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METHOD TO ENHANCE REPRODUCTIVE
PERFORMANCE IN POULTRY

Backeround of the Invention

The most abundant wavelengths found in sunlight and many artificial bright
light sources are those in the green-yellow portion of the spectrum, i.e., 520 nm to
575 nm. In modern poultry houses, artificial illumination may be the only source of
light provided to birds; thus, the duration, intensity, and quality of light become
important environmental factors, as light influences both reproductive and
productive systems in domestic fowl. Light quality can be defined by two criteria:
1) dose intensity, and 2) quality spectra (Andrews and Zimmerman, 1990). In birds
from subtropical and temperate latitudes, photostimulation increases egg production,
whereas a reduction in photoperiod delays or decreases production. In addition,
light intensity plays an important role in rearing birds, mainly because birds need a
certain light intensity to be photostimulated (North and Bell, 1990).

The avian eye, similarly to the human eye, is capable of seeing in a narrow
part of the light spectrum (up to 760 nm). Apart from the eyes, birds are equipped
with active extra-retinal photoreceptors, located in several parts of the brain, which
are involved in transduction of photostimulation. As photostimulation of birds is an
integral component of sexual maturation and reproductive performance, there have
been numerous reports on the effect of different sources (wavelengths) of light on
sexual maturation and reproductive performance in birds (see, for instance, Harrison
et al., 1970; Scott and Payne, 1937; Ringoen, 1942; Benoit, 1964; and Phogat et al.,
1985). For example, in studies using filtered light, increased growth of turkeys was
observed when turkeys were exposed to shorter wavelengths (Proudfoot et al., 1979;
Gill and Leighton, 1984; Levenick and Leighton, 1988), whereas sexual maturity
was stimulated with white or red, but not blue, light (Scott and Payne, 1937).
Schonberg (U.S. Patent No. 4,625,728) discloses that green light (400 to 600 nm)
increases the growth rate of very young chickens, including embryos, while near red

light (600 to 670 nm) induces maximal sexual development and may improve egg
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production. However, Jones et al. (1982) found that red light during the prebreeder
or breeder periods was not beneficial for egg production.

Siopes (1984a) found no differences in egg production, fertility, or poult
weight when hens were exposed to incandescent (IN) or full-spectrum fluorescent
(FL) light treatments or when exposed to cool-white or full-spectrum FL light
treatments, respectively (Siopes, 1984b). Felts et al. (1990) reported significantly
higher hen-day egg production only during the first 10 weeks of the production
period for females exposed to sodium vapor (SV) or daylight FL (DF) lights than for
those under IN lights. On the other hand, Hulet et al. (1992) found no significant
differences in egg production when hens were exposed to SV, DF, or IN lights.

Light intensity is also considered an important characteristic that relates to
egg production. In a study comparing filtered-red light with white light at 85 and
160 1x, Jones et al. (1982) found that at 85 1x, egg production was equal between
the two light sources. However, at 160 1x, hens exposed to white light had
decreased egg production over those hens exposed to 84 1x. Pyrzak and Siopes
(1986b; 1986¢; 1989) examined the effects of equalized (photons/cm?/second) blue,
green, and red light on egg quality and oviposition behavior. The authors found no
difference in oviposition rate or patterns, but found that red light caused hens to lay
heavier eggs with great quantities of albumen per egg. Pyrzak et al. (1987) report
that eggs laid under blue or green light were consistently larger then those laid under
red light (Pyrzak et al., 1987).

Siopes (1991) reported that light intensity from IN light ranging from 54 to
324 1x had no significant effect on reproductive performance of caged turkey hens.
Pyrzak and Siopes (1986a) relate that reproductive performance was not different
among turkey hens exposed to either IN, blue, green, or red light when the intensity
(photons/cm?) remained constant. Felts et al. (1992) disclose that in the presence of
a male, female breeder turkeys exposed to a fixed intensity with a DF light source
(peak 495-590 nm, green to yellow) or to a SV light source (peak 580 nm, yellow)
produced significantly more eggs than those under an IC light source (570 to 700
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nm, yellow to red). Rozenboim et al. (1998) exposed prelaying pullets to one of
three light treatments: 0.1 or 0.01 W/m* with LED lamps (560 nm, 660 nm or 880
nm) and 0.1 W/m? mini-fluorescent lamps. They report that a significant reduction
in egg production was found in the 880 nm group and that no differences inegg
production were found in other groups.

The reproductive efficiency of turkeys is generally low. Thus, turkeys are
one example of poultry where the need to enhance reproductive performance is
particularly high. One component of this low efficiency is the small amount of egg
laying, which is related to a variable propensity toward cessation of egg laying and
associated incubation behavior (broodiness). The term "broodiness" describes the
behavior a.nd physiological state associated with the maternal care of unhatched
eggs. The expression of broody behavior by turkey hens is a costly problem to
turkey breeders and producers of hatching eggs, resulting in a substantial loss of egg
production.

Thus, what is needed is a method to enhance the reproductive performance
of poultry, e.g., egg production in turkeys.

Summary of the Invention

The present invention provides a method to enhance (increase) reproductive
perforrhance in poultry. The method comprises exposing one or more poultry
during one or more photoperiods, e.g., a plurality of consecutive photoperiods, to
one or more light sources so as to enhance the reproductive performance of the
poultry. As described herein, retinal photoreceptors of poultry have their maximum
sensitivity in the green-yellow part of the spectrum, and these photofeceptors have
an inhibitory effect on the gonads. In contrast, the extra-retinal receptors of poultry
are stimulated by the red portion of the spectrum (for instance, greater than 630 nm),
while the green-yellow part of the spectrum has little or no stimulatory effect on
these receptors. Reproduictive efficiency in poultry is likely a function of the
relative activation or stimulation of extra-retinal photoreceptors and retinal

photoreceptors. Therefore, stimulation of the extra-retinal photoreceptors and the
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lack of stimulation or inhibition of the retinal photoreceptors together contribute to
reproductive performance.

Thus, the method of the invention comprises exposing one or more poultry
to one or more light sources that emit radiation at one or a plurality of wavelengths
(i.e., in a particular spectral region or “band” which does not represent the spectrum
emitted by white light) which stimulates gonadal development, preferably by
stimulating the extra-retinal receptors, i.e., radiation from 600 nm to 900 nm
(inclusive), and radiation at one or a plurality of wavelengths (a band which is not
the spectrum emitted by white light) which is not stimulatory or may inhibit gonadal

development, preferably by not stimulating or inhibiting the retinal receptors, 1.¢.,

“from 300 nm to less than 600 nm, each for a period of time so as to result in

enhanced reproductive performance in the poultry. Accordingly, the first
wavelength of light or band of light is selected as one or a plurality of wavelengths
which stimulate gonadal development of the poultry, whereas the second
wavelength of light or band of light is selected as one or a plurality of wavelengths
which does not stimulate, and may inhibit, gonadal development of the pouliry, i.e.,
the first and second wavelengths or bands are different, e.g., do not overlap. In one
embodiment, a single light source with one lamp is employed, e.g., two filters are
used in conjunction with the single lamp to provide the two desired bands or
wavelengths of light. In another embodiment, a single light source with at least two
lamps is employed, wherein one lamp is employed to emit the first b'and or
wavelength of light, and the other lamp is employed to emit the second band or
wavelength of light. In yet another embodiment of the invention, at least two light
sources are employed. In this embodiment, one light source emits the first band or
wavelength of light and a second light source emits the second band or waveléngth
of light.

The length of the first and second periods of time may be the same or
different. In one embodiment, the second period of time is shorter than the first

period of time. However, in some circumstances, it may be desirable to expose



10

15

20

25

WO 03/055300 PCT/US02/40317

pouliry, i.e., toms, to a band or wavelength of light which 1s not stimulatory or may
inhibit gonadal development for a period of time which is longer than the exposure
to a band or wavelength of light which is stimulatory to gonadal development.

Pouliry may be exposed to the different bands or wavelengths concurrently
or sequentially, in any order. Thus, poultry, during a particular photoperiod, may be
exposed to the first band or wavelength of light alone, then to both bands or
wavelengths of light, then to the first band or wavelength alone. Alternatively, the
poultry may be exposed to both bands or wavelengths of light simultaneously then
to the first band or wavelength of light alone, or to the first band or wavelength of
light then to both bands or wavelengths of light. In another embodiment, poultry,
e.g., toms, may be exposed to the second band or wavelength of light alone, then to
both bands or wavelengths of light, then to the second band or wavelength alone, or
exposed to both bands or wavelengths of light simultaneously then to the second
band or wavelength of light alone, or to the second band or wavelength of light then
to both bands or wavelengths of light. However, any combination of selected bands
or wavelengths, exposure periods and chronology of exposure of the two different
wavelengths or bands, may be employed so long as reproductive performance is
enhanced in treated poultry relative to untreated poultry. In one embodiment,
photostimulation of poultry with radiation substantially in the red portion of the
spectrum, preferably greater than about 630 nm, with limited radiation in the green-
yellow portion of the spectrum (preferably 520 nm to 575 nm), results in enhanced
reproductive efficiency.

In one preferred embodiment, one or more pouliry are exposed during one or
more photoperiods to at least two light sources. In any one photoperiod, pouliry are
exposed to the first light source which emits a first band or wavelength of light
which is stimulatory for gonadal development. Then the poultry are simultaneously
exposed to a second light source which emits a second band or wavelength of light
that is not stimulatory for gonadal development and the first light source. Finally,

the poultry are exposed to only the first light source.
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The invention further provides a method to enhance reproductive
performance in pouliry, e.g., turkeys. The method comprises exposing one or more
poultry during one or more photoperiods to a first light source which emits
substantially red light for greater than 13 hours and to a second light source which
emits substantially green-yellow light for less than 11 hours, wherein the poultry are
concurrently exposed to red light when they are exposed to green-yellow light. Also
provided is a method to enhance reproductive performance in poultry comprising
exposing one or more poultry during one or more photoperiods to a light source
which emits substantially red light for greater than 13 hours and emits substantially
green-yellow light for less than 11 hours, wherein the poultry are concurrently
exposed to red light when they are exposed to green-yellow light.

The invention further provides a method comprising exposing one or more
poultry during one or more photoperiods to a first light source which emits
substantially green-yellow light for greater than 13 hours and to a second light
source which emits substantially red light for less than 11 hours, wherein the poultry
are concurrently exposed to green-yellow light when they are exposed to red light.
Also provided is a method to enhance reproductive performance in poultry,
comprising exposing one or more poultry during one or more photoperiods to a light
source which emits substantially red light for greater than 13 hours and emits
substantially green-yellow light for less than 11 hours, wherein the poultry are
concurrently exposed to red light when they are exposed to green-yellow light.

In one preferred embodiment, the use of the method of the invention results

in egg production by hens that is enhanced by at least 5%, preferably at least 10%,

and even more preferably by at least 15%, relative to hens not subjected to the
method.

Brief Description of the Drawings

Figure 1 shows the effect of the exposure of a particular light spectrum on
egg production in turkeys.

Figure 2 shows the data in Figure 1 in graph form.
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Figure 3 show the spectrum transmitted using a primary green filter and a
bright red filter (see Example).

Detailed Description of the Invention

Definitions

As used herein, "enhanced or increased reproductive performance" of poultry
means that the method of the invention results in poultry having an increase, €.g., a
statistically significant increase, in the number of follicles, an increase in the rate of
egg production (for hens), an increase in ovulation (for hens), an increase in number
of eggs laid (for hens), an increase in egg mass (for hens), a decrease in (reduced)
broodiness (for hens), altered food intake, an increase in the onset of sexual
maturation, a decrease in agitated behavior (calmer poultry), an increase in clutch
size (for hens), a decrease in prolactin levels, an increase in lutinizing hormone (LH)
levels, an increase in follicle stimulating hormone (FSH), delayed onset of
photorefractoriness, an increase in sperm concentration (for toms), an increase in
semen volume (for toms), an increase in sperm quality (e.g., higher sperm viability,
higher sperm motility, an increased ratio of viable to non-viable sperm, fewer
abnormal cells, or enhanced binding of viable sperm to the periviteline membrane) ,
or any combination thereof, relative to control poultry. Enhanced reproductive
performance can be measured by methods known to the art. |

“Poultry” as used herein includes, but is not limited to, turkeys, chickens,
ostrich, cockatiels, game birds and water fowl, for instance, pheasant, geese and
ducks.

As used herein, a light source, e.g., a lamp, which “substantially” emits a
particular band or wavelength(s) of light is a light source in which more than 50%,
preferably more than 60%, and more preferably more than 80%, of the band or
Wa\}elength(s) that are emitted are of the specified band or wavelength(s). For
instance, a light source which emits substantially red light emits more. that 50%,
preferably more than 60%, and more preferably more than 80%, of the total light in
the red portion of the spectrum. The red portion of the spectrum is defined herein as
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wavelengths longer than about 610 nm, preferably longer than about 620 nm, and
less than about 730 nm, e.g., wavelengths of 630 nm to 720 nm. A light that emits
substantially green-yellow light is one in which more than 50%, preferably more
than 60%, and more preferably more than 80%, of the total light in the green-yellow
portion of the spectrum. The green-yellow portion of the spectrum is defined herein
as light of wavelengths from about 490 nm to less than 600 nm, preferably from
about 520 nm to about 575 nm.

I. General Methods of the Invention

The present invention provides a method to enhance the reproductive
performance of poultry. The method comprises exposing poultry to selected bands
or wavelengths of light for controlled periods of time so as to result in a desirable
phenotype, e.g., enhanced reproductive performance.

A specific embodiment of the present invention includes exposing one or
more poultry during one or more photoperiods to a first band or wavelength of light
for a first period of time and to a second band or wavelength of light for a second
period of time. The two bands or wavelengths are different. The first band or
wavelength is stimulatory for gonadal development, and preferably stimulates extra-
retinal photoreceptors. The first band or wavelength of light is from 600 nm to 900
nm (inclusive). In one embodiment, the first band or wavelength is from 620 nm to
730 nm, which includes a "near red" band width. This wavelength of light may also
calm poultry, which can result in lower morbidity and mortality, thereby providing a
great economic benefit in poultry management. Any light source which emits such a
wavelength preferentially, i.e., at least 50% of the light emitted by the light source is
a wavelength(s) that enhances gonadal development, can be employed in the
methods of the invention.

The second band or wavelength of light does not stimulate, and may inhibit,
gonadal development of the pouliry, e.g., the second band or wavelength is not
stimulatory for extra-retinal receptors but is recognized by retinal receptors. The

second band or wavelength of light is from 300 nm to less than 600 nm. Any light
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source which emits such a band or wavelength, i.e., at least 50% of the light emitted
by the light source is a wavelength that does not stimulate gonadal development.
For instance, a light source having 50% of its emission at wavelengths from 490 nm
to less than 600 nm is an exemplary light source for use in the methods of the
invention.

Thus, the use of the combination of the two bands or wavelengths during
prebreeder and/or breeder stages results in poultry with enhanced reproductive
performance.

II. Preferred Cycles of Dark and Light and Ratios of the Two Wavelengths

Generally, prior to reaching a proper body weight for sexual maturation,
poultry are exposed to periods of illumination each day that are shorter than normal
ambient light periods. Once poultry reach a proper body weight for sexual
maturation, the illumination period is drastically increased to periods that are longer
than normal ambient light periods; this induces maximal sexual development.

In the methods of the invention, prior to reaching a proper body weight for
sexual maturation, poultry may be exposed to any light source, e.g., to an
incandescent lamp without a filter or to two incandescent lamps, one with a filter
that yields light from 600 nm to 900 nm and the other with a filter that yields light
from 300 nm to less than 600 nm. For example, when employing two incandescent
lamps, one lamp has a red filter and the other with a green-yellow filter. Once
poultry reach a proper body weight for sexual maturation, the illumination period is
lengthened. In one embodiment of the invention, the poultry are exposed to the first
band or wavelength of light for a majority of the extended illumination period. The
poultry are also exposed to the second band or wavelength of light either before or
after, or simultaneously with, the first band or wavelength of light. In one
embodiment, the illumination period for the second wavelength of light is generally
shorter than the period for the first wavelength, e.g., at ratios of 1:1.5, 1:2, 1:2.5 or
1:3. In another embodiment, the poultry, e.g., toms, are exposed to the second band

or wavelength of light for a majority of the extended illumination period. The
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poultry are also exposed to the first band or wavelength of light either before or
after, or simultaneously with, the second band or wavelength of light. In this
embodiment, the illumination period for the first wavelength of light is shorter than
the period for the second wavelength of light, e.g., at ratios of 1:1.5, 1:2, 1:2.5 or
1:3.

For breeders, preferred dark to light periods include from 4 to 14 hours
preferably from 7 to 11 hours, and more preferably from 8 to 10 hours, of darkness,
and from 10 to 20 hours, preferably from 13 to 17 hours, and more preferably 14 to
16 hours, of light. Dark to light periods for prebreeders include 15 to 21 hours, and
preferably 17 to 19 hours, of darkness, and 2 to10 hours, and preferably 4 to 8 hours
of light.

II. Light Sources and Light Intensities

In the methods of the present invention, one or more light sources may be
employed. Thus, one light source, for instance a light source with two lamps, may
be used to emit both bands or wavelengths. The method of the present invention can
alternatively employ two, or more than two, light sources, each having one or more
lamps, to emit the different bands or wavelengths. The light source can comprise at
least one incandescent lamp, a fluorescent lamp, a high sodium vapor lamp or a light
emitting diode lamp, although the invention is not limited to those sources, as well
as combinations of light sources, and, if necessary, a means to filter the spectrum of
wavelengths which are emitted. In one specific embodiment of the invention, two
light sources are employed, each of which comprises an incandescent lamp, one of
which comprises a red filter and the other of which comprises a green-yellow filter.

The light intensities which may be employed in the methods of the invention
include but are not limited to 0.001 W/m? to 100 W/m?, preferably 0.01 W/m? to 50
W/m?, or 0.05 W/m” to 5 W/m? or or 0.1 W/m? to 1 W/m?.

The invention will be illustrated by the following non-limiting example.

Example

Retinal photoreceptors of poultry have their maximum sensitivity in the

10
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green-yellow part of the spectrum. These photoreceptors have an inhibitory effect
on the gonads. Removal of the eyes and the retinal photoreceptors eliminates this
inhibition and prevents gonadal regression. The extra-retinal receptors of poultry
are efficiently stimulated by the red portion of the spectrum (for instance, greater
than 630 nm), while the green-yellow part of the spectrum has little or no
stimulatory effect on these receptors. Thus, reproductive efficiency in poultry is
likely a function of the relative stimulation of the extra-retinal photoreceptors and
the retinal photoreceptors.

Materials and Methods

Turkeys were housed in rooms with 8' x 8' pens. Large white female turkeys
of the Nicholas strain were used. The hens were raised under incandescent lamps
(60W) with a lighting program of 14 hours of light daily up to 17 weeks of age. At
that time, the birds were divided into two groups and subjected to 6 hours of light
and 18 hours of darkness. One group was exposed to incandescent lamps (60 W,
0.1 W/m?) for those 6 hours while the second group was exposed to incandescent
lamps covered with red filters (red band, > 630 nm, Lee filter #026 (HT), Gopher
State Lighting, Mpls., MN), and incandescent lamps covered with green filters
(green-yellow band, 520 nm to 575 nm, Lee filter #139 (HT), Gopher State Lighting,
Mpls., MN).

At 29 weeks of age, the birds were divided into the following three treatment
groups:

1) 15 hours of incandescent light (full spectrum), 9 hours of darkness;

2) 15 hours of green-yellow light, 6 hours of which included simultaneous
exposure to red light (green-yellow:red = 2.5:1), 9 hours of darkness; and

3) 15 hours of red light, 6 hours of which included simultaneous exposure to
green-yellow light (green:red = 1:2.5), 9 hours of darkness.

Egg production as well as nesting activity was monitored and blood samples
drawn for each group for a complete breeder season of 24 weeks or more. The

levels of reproductive hormones, e.g., prolactin and leutinizing hormone, in the

11
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blood were measured. At the end of the season, birds are sacrificed and pituitary
LHP and FSHP, and hypothalamic VIP, mRNA levels were determined.
Results

Birds that were photostimulated with a light spectrum dominant in red over
green-yellow light (treatment 3) laid more eggs than hens exposed to a light
spectrum dominant in green-yellow over red light (treatment 2), regardless of
whether or not egg production was stimulated with VIP (Figures 1 and 2). The
average number of eggs per hen per week for VIP immunized hens for the weeks
during which the hens produced eggs was 4.23 eggs/hen/week for hens exposed to
light with dominance in the red band, and 1.34 eggs/hen/week for hens exposed to
light with dominance in the green-yellow band. Hens photostimulated with white
light had intermediate egg production (3.66 eggs/hen/week). The intermediate level
of egg production observed with incandescent light is likely the result of the full
spectrum of light produced by incandescence lamps, which includes red and green-
yellow light. It was also observed that birds photostimulated with a light spectrum
dominant in red over green-yellow had decreased broody behavior.

Thus, the reproductive performance of both male and female birds can be
enhanced by increasing the amount of light in the red band (> 630 nm; 15 hours for
turkeys) and limiting the amount of light in the green-yellow bands (520-575 nm; 6
hours for turkeys). However, male birds may show enhanced reproductive
performance when the ratio of exposure of green-yellow to red light is >1.0, e.g.,
1.25, 1.5, 2.0, 2.5, 2.75, 3.0 or greater. Any light (lamp) source may be employed in
the methods of the invention, e.g., monochromatic light bulbs or LED lamps, or one
which emits red or green-yellow light in addition to other wavelengths, e.g.,
incandescent, high sodium vapor or fluorescent lamps, when that light source is

employed with a filter, e.g., a red or green-yellow filter.
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WHAT IS CLAIMED IS:

1. A method to erthance reproductive performance in poultry, comprising:
exposing one or more poultry during one or more photoperiods to one or
more light sources so as to enhance the reproductive performance of the
poultry,

wherein the one or more light sources emit a first wavelength of light
for a first period of time, which first wavelength of light is stimulatory for
gonadal development of the poultry, and a second wavelength of light for a
second period of time, which second wavelength of light is not stimulatory
for gonadal development of the poultry, wherein the first and the second
wavelengths are different, wherein the second period of time is different than
the first period of time, and wherein the poultry are exposed to both

wavelengths of light during the second period of time.
2. The method of claim 1 wherein the poultry are males.

3. The method of claim 1 wherein the poultry are females.

4. The method of claim 1 wherein the poultry are turkeys.

5. The method of claim 1 wherein the poultry are chickens.
6. The method of claim 1 wherein the first wavelength is greater than 620 nm.
7. The method of claim 1 wherein the first wavelength is greater than 620 nm

and less than 730 nm.
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10.

11.

12.

13.

14.

15.

16.

17.

The method of claim 1 wherein the second wavelength is greater than 490

nm and less than 600 nm.

The method of claim 1 wherein one light source is employed to emit both

wavelengths.

The method of claim 9 wherein the light source comprises at least one

incandescent or fluorescent lamp with a filter.

The method of claim 9 wherein the light source comprises at least one high

sodium vapor lamp with a filter.

The method of claim 9 wherein the light source comprises at least one light

emitting diode lamp.

The method of claim 1 wherein two light sources are employed to emit the

different wavelengths.

The method of claim 13 wherein at least one of the light sources comprises

an incandescent or fluorescent lamp with a filter.

The method of claim 13 wherein at least one of the light sources comprises a

high sodium vapor lamp with a filter.

The method of claim 13 wherein at least one of the light sources comprises a

light emitting diode lamp.

The method of claim 13 wherein one of the light sources emits substantially

red light.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

The method of claim 13 wherein one of the light sources emits substantially

green light.

The method of claim 1 wherein the first period of time is greater than 13

hours.

The method of claim 1 wherein the second period of time is less than 11

hours.

The method of claim 1 wherein the first period of time is 14 hours or more.

The method of claim 1 wherein the second period of time is 10 hours or less.

The method of claim 2 wherein the males have enhanced semen volume or

quality.

The method of claim 3 wherein the females have enhanced egg production or

enhanced egg mass.

The method of claim 24 wherein egg production is enhanced by at least 10%.

A method to enhance reproductive performance in poultry, comprising:
exposing one or more poultry during one or more photoperiods to at least
two light sources so as to enhance the reproductive performance of the
poultry,

wherein a first light source emits a first wavelength of light for a first
period of time, which first wavelength of light is stimulatory for gonadal

development of the poultry, wherein a second light source emits a second
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27.

28.

29.

30.

wavelength of light for a second period of time, which second wavelength of
light is not stimulatory for gonadal development of the poultry, wherein the
first and the second wavelengths are different, wherein the second period of
time is different than the first period of time, and wherein the poultry are

exposed to both wavelengths of light during the second period of time.

The method of claim 1 or 26 wherein the second period of time is shorter

than the first period of time.

A method to enhance reproductive performance in poultry, comprising:
exposing one or more pouliry during one or more photoperiods to a first light
source which emits substantially red light for greater than 13 hours and to a
second light source which emits substantially green-yellow light for less than
11 hours, wherein the pouliry are concurrently exposed to red light when

they are exposed to green-yellow light.

A method to enhance reproductive performance in poultry, comprising:
exposing one or more poultry during one or more photoperiods to a light
source which emits substantially red light for greater than 13 hours and emits
substantially green-yellow light for less than 11 hours, wherein the poultry
are concurrently exposed to red light when they are exposed to green-yellow

light.

A method to enhance reproductive performance in poultry, comprising:
exposing one or more pouliry during one or more photoperiods to a first light
source which emits substantially green-yellow light for greater than 13 hours
and to a second light source which emits substantially red light for less than
11 hours, wherein the poultry are concurrently exposed to green-yellow light

when they are exposed to red light.
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31

32.

33.

A method to enhance reproductive performance in poultry, comprising:
exposing one or more pouliry during one or more photoperiods to a light
source which emits substantially green-yellow light for greater than 13 hours
and emits substantially red light for less than 11 hours, wherein the poultry
are concurrently exposed to green-yellow light when they are exposed to red

light.

The method of claim 28 or 29 wherein the ratio of exposure of substantially

red light to substantially green-yellow light is greater than 1.25:1.

The method of claim 30 or 31 wherein the ratio of exposure of substantially

green-yellow light to substantially red light is greater than 1.25:1.
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EFFECT OF LIGHT SPECTRUM ON EGG PRODUCTION
+ AVG. EGGS/HEN/WK

CWEEK WHITE GREEN RED
KtH , VIP KLH VIP KLH VIP

1 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00  0.00 0.00
3 0.91 0.31 0.00 0.03 0.35 0.38
~ 4 4,82 3.1 0.00 0.10 3.97 3.35
S 5.29 5.04 0.38 0.19 5.69 4.97
6 3.19 2.03 0.88 0.50 5.79 4.85
7 5.00 505- 085 - 0.88 5.32 5.29
8 3.91 4.53 1.23 0.82 4.53 4.75
9 3.19 4.40 1.38 091 463 4.63

10 338 389 144 097 422 416
11 - 363 403 1.84 . 106 428 444
12 322 393 155  1.07 394 432
13 303 387 176, 1.09 419 454
14 204 378 175 109 419 419
15 313 410 168  1.35 391 463
TOTAL EGG/WK

AVG. 366 393 134 077 423 419

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 03/055300

EGGS/HEN/WEEK

PCT/US02/40317
2/3

EFFECT OF LIGHT SPECTRUM ON EGG PRODUCTION
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