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Abstract

Lighting is a complex management tool in turkey production, controlled by three parameters;

daylength, intensity, and chromaticity. As light-emitting diodes (LED) increase in popularity

as alternatives to traditional light sources, research regarding LED impacts on commercial-type

turkey production is lacking. Therefore, turkey hens of the same strain were reared under ex-

perimental brooding and grow-out conditions with six lighting treatments. An environmentally

and light controlled facility (ECF) consisted of 5,000 Kelvin (K) LED or 5,000K + far-red LED

(639nm) (RED) with either 12h short or 18h long daylength to test LED spectra. In the remaining

treatments, hens were exposed to sunlight in a curtain-sided facility (CSF) as two treatments 1)

natural decreasing daylength from September to November (NAT) or 2) natural daylight + 5,000

K LED lighting with an 18h long blocked daylength (BLK). The intensity was 9 footcandles in

the ECF and naturally fluctuating in the CSF. Hen’s performance was evaluated at 5, 9, and 14

weeks for eye development and feather coverage. Hens brooded and grown-out under NAT light

had significantly increased body weight gain compared to BLK hens for the same period. Hens

reared with RED LED spectrum had significantly increased eye anterior-posterior distance than

birds raised in the NAT treatment. A significant reduction in red heat signature on the breast

tissue in the NAT treatment compared to all other 18h treatments indicated improved feather

coverage. However, these same results were not observed during serum thyroid hormone analy-

sis. While turkey hens reared under different lighting programs had similar ending performance,

lighting parameters significantly affected bird performance during the growing period, bird’s eye

development, and body feather coverage. Therefore, potential effects on growth patterns and

physiology should be considered when choosing a LED lighting program for turkeys.
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Introduction

Artificial light sources are critical in managing poultry
reared in environmentally controlled buildings (Blatch-
ford et al., 2009). In addition, early life experiences can
affect bird well-being and impact performance (Dixon
et al., 2016). Lighting regimens include three main
parameters: daylength, intensity, and chromaticity
(wavelength or color temperature), which can poten-
tially modify physiology, behavior, performance, and
the welfare status of the bird (Blatchford et al., 2009,
2012; Marchewka et al., 2013; Archer and Mench, 2014;
Parvin et al., 2014b,a).

Eyes are the most developed sensory organs of poul-
try, which is strongly influenced by lighting (Lewis and
Gous, 2009), and the effects of light wavelengths have
been studied in several poultry species, including chick-

ens, quail, turkeys, geese, and ducks (Çapar Akyüz
and Onbaşilar, 2018). Birds possess four cone sensi-
tive droplets residing at the 415 nm (violet), 460 nm
(blue), 510 nm (green), and 580 nm (yellow-orange)
electromagnetic wavelengths (Lewis and Morris, 2000)
in addition to being able to perceive light in the
ultraviolet range (Huth and Archer, 2015). There-
fore, research has been focused on lighting parame-
ters with traditional light sources in chickens (Buyse
et al., 1996; Zupan et al., 2007; Alvino et al., 2009;
Blatchford et al., 2009; Deep et al., 2010; Schwean-
Lardner et al., 2012, 2013; Archer and Mench, 2014;
Huth and Archer, 2015; Olanrewaju et al., 2015a,b;
Zhang et al., 2016; Rodrigues et al., 2018), turkeys
(Siopes et al., 1983, 1984; Vermette et al., 2016b,a;
Leis et al., 2017), duck (Archer et al., 2017), and quail
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(Retes et al., 2017). However, the information regard-
ing light-emitting diodes (LED) as light sources for
poultry production is limited (Archer, 2018).

The use of LED bulbs in chicken production is in-
creasing since they possess a long life, contain specific
wavelengths (Olanrewaju et al., 2015a), and have vari-
ous features, making them sustainable for management
options (dimmable, range in wattage, and color spec-
ifications). Overall, this added potential for increased
benefits to the poultry industry by lowered energy costs
and increased returns in poultry productivity. For ex-
ample, cool hued (blue) LED lights have been hypoth-
esized to decrease stress and promote growth due to in-
creased blue and green wavelength emittance in chick-
ens (Abdo et al., 2017; Yang et al., 2018). Lighting
studies involving novel monochromatic or mixed LED
lights have been conducted in quail (Retes et al., 2017),
broilers (Abdo et al., 2017; Cao et al., 2008; Parvin
et al., 2014b,a; Huth and Archer, 2015; Olanrewaju
et al., 2015a,b; Archer, 2018), and layers (Liu et al.,
2018; Tünaydin and Yilmaz Dikmen, 2019a,b).

However, very little research has been published
on the effects of LED lighting parameters in turkeys,
regardless of monochromatic or mixed LED spectra.
Daylength has been shown to significantly impact the
size and shape of eyes in turkeys (Schwean-Lardner
et al., 2016). Leis et al. (2017) reported that 18
wk old turkeys grown under long daylength (23h)
with 100W incandescent lights had significantly elon-
gated anterior-posterior diameter (APD) compared to
birds reared under 14h daylength. Although turkeys
and broilers respond differently to lighting regimens
(Schwean-Lardner et al., 2016), in the United States,
many management decisions for turkeys are often
based on information gained from broiler experiments.
Therefore, it is useful to conduct research on LED light-
ing implications in turkeys.

Feather coverage can be affected by injurious
feather pecking and cannibalism, which are concerns
in poultry production regarding animal welfare and
production economics (Dalton et al., 2013; Marchewka
et al., 2013; Hewlett et al., 2014). Previously re-
searchers have measured a decrease in feather pecking
associated with daylengths of 18h or longer in turkeys
(Schwean-Lardner et al., 2016; Vermette et al., 2016b).
Likewise, it has been reported that the type of light
significantly affects the degree to which turkeys peck
and pull feathers (Denbow et al., 1990); however, there
has been little research conducted on the effect of LED
lighting on feather development (Leeson and Walsh,
2004).

Incandescent lights have a higher percentage of red
wavelengths than fluorescent lights with 70% red light
versus 10% red light, respectively. It has been hypothe-
sized that birds perceive dimmer fluorescent lights than
incandescent lights (Dalton et al., 2013). Since LED
and fluorescent bulbs are similar in that they emit spe-
cific wavelengths, bird feather coverage may be altered
due to behavioral and lighting alterations. Many fac-
tors can affect feather development, including genetics
and hormones (Lucas and Stettenheim, 1972).

Photorefractoriness, termination of reproduction,
and maintenance of the annual reproduction cycle (in-
cluding molting) under long daylength have been in-
vestigated by measuring feather coverage, thyroid hor-
mones, and prolactin levels (Lien and Siopes, 1993).
Increased thyroid hormone ratio to estrogen is related
to feather formation and regeneration (Leeson and
Walsh, 2004). Feather pecking in turkeys is reduced
under long daylengths (Schwean-Lardner et al., 2016),
indicating that decreasing daylength may cause poor
feather quality on turkey hens grown for meat produc-
tion. Furthermore, as technology has evolved, infrared
(IR) thermography has been used to assess laying hen
feather coverage as an objective noninvasive measure-
ment (Zhao et al., 2013).

It was hypothesized that birds exposed to longer
daylength and lighting treatments with increased red
spectrum would improve feed efficiency, alter eye devel-
opment, and increase thyroid hormones corresponding
with greater feather coverage. Therefore, the objec-
tives of this study were to determine the effects of LED
lighting daylength and color temperature on perfor-
mance, eye development, and feather coverage of com-
mercial type turkey hens grown to 14 wk. Objective
measurements for feather coverage consisted of thyroid
hormone levels and infrared imaging of the breast tis-
sue.

Materials and Methods

Animal care

All animal handling procedures used in this study were
based on the guidelines described in the Ag Guide 3rd

Edition (2010) and were approved by the Institutional
Animal Care and Use Committee at North Carolina
State University. All husbandry and euthanasia pro-
cedures were implemented by trained individuals with
full consideration for the animal’s welfare. All birds in
all rooms and pens were observed several times each
day. All mortalities and culls were observed for cause,
including potential injurious pecking and cannibalism.

Housing systems

Large White, commercial-type female turkeys (2,000
poults, Nicholas Select, Aviagen Turkeys Inc., Lewis-
burg WV) were reared using five different lighting
treatments and compared to birds reared using nat-
ural light, which served as the control in this study.
Hen poults were obtained on the day of hatching from
a commercial hatchery and, as such, were beak and
toe conditioned per the United States turkey industry
standards. This study was conducted in two different
facilities that were necessary to provide the different
lighting programs using either LED or natural lighting
or a combination of both during the production pe-
riod.

Birds reared using only LED lighting treatments
with no natural lighting were housed in an environ-
mental and light controlled facility (ECF) with 16 en-
closed rooms (13 m2/room). Each room was equipped
with total light and ventilation control. Each room was
furnished with a variable speed fan, fitted with a light
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trap to block any outside light from penetrating into
the room.

Two light-proof and gravity-fed air inlets were lo-
cated on the interior wall of each room to provide fresh
air. Direct spark ignition, propane brooders, and two
digital thermostats were fitted in each room to regu-
late ambient temperature. In case of power failure, an
alarm system was present to monitor electric power,
high and low temperatures, static pressure, and water
pressure. A backup generator was available but was
not needed. Humidity was monitored, and the tem-
perature was regulated through heat and ventilation
controls. Ventilation was adjusted by regulating the
fan speed and cycle based on bird comfort and bird age.
All hens exposed to natural light or a combination of
LED and natural light were reared in a curtain-sided
facility (CSF). This study was conducted at the Talley
Turkey Education Unit (Raleigh, NC, USA) during the
autumn season from September to November to create
a natural decreasing daylength.

This facility was divided into two halves, separated
by a garage door which served as a barrier for natu-
ral light and LED treatments. In the CSF, 48 pens
were measuring 8.4 m2/pen, 24 pens per CSF half.
Of these, four pens per end were used from 0-5 weeks
(wk), with the remaining pens being used from 5-14 wk
based on the experimental design outlined for light-
ing treatments. This facility was also equipped with
forced air ventilation and opaque, manually adjusted
curtains on each side of the facility. Therefore, venti-
lation was a combination of forced air ventilation and
curtain adjusted, natural ventilation depending on the
needs of the birds. In the CSF, the heat was provided
by propane, forced air heaters in the hallway, and ther-
mostatically controlled heat lamps in each pen. The
heat lamps in each pen were provided for 2 wk. Hu-
midity naturally fluctuated based on outside weather
and inside temperature.

Experimental design

Hens housed in the environmentally controlled facil-
ity were placed into light-tight rooms consisting of
5,000 Kelvin (K) LED with either 12h short or 18h
long daylength (5KS 5KL, respectively) or 5,000 K
+ far red (639 nm) LED with either 12h short or 18h
long daylength (FRS FRL, respectively). The remain-
ing treatments consisted of rearing birds under natural
light with decreasing daylength (NAT) or natural day-
light + blocked 5,000 K LED lighting with an 18h long
daylength (BLK) in the CSF. Treatments 1-4 were ran-
domly applied throughout the ECF, while treatments
5 and 6 were placed on opposite ends of the CSF. The
LED spectroradiometer (UPRtek MK350S Premium,
Gamma Scientific, San Diego, USA) was used to de-
termine wavelength output between 380 nm and 780
nm in addition to footcandles measurements.

Constant (continuous) lighting for the first 72h af-
ter poult placement was used to facilitate eating and
drinking, which is not uncommon in commercial turkey
production. For LED treatments in the ECF, lighting
was continuous before starting timed light cycles on

day 3. Time clocks were used to maintain daylength
in pens for 12h (7AM – 7PM) or 18h (7AM - 1AM),
and light intensity in all pens was adjusted to 9 foot-
candles throughout the entire trial in the ECF. Hens
located in the NAT treatment within the CSF were ex-
posed to incandescent light for the first 72h since these
bulbs give a similar spectrum to natural light. Hens
in the BLK treatment in the CSF were exposed to 72h
of 5,000K LEDs in addition to natural light during the
day through the curtain-sided walls.

Stocking density and bird movement at 5 weeks of
age

Placement values between the two facilities differed
based on pen and room size. In the ECF, 100 poults
were placed in each room on the day of hatching
with four replicates per lighting treatment (SD = 0.13
m2/bird), and in the CSF, 25 hens were placed into
pens with four replicates per lighting treatment (SD =
0.34 m2/bird). Industry standard stocking densities for
younger birds do not have negative impacts since birds
can freely move through pens, as reported by Beaulac
et al. (2019) and Bartz et al. (2020). However, main-
taining similar stocking density across treatments was
considered knowing that for older birds, such as those
greater than 5 wk of age, stocking density may become
a significant factor for bird performance (Bartz et al.,
2020).

Therefore, replicates of birds were subdivided at 5
wk of age to 1) mimic bird movements between brood-
ing and grow-out phases into separate buildings, which
is common in the turkey industry, and 2) decrease bird
numbers in each pen to keep stocking density similar
between pens and facilities. Stocking density from 5–14
wk ranged from 0.31 m2/bird to 0.37 m2/bird depend-
ing on the housing system (Figure 1 and Figure 2).

Performance measurements

All hens were fed typical commercial type turkey soy-
bean meal, corn, and wheat-based diets milled by the
North Carolina State University Feed Mill Education
Unit (Raleigh, NC) with allocations calculated on a
feed weight per bird basis in the four feed phases
(Table 1). The feed phases with calculated nutri-
ents therein, starter 1, starter 2, grower 1, and grower
2, were provided based on breeder recommendations.
The starter diets were pelleted and crumbled, while
the grower diets were pelleted. Feed allocation was
adjusted for mortalities and culls removed from the
study. Performance measurements were conducted at
5, 9, and 14 wk.

Birds were weighed by pen at placement (0 day)
and individually weighed after that. Feeders plus un-
consumed feed were weighed to calculate feed usage,
presented as intake (FI). Feed conversion ratio (FCR)
was calculated by room or pen depending on the facil-
ity, including body weight (BW) of culls and moralities.

Triiodothyronine analysis and eye measurements

Serum was collected from the brachial vein (6
birds/pen ECF and 3 birds/pen CSF) and stored at
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Table 1: Composition of diets fed to turkey hens until 14 weeks of age

Ingredients (%) Starter 1 Starter 2 Grower 1 Grower 2

Soybean meal 48 33.4 26.3 20.0 18.0

Corn 23.6 32.1 38.8 40.5

Wheat 20.0 20.0 20.0 20.0

Poultry meal NCSU 10.0 10.0 10.0 10.0

Poultry fat 6.8 5.8 5.9 6.7

Monocalcium phosphate 2.50 2.30 1.95 1.80

Limestone 1.80 1.60 1.47 1.25

Lysine mono HCL 0.46 0.45 0.46 0.35

DL Methionine 0.42 0.36 0.35 0.33

Sodium Bicarbonate 0.15 0.15 0.15 0.15

Choline chloride 60% 0.20 0.20 0.20 0.20

Vitamin premix1 0.20 0.20 0.20 0.20

Trace mineral premix2 0.20 0.20 0.20 0.20

Salt 0.20 0.20 0.20 0.20

Threonine 0.05 0.06 0.07 0.07

Selenium mix 0.05 0.05 0.05 0.05

TOTAL % 100.0 100.0 100.0 100.0

Calculated Nutrients (%) S1 S2 G1 G2

Crude protein 28.1 25.1 22.4 21.4

Metabolize energy (kcal/kg) 3029 3093 3190 3300

Calcium 1.51 1.38 1.25 1.13

Phosphorus (total) 1.02 0.95 0.86 0.83

Phosphorus (available) 0.75 0.70 0.62 0.59

Sodium 0.18 0.18 0.18 0.18

Fat 9.94 9.23 9.43 10.4

Lysine 1.82 1.62 1.47 1.35

Methionine 0.82 0.72 0.69 0.63

Cystine 0.38 0.35 0.32 0.32

Methionine + Cystine 1.20 1.07 1.01 0.95

kg feed/bird 0.91 2.27 5.45 9.10

1Vitamin premix provided the following per kg of diet: 26455 IU vitamin A; 7937 IU vitamin D3; 132 IU vitamin E; 0.08 mg

vitamin B12; 0.51 mg biotin; 8 mg menadione; 8 mg thiamine; 26 mg riboflavin; 44 mg pantothenic acid; 16 mg vitamin B6;

220 mg niacin; 4 mg folic acid.
2Trace mineral Premix provided the following per kg of diet: 120 mg manganese; 120 mg zinc; 80 mg iron; 10 mg copper; 2.4

mg iodine; 1 mg cobalt..
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Figure 1: Schematic overview of bird movements from the environmentally controlled facility to the curtain
sided facility at 5 weeks of age

Figure 2: Schematic overview of bird movements within the curtain-sided facility at 5 weeks of age

-80°C until processing at 5 and 14 wk for thyroid hor-
mone content using a disposable 15 X 85 mm borosil-
icate glass culture tube (Thermo Fisher Scientific,
Waltham, MA, USA). A radioactive immunoassay kit
(MP Biomedical, Solon, OH, 06B2542-CF) was vali-
dated in-house and conducted in duplicate (6 birds/pen
ECF and 3 birds/pen CSF) for the quantification of
total triiodothyronine (T3) as a biological indicator of
feather coverage/molt status (Queen et al., 1997).

Standard curves were made from both kit standards
to ensure kit procedure and a second in-house stan-
dard using pooled turkey serum (2x stripped with ac-
tivated charcoal) spiked with T3 (Sigma-Aldrich) to
account for matrix consistency. Standards were tested
for parallelism, and turkey samples were compared to
the stripped turkey serum standard curve. Following
blood collection, birds were euthanized by cervical dis-
location and decapitated for necropsy to obtain the
right eye of each bird. At 5 and 14 wk, right eye
samples (6 birds/pen ECF and 3 birds/pen CSF) were
taken for eye weight (EW), cornea diameter (CD), av-

eraged medial-lateral dorsal-ventral diameter (MLDV),
and anterior-posterior diameter (APD) using a digital
caliper (±0.01mm).

Infrared thermography as a non-invasive feather
measurement

IR thermography has been used to assess laying hen
feather coverage (Zhao et al., 2013); however, little
work has been reported in turkeys. To assess feather
coverage in turkeys, IR images were obtained using a
FLIR T400 (360 X 240 pixels resolution) by individu-
ally photographing birds (3 birds/pen or room) placed
upside down from a 360° rotational, stationary shackle
in which the bird’s feet would inlay the shackle 81.28
cm from the ground between the footpad and shank.
Behind the shackle, a 2.54 cm royal blue painted check-
ered board was attached to the plywood wall to prevent
ambient temperature fluctuations in photos.

Images were taken in four directions for each bird:
dorsal (back), left lateral (wing/thigh), right lateral
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(wing/thigh), and ventral (breast/drum) from a dis-
tance of 1.63 m from the IR camera, which was placed
on a stand to ensure all photos were taken from the
same distance and height. However, based on image
clarity, only ventral images were quantified. Using ar-
eas of highest heat signature indicated by a deep red
color located on the images within the drum and breast
areas, these data were analyzed separately using the
ImageJ program (U.S. National Institutes of Health,
Bethesda, Maryland, USA) to quantify the area of red
pixilation. Pixel percentage was obtained by dividing
the number of pixels of red in the specified area into
the total amount of pixels in the photo and multiplied
by 100 (Figure 3).

Statistical analysis

All performance data were analyzed using a one-way
ANOVA in JMP, and IR image pixel percentages were
analyzed with body weight as a covariate (SAS Insti-
tute Inc. Cary, NC, USA). Brooding treatment was
used as a covariate in the model for data following 5 wk
to correct for variation between treatments during the
brooding phase. The LS means were separated using
Tukey’s HSD, and significance was defined as P0.05.

Results

Performance

Bird performance results are presented in Table 2. Feed
intake was significantly higher for hens in the BLK
and FRL treatments when compared to hens in the
FRS treatment (P=0.044). Bodyweight gain (BWG)
was improved for hens in the BLK and FRL treat-
ments compared to hens in the NAT and FRS treat-
ments (P=0.008). FCR was improved for hens in the
5KS treatment compared to hens in the NAT treat-
ment during this phase (P=0.018). Feed intake was
decreased with no difference in BWG or FCR for hens
in the NAT, BLK, and 5KS treatments compared to
hens in the 5KL treatment from 5 to 9 wk (P=0.002,
0.091, and 0.300, respectively). However, from 9 to 14
wk, there were no significant differences between treat-
ments groups (P>0.05). For the entire grow-out phase
(5 to 14 wk), BWG was the highest for hens in the
NAT treatment and significantly higher than for hens
in the FRL treatment (P=0.022), with no differences
between FI or FCR between any treatments (P= 0373
and 0.557, respectively).

Brooding combination effects with grow-out treat-
ments are presented in Table 3. Higher BWG was
observed when hens were placed in grow-out treat-
ments with NAT light (except L5K brood treatment)
when compared to BLK brooding/grow-out combi-
nation (P=0.001). Conversely, no brooding com-
bined with grow-out treatments in feed intake, FCR
(P=0.172 and 0.277, respectively).

Eye development

Eye measurements obtained at 5 and 14 wk are pre-
sented in Table 4. At 5 wk, anterior-posterior elon-
gation was observed in hens in the FRS and FRL
treatments compared to hens in the NAT treatment

(P=0.029). There was a significant decrease in the
medial-lateral dorsal-ventral average distance in birds
reared under 12h LED daylengths, regardless of bulb
type at 5 wks (P=0.005). There were no significant
differences in eye weight or cornea diameter at 5 wks.
At 14 wks, there were no differences in eye weight,
anterior-posterior distance, or medial-lateral dorsal-
ventral average distance (P>0.05). Cornea diameter
was significantly increased in birds exposed to NAT or
BLK light treatments compared to 5KS (P=0.001).

IR feather coverage

Ventral imaging of red pixels located on the breast and
drum tissues were analyzed and are presented in Ta-
ble 5. This study shows an inverse relationship between
red pixels and feather coverage when using IR imaging.
Therefore, there was an increase in red pixels observed
and measure for breast area, which indicates that
feather coverage on the breast at 12 wk was decreased
for hens in all 18h daylength treatments compared to
hens in the NAT treatment (P<0.0001). Using the
same method and relationship, drum feather coverage
by IR imaging was deceased in BLK, 5KL, and FRS
treatments compared to NAT treatment (P<0.0001).

Triiodothyronine hormone analysis

Triiodothyronine (T3) hormone levels are presented in
Table 6. Hormone levels were significantly increased
for hens in the FRL treatment measuring 3.02 ng/mL
at 5 wk compared to hens in all other LED-containing
treatments (P=0.0001). However, at 14 wk, T3 was
significantly increased in hens in the 5KL treatment
measuring 4.79 ng/mL compared to hens in the NAT,
BLK, and 5KS treatments (P=0.0011).

Discussion

Birds exposed to shorter daylength early in life have
demonstrated compensatory gains compared to birds
exposed to near-continuous light with equal or in-
creased BW at market age (Vermette et al., 2016a).
Similar positive performance parameters were observed
in turkeys reared in the current study with 12h
daylength and LED containing blue spectrum during
the brooding phase. Schwean-Lardner et al. (2012) re-
ported an effect of daylength on the bird’s body weight
and feed intake that was age-dependent. Birds initially
lighter had compensatory growth measured in commer-
cial broiler strains. However, Blatchford et al. (2012)
determined that contrast in light intensity, rather than
daylength, influenced broiler behavior and health.

Similar daylength effects were observed in this
study; however, hens reared under NAT grow-out con-
ditions experienced compensatory gains, which may
have been due to an increased light intensity level ver-
sus a daylength effect as suggested by Blatchford et al.
(2012). The NAT treatment resulted in significantly
lower turkey hen BWG during brooding when com-
pared to hens in the BLK and FRL treatments; how-
ever, compensatory gains occurred during grow-out al-
lowing the hens reared under natural treatment, in ad-
dition to other LED brooding treatments grown out
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Figure 3: The use of imageJ to determine pixel percentage for feather coverage at 12 weeks

Table 2: Lighting program effects on turkey hen performance grown to 14 weeks of age

Age

Parameter
Light treatment

SEM P-value
NAT BLK 5KS 5KL FRS FRL

Daylength NAT NAT+18h 12h 18h 12h 18h

LED light type NONE 5,000K 5,000K 5,000K 5,000K+RED 5,000K+RED

0-5 wk

Feed Intake1 2.12ab 2.20a 2.06ab 2.11ab 2.03b 2.21a 0.040 0.044

BW2 1.24b 1.33a 1.30ab 1.29ab 1.23b 1.33a 0.019 0.008

FCR3 1.64a 1.59ab 1.51b 1.56ab 1.58ab 1.60ab 0.017 0.018

5–9 wk

Feed Intake 5.36b 5.41b 5.19b 5.93a 5.60ab 5.66ab 0.016 0.002

BW 3.12 3.05 3.22 3.18 3.23 3.30 0.083 0.091

FCR 1.66 1.73 1.71 1.81 1.68 1.65 0.054 0.300

9-14 wk

Feed Intake 12.50 11.97 12.53 11.66 11.72 11.60 0.325 0.062

BW 5.35 5.02 4.99 4.88 5.12 4.70 0.231 0.146

FCR 2.29 2.29 2.28 2.27 2.25 2.30 0.076 0.998

5-14 wk

Feed Intake 17.82 17.52 18.10 17.39 17.07 17.50 0.310 0.373

BW 8.55a 8.23ab 8.43ab 8.19ab 8.30ab 7.99b 0.151 0.022

FCR 2.05 2.09 2.06 2.07 2.03 2.09 0.033 0.557

1Feed Intake, kg/bird.

2Body weight, kg/bird.

3Feed Conversion Ratio.

a,bMeans within the same row with different superscripts are considered significant (P<0.05).

under natural conditions, (except L5K brooding) hav-
ing the highest BWG overall. It is difficult to deter-
mine if this gain was due to daylength effects or if the
increased intensity associated with natural light condi-
tions was also a factor in these gains.

Ocular anatomy and physiology rely on diurnal in-
fluences (Leis et al., 2017), and eyes are the most de-
veloped sensory organs of poultry, making them sus-
ceptible to alterations in lighting programs (Lewis and
Gous, 2009). The effects of light wavelengths have been
reported for several poultry species, including chick-
ens, quail, turkeys, geese, and ducks (Çapar Akyüz

and Onbaşilar, 2018). For example, it has been re-
ported that exposure of turkeys to prolonged photope-
riod results in pathologic changes including globe en-
largement, flattened cornea, a shallow anterior cham-
ber, decreased cone function and photoreceptor nuclei
and decreased choroidal thickness (Leis et al., 2017). In
the study herein, this elongation was associated with
the type of light used rather than daylength, although
it has been reported that increased daylength has neg-
ative effects on eye health. Furthermore, by 14 wk, all
differences were mitigated, and no differences between
treatments were observed.
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Table 3: Turkey hen performance 0-14 weeks due to lighting program

Brooding

treatment

Grow-out

treatment
FI (kg)1 BWG (kg)2 FCR3 Adjusted FCR4 BW Gain/Day (g)5

0–5 wk 5–14 wk

NAT NAT 17.89 9.84a 1.86 1.86 100

5KS NAT 19.29 10.26a 1.88 1.81 105

5KL NAT 18.12 9.70ab 1.87 1.85 99

FRS NAT 18.76 9.93a 1.89 1.84 101

FRL NAT 19.61 10.13a 1.89 1.83 103

BLK BLK 18.00 9.35b 1.93 1.94 95

5KS BLK 18.24 9.65ab 1.89 1.87 98

5KL BLK 17.53 9.45ab 1.85 1.85 96

FRS BLK 17.76 9.62ab 1.85 1.83 98

FRL BLK 18.44 9.61ab 1.86 1.84 98

5KS 5KS 17.98 9.94ab 1.81 1.76 101

5KL 5KL 17.14 9.34ab 1.83 1.84 95

FRS FRS 16.59 9.75ab 1.70 1.67 99

FRL FRL 16.81 9.50ab 1.77 1.76 97

SEM - 0.612 0.153 0.061 - -

P-Value - 0.172 0.001 0.277 - -

1Feed Intake, kg/bird.
2Body weight, kg/bird.
3Feed Conversion Ratio.
4Feed conversion ratio including weights of moralities and culls.
3Body weight gain per day (g/bird).
a,bMeans within the same row with different superscripts are considered significant (P<0.05).

Table 4: Lighting program effects on turkey hen performance grown to 14 weeks of age

Age

Parameter
Light treatment

SEM P-value
NAT BLK 5KS 5KL FRS FRL

Daylength NAT NAT+18h 12h 18h 12h 18h

LED light type NONE 5,000K 5,000K 5,000K 5,000K+RED 5,000K+RED

5 weeks

Eye Wt. (g) 2.87 2.97 2.81 2.68 2.88 2.87 0.025 0.127

AP Distance (mm)1 13.18b 14.35ab 14.13ab 13.87ab 14.47a 14.42a 0.290 0.029

MLDV Distance (mm)2 19.10ab 19.42a 18.50b 18.89ab 18.70b 18.82ab 0.159 0.005

Cornea Diameter (mm) 8.14 8.01 8.31 7.77 8.00 7.94 0.167 0.363

14 weeks

Eye Wt. (g) 6.23 6.39 6.11 6.06 6.23 6.29 0.081 0.166

AP Distance (mm) 18.65 18.92 18.43 18.44 19.01 18.97 0.324 0.634

MLDV Distance (mm) 23.83 23.94 23.88 23.96 24.08 24.02 0.199 0.947

Cornea Diameter (mm) 12.86a 12.84a 11.95b 12.32ab 12.24ab 12.23ab 0.161 0.001

1Anterior–posterior distance.
2Medial–lateral dorsal–ventral averaged distance.
a,bMeans within the same row with different superscripts are considered significant (P<0.05).

Feather development is a complex process that in-
cludes genetic and hormonal controls (Lucas and Stet-
tenheim, 1972). Feather development in turkeys can
reflect both the nutritional and physiological status of
the bird. It can also be affected by many challenges to
which the bird is exposed to or has experienced (Leish-
man et al., 2020). In this study, IR imaging was used
as an alternative means of assessing feather coverage
which has been previously validated in laying hens by
Zhao et al. (2013). In the current study, natural light-
ing improved body feather coverage at 12 wk compared
to hens in 18 h daylength treatments. In addition,
turkeys have displayed a decrease in preening behav-
iors during long daylengths, which may be an indicator

of birds choosing to spend their time on other activities
such as rest and feeding.

However, this alteration in the behavior is difficult
to quantify as a positive or negative attribute (Ver-
mette et al., 2016b). Facility type has been associated
with a difference in feather pecking due to the exposure
to natural UV light with higher mortality levels and
worse feather scores than fully enclosed facilities (Dal-
ton et al., 2013). However, the results obtained in this
study do not match these claims, and birds that were
exposed to NAT light that gives off some UV radiation
with natural ventilation had less red heat signature,
indicative of higher feather coverage. Feather coverage
can also be affected by feather pecking. While some be-
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Table 5: Breast and drum IR image pixel percentage1

of turkey hens grown under long and short daylengths
at 12 weeks (% red pixels)

IR of Feather Coverage1

Treatment Daylength LED Type Breast Drum

NAT NAT NONE 5.08b 2.04b

BLK NAT + 18h 5,000K 5.76a 3.01a

5KS 12h 5,000K 5.87ab 2.73ab

5KL 18h 5,000K 6.75a 2.82a

FRS 12h 5,000K + RED 5.81ab 2.72a

FRL 18h 5,000K + RED 6.25a 2.59ab

SEM 0.002 0.002

P-value <0.0001 <0.0001

1In this study, there was an inverse relationship between red

pixels observed and feather coverage.

a,bMeans within the same row with different superscripts are

considered significant (P<0.05).

Table 6: Triiodothyronine (T3) levels (ng/mL) in
turkey hens at 5 and 9 weeks of age based daylength
lighting treatment

T3 measured by RIA (ng/mL)

Treatment Daylength LED Type 5 Weeks 14 Weeks

NAT NAT NONE 2.37ab 3.52b

BLK NAT + 18h 5,000K 2.26b 3.42b

5KS 12h 5,000K 1.89b 3.30b

5KL 18h 5,000K 2.30b 4.79a

FRS 12h 5,000K + RED 1.93b 3.78ab

FRL 18h 5,000K + RED 3.02a 3.96ab

SEM 0.181 0.230

P-value <0.0001 <0.0011

a,bMeans within the same row with different superscripts

are considered significant (P<0.05).

nign feather pecking is not unusual in turkey flocks, es-
pecially in young birds, injurious feather pecking, head
pecking, and cannibalism can have many causative fac-
tors, including light and lighting, which can have severe
effects in commercial tom turkey flocks while less so in
commercial hen flocks (Dalton et al., 2013; Marchewka
et al., 2013; Duggan et al., 2014).

Lien and Siopes (1993) indicated that feather cover-
age and thyroid hormone levels have a high correlation
between the timing of the annual cycle and thyroid hor-
mone levels. Feather formation and regeneration coin-
cide with an increased thyroid hormone ratio to estro-
gen (Leeson and Walsh, 2004). Normal physiological
levels of T3 in female turkey breeders are 1–3 ng/mL,
with molting status obtained once birds approach levels
of 4.5ng/mL (Lien and Siopes, 1993). When compar-
ing IR results to those obtained by hormone analysis,
these results do not directly correlate with measured
T3 levels. Additionally, hens in all treatments at 14
wk were above 3 ng/mL T3 status, which has been re-
lated to poor feather coverage (Lien and Siopes, 1993).

In the study herein, lighting parameters signifi-
cantly affected commercial turkey hen performance,
ocular anatomy, and feather coverage. While turkey
hens reared under different lighting programs had sim-
ilar ending performance, lighting parameters signifi-
cantly affected bird performance during the growing
period, birds eye development, and body feather cov-
erage. Therefore, potential effects on growth patterns
and physiology should be considered when choosing a
LED lighting program for rearing commercial turkeys.
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