growth and development into a
mature plant prior to harvesting,
[0046] Throughout this specification the term “hardiness” should be taken as meaning the
ability of a plant to withstand or help protect against one or more stresses during crop production
and which may allow for more desirable yield and/or quality of the plant at harvesting.
[0047] Throughout this specification the term “plant seedling” should be taken as meaning a
young plant following germination from a seed. The plant seedling may be of a vegetable, fruit,
tree, shrub, herb, grass origin, and so forth.
[0048] Throughout this specification the term “plant” should be taken as meaning a matured
plant seedling which is ultimately used for crops or other applications.
[0049] Although the present disclosure has particular application to vegetable and fruit crop
production, it is also possible the disclosure may be used to improve other types of plant
hardiness such as trees, grasses, flowers, herbs and so forth. For simplicity, the remainder of the
specification will refer to crop production (and particularly vegetables), although it should be
appreciated this is not intended to be limiting,
[0050] Throughout this specification the term “crop” should be taken as meaning a
cultivated plant which is harvested typically by a human or machine at some point during its

growth stage for further use or human consumption. However, it should be appreciated that
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application of the methods to grasses, trees and so forth, may be used merely to improve the
hardiness without any intention to harvest.

[0051] Throughout this specification the term “indoors” should be taken as meaning a
housing, typically a greenhouse, plastic polytunnel, a shade cloth with no walls, or fully indoor
system which might use artificial lighting.

[0052] In the example of a greenhouse, it may include transparent walls and/or ceiling to
allow natural light in. The indoor housing may be used to allow the initial germination and
seedling development phase to occur and is used during the UV irradiation exposure of the
present disclosure prior to a subsequent growth phase in an outdoor environment.

[0053] In some embodiments, the treatment of the plant seedlings or plant material occurs
indoors. For example, any one of the methods may occur indoors, for example, a greenhouse. In
some instances, UV-B is administered indoors. In some instances, UV-B is administered
outdoors. In some instances, UV-B is administered outdoors in a field.

[0054] In some instances, an advantage of conducting the treatment indoors is that it may
help to regulate the conditions whilst the plant seedling is particularly vulnerable. Additionally,
it may mean that the device used to apply the UV treatment may be better protected and secured.
However, it is possible the treatment of the present disclosure may also be conducted in an
outdoor environment, depending on the circumstances and type of seedlings or plant material to
be treated.

[0055] Throughout this specification the term “transplantation” should be taken as meaning
the act of transferring the plant seedling into an outdoor environment such as a field to allow
continued growth prior to ultimate harvesting of the crops. The term transplantation shock refers
specifically to the stress or shock incurred by the plant at the time of transplantation, for instance
due to sun shock due to the different sun exposure seen between indoors and the outdoor
environment.

[0056] Throughout this specification the term “ultraviolet (UV) irradiation” should be taken
as meaning electromagnetic radiation with a wavelength shorter than visible light, but longer
than X-rays, and is in between the range of 10 nm to 400 nm (corresponding to 3 eV to 124 eV).
The ultraviolet (UV) irradiation spectrum is considered to be invisible to humans, and therefore
differentiated from visible light in the spectrum of about 400 nm to 700 nm.

[0057] The ultraviolet spectrum can be further broken down into UV-A (400-320nm), UV-B
(320-280 nm) and UV-C (280-100 nm).

[0058] Methods as described herein, in some embodiments, comprise exposure to UV
wavelength of about 280 to about 305 nm. In some instances, the beneficial effects are most

pronounced within a narrower band of the UV-B spectrum, particularly between 280-305 nm.
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[0059] In some instances, beneficial results are still seen beyond 305 nm, but the beneficial
results drop sharply after moving beyond a wavelength of about 310 nm. For example, a UV
light treatment peaking at 319 nm is still within the UV-B waveband of the spectrum, yet do not
appear to produce desired effects. The present disclosure, in some instances, uses wavelengths in
the short-wave range of the UV-B spectrum, a proportion of which exist outside of the natural
spectrum of sunlight that reach the earth’s surface. In some instances, UV treatment in the UV-A
spectrum (at 354 nm) or treatment in the UV-C spectrum (at 270 nm) is not effective to improve
hardiness.

[0060] In some instances, the method includes exposure to a peak UV wavelength of about
280 to about 290 nm. In some instances, treatment with UV light peaking between 280-290 nm
showed promising results. In some instances, the method includes only a specific wavelength (or
at least a wavelength peak) between 280-310 nm. In some instances, methods as described
herein comprise a small amount of UV light that extends partially outside of the 280-310 nm
range. In some instances, methods comprise insignificant background irradiation. This effect
would be minor and would be appreciated by someone skilled in the art to have no real influence
on the disclosure’s benefits.

[0061] Methods as described herein comprise administration of UV-B in a range of about
280 nm to about 320 nm. In some cases, UV-B is administered at 280 nm (+5 nm), 286 nm (%5
nm), 294 nm (+5 nm), or about 317 nm. The UV-B can be about 280 nm, about 281 nm, about
282 nm, about 283 nm, about 284 nm, about 285 nm, about 286 nm, about 287 nm, about 288
nm, about 289 nm, about 290 nm, about 291 nm, about 292 nm, about 293 nm, about 294 nm,
about 295 nm, about 296 nm, about 297 nm, about 298 nm, about 299 nm, about 300 nm, about
301 nm, about 302 nm, about 303 nm, about 304 nm, about 305 nm, about 306 nm, about 307
nm, about 308 nm, about 309 nm, about 310 nm, about 311 nm, about 312 nm, about 313 nm,
about 314 nm, about 315 nm, about 316 nm, about 317 nm, about 318 nm, about 319 nm, or
about 320 nm. In some cases, UV-B is peaking at 280 nm (£5 nm), 286 nm (£5 nm), 294 nm (£5
nm), or about 317 nm. The UV-B can be about 280 nm, about 281 nm, about 282 nm, about 283
nm, about 284 nm, about 285 nm, about 286 nm, about 287 nm, about 288 nm, about 289 nm,
about 290 nm, about 291 nm, about 292 nm, about 293 nm, about 294 nm, about 295 nm, about
296 nm, about 297 nm, about 298 nm, about 299 nm, about 300 nm, about 301 nm, about 302
nm, about 303 nm, about 304 nm, about 305 nm, about 306 nm, about 307 nm, about 308 nm,
about 309 nm, about 310 nm, about 311 nm, about 312 nm, about 313 nm, about 314 nm, about
315 nm, about 316 nm, about 317 nm, about 318 nm, about 319 nm, or about 320 nm. In some
instances, the UV-B is administered or peaking in a range of about 280 nm to about 290 nm,

about 280 nm to about 300 nm, about 280 nm to about 310 nm, about 280 nm to about 320 nm,
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about 290 nm to about 300 nm, about 290 nm to about 310 nm, about 290 nm to about 320 nm,

about 300 nm to about 310 nm, about 300 nm to about 320 nm, or about 310 nm to about 320
nm. In some instances, the UV-B is administered or peaking in a range of 280 nm (+5 nm) to
284 nm (5 nm), 279 nm (+5 nm) to about 288 nm, about 289 nm to about 300 nm, or 286 nm
(£5 nm) to about 305 nm. In some instances, UV-B is peaking at 282 nm. In some instances,
UV-B is peaking at 292 nm.

[0062] Optionally, the wavelength within the 280-310 nm range during the method
treatment for a given plant species is altered. In some instances, a combination of different
wavelengths within the UV-B spectrum is concurrently used.

[0063] In some instances, LED lights are configured to administer a peak irradiance
wavelength of light, for instance center around 290 nm. In some instances, the light source is a
LED. Often LED lights are configured to administer a peak irradiance wavelength of light, for
instance at about 280 nm, a range within 10 nm, 9 nm, 8 nm, 7 nm, 6 nm, S nm, 4 nm, 3 nm, 2
nm, or 1 nm of 280 nm, or exactly 280 nm, at about 286 nm, a range within 10 nm, 9 nm, 8
nm, 7 nm, 6 nm, S nm, 4 nm, 3 nm, 2 nm, or | nm of 286 nm, or exactly 286 nm. Alternately,
LED lights are configured to administer light at a standard white light spectrum which is
supplemented by light in the UV-B range, for example at about 280 nm, a range within 10 nm,
9 nm, 8 nm, 7 nm, 6 nm, 5 nm, 4 nm, 3 nm, 2 nm, or I nm of 280 nm, or exactly 280 nm, at
about 286 nm, a range within 10 nm, 9 nm, 8 nm, 7 nm, 6 nm, 5 nm, 4 nm, 3 nm, 2 nm, or 1
nm of 286 nm, or exactly 286 nm.

[0064] The LED lights or light source may administer light to a plant material at various
distances. In some instances, the distance from the plant material and the light source is at least
or about 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, or more than 200
millimeters (mm). In some instances, the distance from the plant material and the light source is
in a range of about S to about 300, about 10 to about 200, about 20 to about 140, about 30 to
about 120, or about 40 to about 60 mm. In some instances, the distance from the plant material
and the light source is about 50 mm. In some instances, the distance from the plant material and
the light source is about 70 mm. In some instances, the light that is administered is enriched or
supplemented with UV-B.

[0065] In some instances, the light source is stationary. In some instances, the light source
moves, for example, along a conveyor. In some instances, the speed of a moving light source is
at least or about 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, or more than 200
millimeters per second (mm/second). In some instances, the speed of a moving light source is at
least or about 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, or

more than 60 mm/second. In some instances, the speed of a moving light source is in a range of
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about 5 to about 200, about 10 to about 160, about 20 to about 100, or about 40 to about 60

mm/second. In some instances, the speed of a moving light source is about 50 mm/second. In
some instances, the speed of a moving light source is about 53 mm/second.

[0066] In some instances, methods as described herein do not comprise the use of other UV
wavelengths such as UV-A or UV-C in combination with the specific UV-B treatment. In some
instances, other wavelengths outside of the 280-310 nm UV-B treatment do not comprise part of
the methods as described herein. In some instances, there is a significant advantage over
treatment methods which use multiple wavelengths in more than one spectrum.

[0067] The preferred dosage regime(s) may vary and take into account various parameters
including, but not limited to, the type of seedling, the intensity of the UV light (W m™s™), the
length of treatment (days) and the rest period (on/off) between each UV application during
treatment.

[0068] For instance, the length of treatment may be kept shorter to about 2-4 days, but as a
result a higher intensity of UV irradiation may be used to provide a sufficient dosage during the
treatment period. One consideration is that higher intensities may be more likely to lead to
seedling damage, so sufficient rest periods during each application may be particularly useful.
Additionally, co-administration with blue and red visible light may be particularly useful.

[0069] Additionally, it should be appreciated that the UV exposure time, timing of UV
exposure to the seedling following germination, temperature, number of cycles, the particular
UV wavelength may each be altered to suit different plant varieties, yet still keep within the
spirit of the disclosure. Preferably, the method includes exposing the plant seedling to UV light
for approximately 2-15 days. In some instances, treatment is less than 2 days. In some instances,
treatment is more than 2 days. In some instances, methods as described herein comprise
exposing the plant seedling or plant material to UV light for about 4 to about 7 days.

[0070] A number of UV-B administration durations are consistent with the disclosure
herein. For example, a length of time of UV-B irradiation is up to 72 hours, up to 60 hours, up to
48 hours, up to 36 hours, up to 24 hours, up to 23, hours, up to 22 hours, up to 21 hours, up to 20
hours, up to 19 hours, up to 18 hours, up to 17 hours, up to 16 hours, up to 15 hours, up to 14
hours, up to 13 hours, up to 12 hours, up to 11 hours, up to 10 hours, up to 9 hours, up to 8
hours, up to 7 hours, up to 6 hours, up to 5 hours, up to 4 hours, up to 3 hours, up to 2 hours, up
to 1 hour, or less than one hour. In some instances, UV-B treatment is about 1 hour, 2 hours, 3
hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 12 hours, 14 hours, 16
hours, 18 hours, 20 hours, 24 hours, 30 hours, 32 hours, 50 hours, 72 hours, or more than 72
hours. Some treatments are for less than about or at least 1 minute, 2 minutes, 3 minutes, 4

minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutes, 9 minutes, 10 minutes, 11 minutes, 12
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minutes, 13 minutes, 14 minutes, 15 minutes, 16 minutes, 17 minutes, 18 minutes, 19 minutes,
20 minutes, 21 minutes, 22 minutes, 23 minutes, 24 minutes, 25 minutes, 26 minutes, 27
minutes, 28 minutes, 29 minutes, 30 minutes, 31 minutes, 32 minutes, 33 minutes, 34 minutes,
35 minutes, 36 minutes, 37 minutes, 38 minutes, 39 minutes, 40 minutes, 41 minutes, 42
minutes, 43 minutes, 44 minutes, 45 minutes, 46 minutes, 47 minutes, 48 minutes, 49 minutes,
50 minutes, 51 minutes, 52 minutes, 53 minutes, 54 minutes, 55 minutes, 56 minutes, 57
minutes, 58 minutes, 59 minutes, 60 minutes, or more than 60 minutes. In some instances, UV-B
administration duration is in a range of about 0 hours to about 60 hours or about 5 hours to about
30 hours. In some instances, UV-B treatment is about 1 day, 2 days, 3 days, 4 days, 5 days, 6
days, 7 days, 8 days, 9 days, 10 days, 12 days, 14 days, 16 days, 18 days, 20 days, 24 days, 30
days, 32 days, 50 days, 72 days, or more than 72 days. In some instances, UV-B treatment is in a
range of about 1 day to about 30 days, about 2 days to about 25 days, about 4 days to about 20
days, about 6 days to about 18 days, or about 8 days to about 16 days. In some instances, UV-B
treatment is about 5 days to about 20 days or about 2 days to about 30 days. In some instances,
UV-B treatment is less than about 2 days. In some instances, UV-B treatment is more than about
30 days. In some instances, UV-B treatment is about 14 days.

[0071] UV-B administration may occur at a time before fruit is harvested. In some instances,
UV-B administration occurs before a flower opens. In some instances, UV-B administration
occurs before buds begin to form. In some instances, UV-B administration occurs before a first
pollen release. In some instances, UV-B administration occurs before fertilization. UV-B
administration may occur at a time before fruit biomass can be measured. Methods for
estimating fruit biomass includes, but are not limited to, measuring counts of fruits, measuring
counts of all stems of fruit producing plant material, and measuring land coverage of fruit
producing plant material. In some instances, UV-B administration occurs at least or about 1 day,
2 days, 3 days, 4 days, S days, 6 days, 7 days, 8 days, 9 days, 10 days, 12 days, 14 days, 16 days,
18 days, 20 days, 24 days, 30 days, 32 days, 50 days, 72 days, or more than 72 days before at
least one of a time that fruit is harvested, flowers are opened, buds begin to form, first pollen is
released, fertilization, and fruit biomass is measured. In some instances, UV-B administration
occurs at least or about 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8
weeks, or more before at least one of a time that fruit is harvested, flowers are opened, buds
begin to form, first pollen is released, fertilization, and fruit biomass is measured.

[0072] UV-B administration may be accomplished in a single dose. In some embodiments,
the UV-B administration is a single or multitude time point treatment. In cases of multitude
time point treatment, UV-B administration may be separated by any appropriate interval. In

some instances, UV-B administration is separated by intervals of less than, about, exactly or at
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least 1 minute, 2 minutes, 3 minutes, 4 minutes, 5 minutes, 6 minutes, 7 minutes, 8 minutes, 9
minutes, 10 minutes, 11 minutes, 12 minutes, 13 minutes, 14 minutes, 15 minutes, 16 minutes,
17 minutes, 18 minutes, 19 minutes, 20 minutes, 21 minutes, 22 minutes, 23 minutes, 24
minutes, 25 minutes, 26 minutes, 27 minutes, 28 minutes, 29 minutes, 30 minutes, 31 minutes,
32 minutes, 33 minutes, 34 minutes, 35 minutes, 36 minutes, 37 minutes, 38 minutes, 39
minutes, 40 minutes, 41 minutes, 42 minutes, 43 minutes, 44 minutes, 45 minutes, 46 minutes,
47 minutes, 48 minutes, 49 minutes, 50 minutes, 51 minutes, 52 minutes, 53 minutes, 54
minutes, 55 minutes, 56 minutes, 57 minutes, 58 minutes, 59 minutes, or 60 minutes. In some
instances, UV-B administration is separated by intervals of or less than, about, exactly or at least
1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 hours,
12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20 hours, 21
hours, 22 hours, 23 hours, 24 hours, 25 hours, 26 hours, 27 hours, 28 hours, 29 hours, 30 hours,
31 hours, 32 hours, 33 hours, 34 hours, 35 hours, 36 hours, 37 hours, 38 hours, 39 hours, 40
hours, 41 hours, 42 hours, 43 hours, 44 hours, 45 hours, 46 hours, 47 hours, 48 hours, 49 hours,
50 hours, 51 hours, 52 hours, 53 hours, 54 hours, 55 hours, 56 hours, 57 hours, 58 hours, 59
hours, 60 hours, or more than 60 hours.

[0073] In some instances, the method includes exposing the plant seedling or plant material
to cyclic exposure of UV-B light. For example, the UV-B exposure is provided as about 12
hours on, 12 hours off over a period of seven days. In some instances, the UV-B exposure is
provided as about 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8 hours, 9 hours,
10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19
hours, 20 hours, 21 hours, 22 hours, or 23 hours on and 1 hour, 2 hours, 3 hours, 4 hours, 5
hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, 15
hours, 16 hours, 17 hours, 18 hours, 19 hours, 20 hours, 21 hours, 22 hours, or 23 hours off. In
some instances, the UV-B exposure is for a period of at least or about 1 day, 2 days, 3 days, 4
days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days, or 14 days. In
some instances, the UV exposure is for a period of at least or about 1 week, 2 weeks, 3 weeks, 4
weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, or more. In another example, the UV-B exposure
may be provided 10 minutes per day for a week. It should be appreciated that different
conditions may suit different plant varieties and/or specific outcomes desired by the grower.
[0074] Cyclic exposure of UV-B light may comprise various numbers of cycles per day. In
some instances, the number of cycles per day is at least or about 50, 100, 150, 200, 250, 300,
350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, or more than 1000 cycles
per day. In some instances, the number of cycles per day is in a range of about 50 to about 100,

about 100 to about 900, about 200 to about 800, about 300 to about 700, or about 400 to about
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600 cycles per day. In some instances, the number of cycles per day is in a range of about 380 to
about 500 or about 250 to about 600 cycles per day. In some instances, the number of cycles per
day is less than about 250 cycles per day. In some instances, the number of cycles per day is
more than about 250 cycles per day. In some instances, the number of cycles per day is about
430 cycles per day. In some instances, the number of cycles per day is about 433 cycles per day.
[0075] In some instances, a regularity of light exposure varies. In some instances, the light is
enriched or supplemented using UV-B. In some instances, the light exposure is at least or about
20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320, 340,
360, 380, 400, or more than 400 seconds. In some instances, the light exposure is in a range of
about 20 to about 300, about 40 to about 200, about 60 to about 140, about 80 to about 100, or
about 90 to about 180 seconds. In some instances, the light exposure is less than 20 seconds. In
some instances, the light exposure is more than 300 seconds. In some instances, the light
exposure is about 130 seconds. In some instances, the light exposure is about 133 seconds.
[0076] Described herein are methods for administering UV-B to a plant material, wherein
the method includes maintaining the temperature in a range of about 12 °C to about 35 °C
during the treatment. In some instances, the temperature is maintained at least or about 5 °C, 6
°C,7°C,8°C,9°C,10°C, 11°C,12°C, 13°C, 14°C, 15°C, 16 °C, 17 °C, 18 °C, 20 °C, 22
°C,24°C,26°C,28°C,30°C, 32°C,34°C, 36°C, 38 °C, 40 °C, or more than 40 °C. The
temperature may be maintained in a range of about 5 °C to about 40 °C, about 10 °C to about 30
°C, or about 15 °C to about 25 °C. In some instances, the temperature is maintained to avoid
temperature damage to the seedlings during the treatment stage.
[0077] Various dosages of UV-B are contemplated herein. In some instances, the dosage is
in the range of about 0.01 kJ m™ to about 368 kJ m™. In some instances, the dosage is about 0.01
kI m%-368 kI m?, 0.1 kJ m™-300 kJ m™, 1 kJ m™-250 kJ m™, 10 kJ m™-200 kJ m™, 100 kJ m™-
150 kJ m™, 200 kJ m™2-300 kJ m™, 250 kJ m™-350 kJ m™, or 300 kJ m2-368 kJ m™. In some
instances, the dosage is in the range of about 0.1 to about 12 kJ m™. In some instances, the
dosage is about 13 kJ m™. The light treatment may be at a dose of about 13 kJ m™, exactly 13 kJ
m~, or at least 13 kJ m™. In some instances, the dosage is about 37 kJ m~. In some instances, the
dosage is about 69 kJ m~. In some instances, the dosage is about 78 kJ m™. In some instances,
the dosage is about 98 kJ m™. In some instances, the dosage is about 100 kJ m™. The light
treatment may be at a dose of about 100 kJ m™, exactly 100 kJ m™, or more than 100 kJ m™. In
some instances, the dosage is about 125 kJ m™. In some instances, the dosage is about 204 kJ m”
? The light treatment may be at a dose range of about 13 kJ m™ to 100 kJ m™. The UV-B can be
at a dose in a range of about 1 kJ m™2-1000 kJ m™, 10 kJ m™-800 kJ m™, 20 kJ m™-600 kJ m™,
30 kJ m™2-400 kJ m™, 50 kJ m™2-200 kJ m™, 100 kJ m2-150 kJ m™, 30 kJ m™2-60 kJ m™, or 150
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kJ m?-250 kJ m™. In some instances, the UV-B is in a range of 0 kJ m=2-20 kJ m?, 20 kJ m™2-40
kJ m?, 40 kJ m™2-60 kJ m?, 60 kJ m™>-80 kJ m™, or 80 kJ m™2-100 kJ m™.
[0078] Various irradiances of UV-B may be used. In some cases, the irradiance is in a range
of about 4x10” W cm™ s™ to about 1.3x10™* W cm™s™". The irradiance range can be at about
4x10° W em? s, exactly 4x10° W em™ s, or at least 4x10° W cm™ s In some cases, the
irradiance is in a range of about 1.3x10* W em™ s, exactly 1.3x10* W ecm™ s, or more than
1.3x10* W cm™s™. The irradiance range can be about 4x10”° W cm™s™-6x10° W em™s™, 6x10°
Wem?s!-8x10° W em™s™, 8x10° W em? s -1x107* W em™s™, or 1x10™ W em™s-1.5x107
W cm™ s™. Dosage may change in relation to treatment protocols such as hydration protocols.
[0079] In some instances, the irradiance of UV-B is at least or about 10, 12, 14, 16, 18, 20,
22,24, 26,28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54. 56, 58, 60, 62, 64, 66, 68, 70, 72,
74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100 or more than 100 umol cm™ s™. In some
instances, the irradiance of UV-B is in a range of about 15 to about 80, about 15 to about 25,
about 16 to about 24, or about 25 to about 40 umol cm™ s™. In some instances, the irradiance of
UV-B is lower than about 15 umol cm™ s™. In some instances, the irradiance of UV-B is more
than about 25 umol cm™ s In some instances, the irradiance of UV-B is more than about 80
umol cm™ s!. In some instances, the irradiance of UV-B is about 20 umol cm™ s, In some
instances, the irradiance of UV-B is about 30 umol cm™s™.
[0080] In some instances, when UV -B is co-administered with light of another
wavelength, UV-B is enriched as compared to the light of another wavelength. In some
instances, UV-B is enriched at least or about 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
60%, 70%, 80%, 90%, 100%, 125%, 150%, 175%, 200%, 225%, 250%, 275%, 300%, or
more than 300% more than the light of another wavelength. In some instances, UV-B is
supplemented. In some instances, UV-B is the predominant wavelength during light
administration. In some instances, UV-B comprises at least or about 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, 100% of light for light administration.
[0081] Described herein are methods for administering UV-B to a plant seedling or plant
material, wherein the method, in some embodiments, comprises administration of visible light in
the range of about 400 to about 800 nm. The visible light may be administered concurrently with
the UV light, or separately. In some cases, visible light is administered at about or up to 500
umol m™ s, In some instances, visible light is administered at about or up to 400 umol m™ s,
about or up to 300 umol m™ s™, about or up to 200 umol m™ s™, about or up to 100 umol m™s™,
about or up to 50 umol m™ 5!, or about or less than 50 umol m™ s™'. Often visible light is
administered at about 50 umol m™ s, In some cases, about 20 umol m™ s™" of visible light is

administered. Often the visible light can have a photon number in a range of 10 m™ s*-550 m™ s~
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L 20m?s"-500m™? s, 40 m? 5450 m? s, 45 m? 51400 m? s, 50 m? s"-350 mP s, 100
m? 1300 m™ s'l, or 100 m™ s*-200 umol m? s™.
[0082] Notably, visible light is not UV-light and therefore is distinguishable from prior art
treatments in Behn ef a/ and WO 2012/085336 which utilized both UV-B and UV-A in the
treatment. In some instances, inclusion of visible light helps prevents any DNA damage to the
plants. In some instances, inclusion of visible light helps the beneficial hardiness characteristics
obtained by the UV exposure to prevail.
[0083] Described herein are methods for administering UV-B to a plant seedling or plant
material, wherein the method, in some embodiments, comprises administration of blue visible
light. In some instances, blue visible light helps avoid possible deleterious effects of UV damage
to DNA. In some instances, blue light beneficial for photo-repair. In some instances, blue visible
light or blue light is administered or is peaking in a range of about 450 (£5 nm) to about 500 nm
or about 455 to about 492 nm. In some instances, blue visible light or blue light is administered
or is peaking at least or about 430 nm, 435 nm, 440 nm, 445 nm, 450 nm, 455 nm, 460 nm, 465
nm, 470 nm, 475 nm, 480 nm, 485 nm, or 490 nm. In some instances, blue visible light or blue
light is administered or is peaking in a range of 430 nm to 480 nm or 440 nm to 460 nm. In some
instances, blue visible light or blue light is administered or is peaking at about 450 nm. In some
instances, blue visible light or blue light is administered or is peaking at about 453 nm.
[0084] Irradiance of blue light includes, but is not limited to, 5, 10, 20 30, 40, 50, 60, 70, 80,
90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, or more
than 6000 umol m™ s™'. The irradiance of blue light may be in a range of about 5 to about 5000,
about 5 to about 2000, about 20 to about 800, about 40 to about 600, about 60 to about 400,
about 80 to about 200, about 30 to about 130, or about 33 to about 133 umol m™ s, In some
instances, the irradiance of blue light is about 60 umol m™ s™. In some instances, the irradiance
of blue light is about 66 umol m™s™.
[0085] Described herein are methods for administering UV-B to a plant seedling or plant
material, wherein the method, in some embodiments, comprises administration of red visible
light. In some instances, the benefits of red visible light are complementary effects on plant
growth, such as regulation of stem growth. Red visible light or red light may be administered or
1s peaking in a range of about 655 to about 680 nm, about 620 nm to about 690 nm, or about 640
nm to about 680 nm. In some instances, red visible light or red light is administered or is
peaking at 620 nm (+5 nm), about 630 nm, about 640 nm, about 660 nm, about 670 nm, about
680 nm, about 690 nm, about 700 nm, about 710 nm, about 720 nm, about 730 nm, about 740

nm, or about 750 nm (5 nm). In some instances, red visible light or red light is administered or
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1s peaking at about 660 nm. In some instances, red visible light or red light is administered or is
peaking at about 659 nm.
[0086] Irradiance of red light includes, but is not limited to, 5, 10, 20 30, 40, 50, 60, 70, 80,
90, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, or more
than 6000 umol m™ s'. The irradiance of red light may be in a range of about 5 to about 5000,
about 30 to about 3000, about 20 to about 800, about 40 to about 600, about 60 to about 400,
about 66 to about 266, about 70 to about 300, about 80 to about 200, or about 30 to about 130
umol m™ s, In some instances, the irradiance of red light is about 130 umol m™ s™. In some
instances, the irradiance of red light is about 133 umol m™s™.
[0087] Also, the treatment conditions may depend on the type of device that is utilized, as a
particular device may be particularly efficient at administering the UV light.
[0088] Various treatment conditions and combinations of treatments described previously
may be used. The treatment conditions may comprise, but are not limited to, treatment distance
from plant to light source (mm), speed of moving light source (mm/second), light source timing
cycles (regularity of each exposure, seconds), number of cycles per day, irradiance of UV-B
(umol cm™ s™), peak wavelength of UV-B, irradiance of red light (umol m™ s™"), peak
wavelength of red light (nm), irradiance of blue light (umol m™ s™), peak wavelength of blue
light (nm), and total days of treatment. In some instances, treatment conditions may comprise 1
condition, 2 conditions, 3 conditions, 4 conditions, more than 4 conditions, and permutations
and combinations thereof. For example, the treatment condition comprises various distances of a
light source to a plant material. In some instances, the distance from the plant material and the
light source is in a range of about S to about 200, about 10 to about 160, about 20 to about 140,
about 30 to about 120, or about 40 to about 60 mm. In some instances, the distance from the
plant material and the light source is about 50 mm. In some instances, the distance from the
plant material and the light source is about 70 mm. In some instances, the treatment condition
comprises movement of a light source. In some instances, the speed of a moving light source is
at least or about 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, or more than 200
millimeters per second (mm/second). In some instances, the speed of a moving light source is in
a range of about 5 to about 200, about 10 to about 160, about 20 to about 100, or about 40 to
about 60 mm/second. In some instances, the speed of a moving light source is about 53
mm/second. In some instances, the light source administers UV-B. In some instances, the
treatment condition comprises cyclic exposure of UV-B light. In some instances, cyclic
exposure of UV-B light comprises at least or about 50, 100, 150, 200, 250, 300, 350, 400, 450,
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, or more than 1000 cycles per day. In

some instances, the number of cycles per day is more than about 250 cycles per day. In some
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instances, the number of cycles per day is about 433 cycles per day. In some instances, the
treatment condition comprises administration of light enriched or supplemented with UV-B. In
some instances, the UV-B is administered or peaking in a range of about 280 nm to about 290
nm, about 280 nm to about 300 nm, about 280 nm to about 310 nm, about 280 nm to about 320
nm, about 290 nm to about 300 nm, about 290 nm to about 310 nm, about 290 nm to about 320
nm, about 300 nm to about 310 nm, about 300 nm to about 320 nm, or about 310 nm to about
320 nm. In some instances, the UV-B is administered or peaking in a range of 280 nm (£5 nm)
to 284 nm (£5 nm), 279 nm (£5 nm) to about 288 nm, about 289 nm to about 300 nm, or 286 nm
(£5 nm) to about 305 nm. In some instances, UV-B is peaking at 282 nm. In some instances,
UV-B is peaking at 292 nm. In some instances, the treatment condition comprises various
durations of UV-B treatment. In some instances, UV-B treatment is about 1 day, 2 days, 3 days,
4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 12 days, 14 days, 16 days, 18 days, 20
days, 24 days, 30 days, 32 days, 50 days, 72 days, or more than 72 days. In some instances, UV-
B treatment is in a range of about 1 day to about 30 days, about 2 days to about 25 days, about 4
days to about 20 days, about 6 days to about 18 days, or about 8 days to about 16 days. The
treatment condition may be light exposure. In some instances, the light exposure is at least or
about 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320,
340, 360, 380, 400, or more than 400 seconds. In some instances, the light exposure is in a range
of about 20 to about 300, about 40 to about 200, about 60 to about 140, about 80 to about 100, or
about 90 to about 180 seconds. In some instances, the light exposure is about 133 seconds. The
light exposure may comprise light enriched or supplemented with UV-B. In some instances, the
treatment condition comprises various irradiances of UV-B. In some instances, the irradiance of
UV-B s at least or about 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46,
48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92. 94, 96, 98,
100 or more than 100 umol cm™ s™. In some instances, the irradiance of UV-B is in a range of
about 15 to about 80, about 15 to about 25, or about 25 to about 40 umol cm™ s, In some
instances, the irradiance of UV-B is about 20 umol cm™ s™'. In some instances, the irradiance of
UV-B is about 30 umol cm™ s™. Treatment conditions may also comprise administration of at
least one of blue light and red light. In some instances, blue visible light or blue light is
administered or is peaking at least or about 430 nm, 435 nm, 440 nm, 445 nm, 450 nm, 455 nm,
460 nm, 465 nm, 470 nm, 475 nm, 480 nm, 485 nm, or 490 nm. In some instances, blue visible
light or blue light is administered or is peaking in a range of 430 nm to 480 nm or 440 nm to 460
nm. In some instances, blue visible light or blue light is administered or is peaking at about 453
nm. Irradiance of blue light includes, but is not limited to, 5, 10, 20 30, 40, 50, 60, 70, 80, 90,
100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, or more than
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6000 umol m™ s™. In some instances, irradiance of blue light is about 66 umol m™ s™. In some
instances, red visible light or red light is administered or is peaking at 620 nm (+5 nm), about
630 nm, about 640 nm, about 660 nm, about 670 nm, about 680 nm, about 690 nm, about 700
nm, about 710 nm, about 720 nm, about 730 nm, about 740 nm, or about 750 nm (£5 nm). In
some instances, red visible light or red light is administered at or is peaking at about 659 nm.
Irradiance of red light includes values of 5, 10, 20 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400,
500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, or more than 6000 umol m~ s™'. In
some instances, irradiance of red light is about 133 umol m™ s,

[0089] Application to different types of seedlings and plant materials

Application to a number of plant materials is consistent with the disclosure herein. Exemplary
plant materials subjected to treatments herein include plant seedlings or other materials, such as
runners, post-seedling plants, leaves, roots, shoot meristems, whole plant application, such as
whole plants grown hydroponically or aeroponically. In some cases plant material is selected
from the group consisting of fruit and vegetables. In some instances, the plant seedling or plant
material is selected from the group consisting of green lettuce, red lettuce, tomato, cucumber,
broccoli, herb crops, cannabis, strawberry and eggplant. In some instances, the plant material is
from at least one of tomato, strawberry, and cannabis. In some instances, the plant seedling or
plant material is a commercially important crop. The method may also be applicable to a wide
variety of other crop types without limitation.

[0090] Described herein are methods and devices for administration of light enriched or
supplemented with UV-B to a crop plant. In some instances, the crop plant is a fruiting plant. In
some instances, the crop plant is a plant in the family Rosaceae. In some instances, the Rosaceae
plant is of genus Fragaria. The crop plant may be of a species including, but not limited to,
Fragaria chiloensis, Fragaria daltoniana, Fragaria glauca, Fragaria iinumae, Fragaria
iturupensis, Fragaria moschata, Fragaria moupinensis, Fragaria nilgerrensis, Fragaria
nipponica, Fragaria nipponica yakusimensis, Fragaria nubicola, Fragaria orientalis, Fragaria
vesca, Fragaria virginiana, Fragaria viridis, Fragaria yezoensis, Fragaria x ananassa,
Fragaria x Comarum, and Fragaria x vescana. In some instances, the plant is a strawberry
plant. In some instances, the strawberry plant is at least one of a June-bearing, everbearing, and
day-neutral strawberry plant.

[0091] Methods and devices as described herein may be administered to a plant material. In
some instances, the plant material is a runner. In some instances, the plant material is a seed. In
some instances, the plant material is a seedling. In some instances, the plant material is a
growing plant that ahs developed past a seedling stage, such as through the development or

reliance upon post-embryonic tissues fro the majority of its photosynthesis.
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[0092] UV-B may be administered at a propagation stage of the plant material. In some
instances, the propagation stage comprises runners. In some instances, the propagation stage
comprises shoots. In some instances, the propagation stage comprises cuttings.

[0093] Various cultivation systems for use with methods and devices as described herein
may be used. For example, the plant material is grown in soil. In some instances, the plant
material 1s grown using hydroponics or aeroponics. Plants are grown in controlled greenhouse
conditions, such as conventional greenhouse conditions or vertical farming conditions.
Alternately, plants are grown outdoors.

[0094] Device

[0095] A number of devices are consistent with the implementation of the methods and
treatment recipes as disclosed herein. In some instances, the device has the ability to administer
a pre-defined UV dosage regime such as those described in the present application and wherein
parameters preferably used in the present disclosure may be easily adjusted and controlled.
[0002] In some instances, the device includes a moving conveyor which alters the relative
position of at least one light emitter and the target area during the treatment. In this way a large
number of plant seedlings may be conveniently and accurately treated during the treatment
phase as the conveyor moves the position of the light emitters.

[0096] In some instances, the device administers UV light according to the present
disclosure via light emitting diodes (LEDs).

[0097] In some instances, the device is configured to co-administer visible light with UV
light, which is beneficial for the reasons discussed above.

[0098] Some such devices are configured to administer various treatment conditions and
combinations of treatments as described herein. For example, the device controls at least one of
treatment distance from plant to light source (mm), speed of moving light source (mm/second),
light source timing cycles (regularity of each exposure, seconds), number of cycles per day,
irradiance of UV-B (umol cm™ s™), peak wavelength of UV-B, irradiance of red light (umol m™
s), peak wavelength of red light (nm), irradiance of blue light (umol m™ s™), peak wavelength
of blue light (nm), and total days of treatment.

[0099] In some instances, the device is configured to regulate or to hold its light source at a
fixed or otherwise determined distance of a light source to a plant material. In some instances,
the distance from the plant material and the light source is in a range of about 5 to about 200,
about 10 to about 160, about 20 to about 140, about 30 to about 120, or about 40 to about 60
mm. In some instances, the distance from the plant material and the light source is about 50 mm.

In some instances, the distance from the plant material and the light source is about 70 mm.
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[00100] In some instances, the device controls a movement of a light source. In some
instances, the speed of a moving light source is at least or about 20, 30, 40, 50, 60, 70, 80, 90,
100, 120, 140, 160, 180, 200, or more than 200 millimeters per second (mm/second). In some
instances, the speed of a moving light source is in a range of about S to about 200, about 10 to
about 160, about 20 to about 100, or about 40 to about 60 mm/second. In some instances, the
speed of a moving light source is about 50 mm/second.

[00101] Devices herein are configured to administer UV light, alone or in combination with
visible light, at a range of wavelengths consistent with wavelength disclosures throughout the
present disclosure, such as UV-B at or peaking in a range of about 280 nm to about 290 nm,
about 280 nm to about 300 nm, about 280 nm to about 310 nm, about 280 nm to about 320 nm,
about 290 nm to about 300 nm, about 290 nm to about 310 nm, about 290 nm to about 320 nm,
about 300 nm to about 310 nm, about 300 nm to about 320 nm, or about 310 nm to about 320
nm. In some instances, the UV-B is administered or peaking in a range of 280 nm (+5 nm) to
284 nm (5 nm), 279 nm (+5 nm) to about 288 nm, about 289 nm to about 300 nm, or 286 nm
(£5 nm) to about 305 nm. In some instances, UV-B is peaking at 282 nm. In some instances,
UV-B is peaking at 292 nm.

[00102] Devices herein are configured for continuous, single administration or regular
repeating light such as cyclic exposure of UV-B light. In some instances, cyclic exposure of UV-
B light comprises at least or about 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600,
650, 700, 750, 800, 850, 900, 950, 1000, or more than 1000 cycles per day. In some instances,
the number of cycles per day is more than about 250 cycles per day. In some instances, the
number of cycles per day is about 430 cycles per day.

[00103] Devices are often configured to administer a set duration of treatment. For example,
UV-B treatment is about 1 day, 2 days, 3 days, 4 days, S days, 6 days, 7 days, 8 days, 9 days, 10
days, 12 days, 14 days, 16 days, 18 days, 20 days, 24 days, 30 days, 32 days, 50 days, 72 days,
or more than 72 days. In some instances, UV-B treatment is in a range of about 1 day to about
30 days, about 2 days to about 25 days, about 4 days to about 20 days, about 6 days to about 18
days, or about 8 days to about 16 days. In some instances, the device controls light exposure. In
some instances, the light exposure is at least or about 20, 30, 40, 50, 60, 70, 80, 90, 100, 120,
140, 160, 180, 200, 220, 240, 260, 280, 300, 320, 340, 360, 380, 400, or more than 400 seconds.
In some instances, the light exposure is in a range of about 20 to about 300, about 40 to about
200, about 60 to about 140, about 80 to about 100, or about 90 to about 180 seconds. The light
exposure may comprise light enriched or supplemented with UV-B.

[00104] Devices as described herein may be configured to administer a specified dosage or

irradiance of light. For example, the device is configured to administer various irradiances of
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UV-B. In some instances, the irradiance of UV-B is at least or about 10, 12, 14, 16, 18, 20, 22,

24,26, 28. 30, 32, 34, 36, 38, 40, 42, 44 46, 48, 50, 52, 54, 56. 58, 60, 62, 64, 66, 68, 70, 72, 74,
76, 78, 80, 82, 84, 86, 88, 90, 92. 94, 96, 98, 100 or more than 100 umol cm™ s™'. In some
instances, the irradiance of UV-B is in a range of about 15 to about 80, about 15 to about 25, or
about 25 to about 40 umol cm™ 5™

[00105] The device may be configured to administer UV-B alone or UV-B in conjunction
with at least one of blue light and red light. In some instances, the blue light is administered or is
peaking at least or about 430 nm, 435 nm, 440 nm, 445 nm, 450 nm, 455 nm, 460 nm, 465 nm,
470 nm, 475 nm, 480 nm, 485 nm, or 490 nm. In some instances, blue light is administered or is
peaking in a range of 430 nm to 480 nm or 440 nm to 460 nm. In some instances, blue visible
light or blue light is administered or is peaking at about 450 nm. Irradiance of blue light
includes, but is not limited to, 5, 10, 20 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600,
700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, or more than 6000 umol m™ s™". In some
instances, red visible light or red light is administered or is peaking at 620 nm (£5 nm), about
630 nm, about 640 nm, about 660 nm, about 670 nm, about 680 nm, about 690 nm, about 700
nm, about 710 nm, about 720 nm, about 730 nm, about 740 nm, or about 750 nm (£5 nm). In
some instances, red visible light or red light is administered or is peaking at about 660 nm.
Irradiance of red light includes, but is not limited to, 5, 10, 20 30, 40, 50, 60, 70, 80, 90, 100,
200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000, 6000, or more than 6000
umol m?s™.

[00106] AMethods to quantify or predict hardiness and/or improved crop yield or quality
[00107] There are a range of methods that can be used to evaluate young plants, but that no
single and fully effective method currently exists, particularly as related to the use of UV light to
promote yield and/or quality in crops at harvest, as described herein.

[00108] Plant performance in plant material treated using methods as described herein may
result in improved plant performance as compared to the counterpart plant material that has not
been treated. In some instances, hardiness of the plant material is improved using methods as
described herein. In some instances, plant performance comprises at least one of flavonoid
levels, anthocyanin levels, size, dry weight, nitrogen index, shoot dry weight, shoot fresh
weight, shoot length, radical length, pigment production, leaf size, hypocotyl length, chlorophyll
level, leaf area, and root dry weight. In some instances, plant performance is yield. In some
instances, yield is at least one of fruit fresh weight, number of fruit harvested, Brix content, fruit
width, fruit length, leaf size, leaf surface area, dry weight, nitrogen content, shoot dry weight,
shoot fresh weight, root dry weight, vegetable development, yield of fruiting parts, weight of

fruiting parts, hardiness, and seed germination rate. In some instances, yield is fruit fresh weight.
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In some instances, yield is Brix content. In some instances, yield is number of fruit harvested. In
some instances, yield is branching. In some instances, yield is number of flowering parts.
[00109] In some instances, methods and devices as described herein result in improved yield
as determined by an increase in number of fruit harvested. In some instances, methods and
devices described herein result in at least or about 3000, 4000, 5000, 6000, 7000, 8000, 9000,
10000, 12000, 14000, 16000, 18000, 20000, 24000, 28000, 32000, 36000, 40000, 50000, 60000,
80000, 100000, or more than 100000 pounds of fruit harvested per acre. In some instances,
methods and devices described herein result in a range of about 3000 to about 100000, about
4000 to about 80000, about 6000 to about 60000, about 10000 to about 40000, or about 20000 to
about 30000 pounds of fruit harvested per acre. In some instances, methods and devices
described herein result in more than 50000 pounds harvested per acre. In some instances,
methods and devices described herein result in at least or about 3000, 4000, 5000, 6000, 7000,
8000, 9000, 10000, 12000, 14000, 16000, 18000, 20000, 24000, 28000, 32000, or more than
32000 trays per acre. In some instances, each try comprises about 9.5 pounds to about 10
pounds.

[00110] In some instances, methods and devices as described herein result in improved yield
as determined by an increase in average fruit biomass. In some instances, methods and devices
described herein result in at least or about 0.1, 0.2, 0.25, 0.3, 0.4, 0.5,0.6,0.7,0.8,0.9, 1.0, 1.25,
1.5,1.75,2.0,2.25,2.5,2.75,3.0,3.5,4.0, 5.0, or more than 5.0 pounds of fruit per foot of row.
In some instances, methods and devices described herein result in a range of about 0.1 to about
5.0, about 0.2 to about 4.0, about 0.3 to about 3.5, about 0.4 to about 3.0, about 0.5 to about 2.5,
or about 0.75 to about 2 pounds of fruit per foot of row. In some instances, the fruit is tomato,
strawberry, or cannabis. In some instances, the fruit is strawberry.

[00111] In some instances, yield is improved by a significant percentage when compared to a
counterpart plant material that has not been irradiated with a UV-B regimen disclosed herein.
Yield may be improved by about 5%-100%, 10%-90%, 20%-80%, 30%-70%, 40%-60%, 50%-
95%, 65%-85%, or 75%-95%. Yield may be improved by at least about 4%, 5%, 6%, 7%, 8%,
9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%. Yield may be
improved by at least or about 5%. Yield may be improved by at least or about 10%. Yield may
be improved by at least or about 30%. Yield may be improved by at least or about 50%.

[00112] Improved yield, in some instances, occurs following administration of light enriched
or supplemented with UV-B. In some instances, improved yield occurs at least or about 1 day, 2
days, 3 days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 12 days, 14 days, 16 days,
18 days, 20 days, 24 days, 30 days, 32 days, 50 days, 72 days, or more than 72 days following
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administration of light enriched or supplemented with UV-B. In some instances, improved yield
occurs at least or about 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8
weeks, 9 weeks, 10 weeks, 11 weeks, 12 weeks, or more than 12 weeks following administration
of light enriched or supplemented with UV-B.

[00113] Improved yield may be measured by resistance to infection. Infection may be caused
by organisms including, but not limited to, fungi, oomycetes, bacteria, viruses, viroids, virus-like
organisms, phytoplasmas, protozoa, nematodes and parasitic plants. In some cases, following
UV-B treatment of the plant material as described in the methods herein, yield is unaffected or
improved despite infections caused by such organisms. In some cases, following UV-B
treatment of the plant material as described in the methods herein, yield is improved despite
infections caused by such organisms as compared to non-UV-B irradiated plant material. In
some cases, yield is inspected for infections caused by such organisms. Often yield is inspected
for at least one of leaf disease, ear rot disease, stalk rot disease, and seeding and root disease.
[00114] In some instances, improved yield is measured by at least one of a reduction in
fertilizer, herbicide, insecticide, and pesticide use without affecting crop yield. Reduction to
fertilizer, herbicide, insecticide, or pesticide use may be determined by comparison to the
industry use for a crop over ten years, to the state-wide average, or the national average. The
reduction of fertilizer, use may be at least 5%. In some cases, the reduction of fertilizer is in the
range of about 5%-100%, 10%-90%, 20%-80%, 30%-70%, 40%-60%, 50%-95%, 65%-85%, or
75%-95%. In some instances, the reduction of herbicide use is at least 5%. In some cases, the
reduction of herbicide is in the range of about 5%-100%, 10%-90%, 20%-80%, 30%-70%, 40%-
60%, 50%-95%, 65%-85%, or 75%-95%. In some instances, the reduction of insecticide use is
at least 5%. In some cases, the reduction of insecticide is in the range of about 5%-100%, 10%-
90%, 20%-80%, 30%-70%, 40%-60%, 50%-95%, 65%-85%, or 75%-95%. In some instances,
the reduction of pesticide use is at least 5%. In some cases, the reduction of pesticide is in the
range of about 5%-100%, 10%-90%, 20%-80%, 30%-70%, 40%-60%, 50%-95%, 65%-85%, or
75%-95%.

[00115] Accordingly, UV-B supplementation or enrichment enables methods of growing
crops such that pesticide use, herbicide use, fertilizer administration, or water administration
may be reduced relative to untreated plant material without any concomitant decrease in yield.
In some cases, UV-B supplementation enables a substantial decrease in overall environmental
impact without decrease in crop yield.

[00116] Improvements yield may be determined by comparison of UV-B irradiated plant
material to non-UV-B irradiated plant material. In some instances, improvements in yield is

determined in the resultant crops from UV-B irradiated plant material that are compared to crops
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grown under similar conditions but from plant material that are not administered UV-B using
methods described herein. Similar conditions may be similar environment or similar growing
conditions. Environmental factors include, but are not limited to, sun exposure, temperature, soil
composition, soil moisture, wind, humidity, and soil pH. Growing conditions, include but are not
limited to, amount of watering, amount of pesticide, amount of herbicide, amount of insecticide,
duration of priming, duration of germination, and timing of sowing. In some instances, the
resultant crops are compared to crops grown at a same time. For example, the crops grown at the
same time are grown on an adjacent or nearby field. In some instances, the resultant crops are
compared to crops from a previous growing season. In some instances, a yield of the resultant
crops is compared to a comparable crop. In some instances, yield from a comparable crop is
referred to standard yield. In some instances, the comparable crop is a crop that is grown at a
same time or subject to similar growing conditions.

[00117] Improvements yield may be determined by comparison of a field comprising UV-B
irradiated plant material to a field comprising non-UV-B irradiated plant material. In some
instances, improvements in yield is determined in the resultant crops of a field from UV-B
irradiated plant material that are compared to a field comprising crops grown under similar
conditions but from plant material that are not administered UV-B using methods described
herein. Similar conditions may be similar environment or similar growing conditions.
Environmental factors include, but are not limited to, sun exposure, temperature, soil
composition, soil moisture, wind, humidity, and soil pH. Growing conditions, include but are not
limited to, amount of watering, amount of pesticide, amount of herbicide, amount of insecticide,
duration of priming, duration of germination, and timing of sowing. In some instances, the field
comprising UV-B irradiated plant material is compared to the field comprising non-UV-B
irradiated plant material grown at a same time. The fields may be adjacent fields or nearby
fields. The fields may be fields of comparable size. In some instances, the field comprising UV-
B irradiated plant material is compared to a field comprising non-UV-B irradiated plant material
from a previous growing season. In some instances, the field comprising UV-B irradiated plant
material is compared to a historical average of fields comprising non-UV-B irradiated plant
material. In some instances, the field comprising UV-B irradiated plant material is compared to
an expected average yield for a field comprising non-UV-B irradiated plant material. In some
instances, the expected average yield for a field is based on a national average. In some
instances, the expected average yield for a field is based on a historical average for a particular
growing region.

[00118] An exemplary method to evaluate the benefits of the disclosure is a “Hardiness

index” as described below in detail. This is an integrated method for assessing the response of
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seedlings to UV light, as related to key combined physiological changes in plants in response to
the treatment. In other words, the observation of several key physiological responses which have
occurred simultaneously is one indication that plants have responded to treatment in a manner
which should be beneficial for long term plant growth and subsequently improved crop yield
and/or quality.

[00119] It should be appreciated that seedlings of different crop type, variety, and growing
location may require amended hardiness indices, in order to fully assess hardiness in those
particular seedlings. Amendments to the hardiness index may include the integration of other
seedling or growing environment variables as required.

[00120] Hardiness index

[00121] Throughout this specification the term hardiness index is defined according to the

calculation provided below,

H=  SDW' SSLW . 1/SLA’
SoOWr SSLAN 175 AN

wherein:

H = Hardiness

SDW = Shoot dry weight

SSLW = Shoot specific leaf weight

SLA = Shoot leaf area

T = Treated plants; and

N = Non treated plants.
[00122] The shoot specific leaf weight (SSLW) defines the ratio of the dry weight of the leaf
per unit leaf area, whereas the term shoot leaf area (SLA) simply defines the leaf area.
[00123] Furthermore, it should be appreciated that the use of the “1/SLA” function may be
merely to provide a positive H value for ease of reference, and is not essential to the disclosure.
[00124] Without this 1/SLA function, the H value may be more difficult (but not impossible)
to comprehend in certain circumstances. This is because the H value may, in some cases,
decrease with improved hardiness. This result may arise when the plant’s shoot leaf area (SLA)
increases as a result of UV exposure according to the present disclosure. This increase in SLA
may be seen as an improvement to hardiness in some plant varieties.
[00125] Yet, in other plant varieties, UV treatment may lead to an increase in SLA, which
may actually increase hardiness in that variety. In such a case, it may be beneficial to adapt the

Hardiness index as shown below, such that the SLA is not 1/SLA.

o ~ ey T I 3 oy s T
H= 5 + S5V + SEA
SEWY S5V SEA
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[00126] Regardless, it is clear the hardiness index may be adapted and may be able to account
for these differences in plant varieties.

[00127] For instance, plant seedlings with a H value between 3.01 to 15 could be identified as
those which are displaying increased hardiness following treatment.

The lower H value of 3.01 reflects that each of the three values should display a value of over
equal to or over 1, reflecting a positive change to the plant seedling as a result of UV treatment.
Therefore, an H value of 15 represents a very significant improvement or prediction for plant
hardiness.

A range of H values between 3.01 to 15 is considered to be beneficial because this range
corresponds to overall plant characteristics that are more likely to withstand typical stresses in
the outdoor environment.

[00128] Even small increases in the H value may mean comparatively large increases in
relative hardiness characteristics. For example, an increase in the H value by 0.1, indicates a
10% increase in relative hardiness.

[00129] It should be appreciated that measuring the H value typically requires destruction of
the plant seedling. Therefore, individual test seedlings from a batch may be used to determine a
representative H value for the batch before selecting batches or individual plant seedlings from a
batch.

[00130] In some instances, hardiness comprises improved resilience following at least one of
heat, flood, drought, frost, unusual climate events, salinity stress, and high visible light stress. In
some instances, improved resilience in plant seedling or plant material UV-B irradiated
comprises ability to germinate despite exposure to stress. In some instances, the plant seedling
or plant material are inspected following at least one of heat, flood, drought, frost, unusual
climate events, salinity stress, and high visible light stress.

[00131] Hardiness in seedlings or plant material irradiated with UV-B may be increased by a
significant percentage when compared to counterpart seedlings or plant material that have not
been irradiated with a UV-B regimen disclosed herein. Hardiness may be increased by about
5%-100%, 10%-90%, 20%-80%, 30%-70%, 40%-60%, 50%-95%, 65%-85%, or 75%-95%.
Hardiness may be increased by at least about 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%,
14%, 15%, 16%, 17%, 18%, 19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%. Hardiness may be increased by at least or
about 5%. Hardiness may be increased by at least or about 10%. Hardiness may be increased by
at least or about 30%. Hardiness may be increased by at least or about 50%.

[00132] Additional methods to evaluate or predict hardiness and/or yield of crop at harvest

include, but are not limited to, relative growth rate, or “RGR” (change in growth parameter
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between a first and second time point, divided by days between time points, expressed relative to
original size at first time point (this is often used to measure the actual crop yield at the point of
harvest), incorporation of increases in leaf phenolic chemical content; incorporation of increases
in seedling photosynthetic health; and/or incorporation of reduction of seedling hypocotyl
length.

[00133] In some instances, methods treatments as described herein and the use of the
hardiness index and/or RGR are used to measure the beneficial outcomes in relation to hardiness
and/or subsequent increased crop yield or quality. In some instances, the methodology allows
mechanisms for selecting seedlings or related seedlings undergoing the same or similar UV
treatment for a subsequent growth phase or using a particular UV-dosage regime for subsequent
seedling treatments. For example, seedlings shown to first have an increased hardiness index
often then go on to provide an increase in crop yield and quality. Alternatively, subsequent
treatments may be fine-tuned depending on the RGR of preliminary trials to further improve
results.

[00134] Provided herein are methods comprising using UV-B in a specific wavelength range
to provide the beneficial results. In some instances, the method is seen to beneficially improve
crop yield and/or quality across a wide range of plants. In some instances, the method is seen to
increase seedling dry weight, increase in leaf weight or specific leaf weight and/or decreases in
leaf area. In some instances, the method also appears to protect the plants against stresses
including weather damage, disease and insect pest attack that may otherwise be detrimental in
vulnerable plants. In some instances, the method is seen to work well with a wide variety of

plants in preliminary studies.

Definitions

[00135] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as is commonly understood by one of skill in the art to which this disclosure belongs.
All patents and publications referred to herein are incorporated by reference.

[00136] As used in the specification and claims, the singular form “a”, “an” and “the”
includes plural references unless the context clearly dictates otherwise.

[00137] The term “including” is used to mean “including but not limited to.” “Including” and
“including but not limited to” are used interchangeably.

[00138] The term “comprising” or “comprise” as used herein is intended to refer to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>