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ABSTRACT

Dairy producers are constantly searching out newagement techniques to improve production effigjesued
cash flow. Photoperiod management is a cost effectiethod to increase production in lactating cd®mtoperiod, or the
daily sequence of light and dark, has dramaticcegf®en many physiological systems across animatispeNumerous
studies confirmed that LDPP increases milk yieldldotating cows, and it is associated with decrasecretion of
melatonin and increased secretion of prolactin (Pa&tld IGF-1. LDPP also improved growth of neonatdves from birth
until 8 weeks of age. Relative to SDPP, heiferseundPP had hastens puberty, leaner body at pubmdye mammary
parenchyma growth, heavier and taller body confdionaat parturition and more milk production in seqce lactation.
Relative to LDPP, SDPP during the dry period insesamammary cell proliferation and decreases pelpt@sis. This
enhanced mammary growth by SDPP during the drypg@eénicreases the number of functional mammary tagreells at
parturition and, in turn, increases the lactatienfgrmance. The SDPP effect on the mammary glanidgithe dry period
is mediated by enhanced PRL signaling. Thus, plesiop management can be used throughout the Ik ©f the dairy

cow.
KEYWORDS: Photoperiod, Milk Yield, Insulin-Like Growth Factdr

ABBREVIATION KEY: LDPP=Long Day PhotoperiodSDPP=Short Day PhotoperidGH = Growth Hormone,
IGFBP = Insulin-Like Growth Factor Binding ProteiRRL = Prolactin

INTRODUCTION

Dairy producers are constantly searching out newagement techniques to improve production effigiesued
cash flow. According to reports researchers sir@&81 Photoperiod management is a cost effectivénadeto increase
production in dairy cows (Dahl et al., 2000 & 20Thulasiraman et al., 2015. Toncho et al., 201#4pt&period, or the
daily sequence of light and dark, has dramaticceffen many physiological systems across animalispelt is classified
as long-day photoperiod (LDPP) and short-day pheriod. LDPP and SDPP included of 16-18 hours dftlig 8-6 hours
of darkness and 6-8 hours of light &18-16 hourglafkness in 24 hour period respectively (Dahl gt2012).In many
species, light intensity and photoperiod duraticassed by seasonal changes, which influence thgsiglogical events
(Wright and Shelford, 2013). This is demonstratespoultry reared in industrial production systeméere the egg
production throughout the year is controlled viafoiperiod alteration, in horse husbandry for prging or restarting the
reproduction period. Cattle respond to shifts imtpperiod, and knowledge of that biology can beduseimprove the
efficiency of milk production, reproduction, growdnd disease resistance (Dahl et al., 2012 & TorkRéwev et al.,
2014).With this regard, a number of researcherilliffghand Schofield, 1989; Dahl et al., 2000; Millet al., 2000;
Ulimbashev, 2011) investigated the effect of liglty duration and light intensity on factors asseciawith better

economic results in dairy cattle farms.
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Light is one of primary components of microclimatefarm animal environment. It effects via eye daneal
gland in the brain. The light stimulus activity iblts the rate-limiting enzyme of melatonin syntiseis the pineal gland,
and, therefore, decreases circulating concentmtidrmelatonin. Numerous studies showed that malatooncentrations
decrease under long-day photoperiod and increater short-day photoperiod (Dahl et al., 2000: Stamiski et al., 1988,
Buchanan et al., 1992). Across sex and age irecdlttt duration of increased melatonin concentnatiben drives shifts
in secretion of other hormones, including prola¢iRL), gonadotropins, and IGF-I, all of which increaseler LDPP
exposure relative to SDPP. The endocrine changéisemte the long-term physiological responses iwgh,
reproduction, lactation and disease resistanceuinmary, IGF-I has emerged as a possible medidtthreoincrease of
milk yield in response to long-day photoperiod. Thepose of this paper is to review the evidenaeafsesponse of
lactating and dry cows to photoperiod, describepghgsiologic basis for those responses. Becausarahghotoperiod

condition in Iran is appropriate for using of thiethod.
EFFECT OF PHOTOPERIOD IN LACTATING COWS

Peters et al (1978) made the initial discovery thag days increased milk yield in cows relativaiose exposed
to an ambient photoperiod between September and iApMichigan, h, when natural light was limited tess than 12
hours each day. Over the first 100 days postpartoms on long days produced 2.0 L/d more milk ttraose on natural
photoperiod. Subsequently, at least seven diffelamtratories across North America and Europeatitudes ranging
from 39°Nto62°N, have confirmed that long-day phetigd increases milk yield (Table 1). Based on ¢hstudies it is

expected that cows on long days will produce amameof 2 liters more than control animals on ratphotoperiod.

Table 1: Summary of Studies Reporting Effects of Saplemental Lighting on Milk Yield in Lactating Cows

Authors Location(latitude)Light Milk Yli'\’eelgponses L Loln DaySMI
(reference) (latitude) type Increase (kg/d) Fat % I,

Peters, et al. Michigan (42°N) Fluorescent 2.0 NC ce
Peters, et al. Michigan (42°N) Fluorescent 1.4 NC 6.1%
Marcek and Swanson| Oregon (45°N) Sodium vapor 1.8 Variable
Stanisiewski, etal. Michigan (42°N) Fluorescent 2.2 0.16
Bilodeau, et al. Quebec (47°N) Fluorescent 2.0 NC 4%
Evans and Hacker Ontario (43°N) Fluorescent 2.8 NC NC
Philips and Schofield.| Wales (53°N) Fluorescent 3.3 0.18 NC
Dahl, et al. Maryland (39°N) Metal halide 2.2 NC| NC
Reksen, et al. Norway(60—62°N) | Fluorescent 0.5 -
Miller, et al. Maryland (39°N) Metal halide 1.9 NC 3.5%

NC = no change; arrow indicates direction of change
SOURCE: Journal of Dairy Science Vol. 838, M, 2000

Reksen et al (1999), suggests that simply exposivgs to more than 12 h of light each day stimulaté&
production relative to cows that receive less thar of light/d. Milk composition is generally ufiated by photoperiod,
although some studies indicate a slight depressionilk fat percentage may occur during exposurlig days [Table 1;
(Stanisiewski, et al 1988, Philips et al 1989)}eEfs of long days on DMI in lactating cows are always observed, but,
generally, DMI increases in longer-term studiesneet the increased demand for energy output fremmtdmmary gland
(Table 1).

During lactation, the response to LDPP becomesfiignt relative to SDPP after 3- to 4-weeks expesio the
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extended lighting schedule, and cows respond toR-B&ing any stage of lactation with 3 kg/d morékrmompared with
their counterparts under SDPP (Dahl and Petitc2003). Of interest, there is no carry over effafter the treatment
terminates and the production of cows previously BPP decreases to that of SDPP animals afteoalsaeturn to the
same photoperiod (Dahl et al., 2000).Ulimbashev 2Ghowed that the highest yields and good he#ditus during the
lactation was accomplished under light intensityi60 Ix, with additionally 614 kg produced milk by 14.8% more vs.
control group. This shows that practically, aligigtiof 150 Ix could be regarded upon as optimum hous flux for

satisfying the physiological needs of lactatingyaows.

The first hormone impacted by photoperiod is melatowhich is secreted in response to darknesss,Tihicows
and other animals, a long day actually reduceddtiration of elevated melatonin (Dahl et al., 2008)imals use this
pattern of melatonin to track day-length, and tladter secretion of other hormones (Dahl, 2003)d&iry cows, the
prolonged photoperiod is associated with increassatetion of insulin-like growth factor (IGF-1) (Blaet al., 1997).
Higher blood IGF-1 in cows leads to increased mi#dds (Dahl, 2003). Growth hormone (GH) is anotheyduct of the
endocrine system probably related to increased yidld in longer photoperiod conditions (Dahl et &000). Increased
exogenous (Bauman and Vernd®93) or endogenous (Dahl et al., 1991) GH leastsbeneficial for milk yields of dairy
cattle, but the exact mechanism of GH secretiomghaccording to photoperiod duration is not stélar. Anderson et al.
(1999) reported seasonal differences in GH conagatrs in cattle, but it is not indicated whethkistwas related to
photoperiod length or not. So far, there are ndistion the variations of GH secretion in cattlatezl to the light and
resulting higher milk yields. Collier et al. (2008pserved that cows treated with recombinant bogimmatotrophin
(rbST) had variable IGF-I responses dependent erséfason of treatment, with greater IGF-1 assatiatth the longer
days of the summer and lesser values during the dags of winter. Lacasse et al., (2011) conduetstudy in lactating
cows using Quinogolide (PRL release inhibitor) tneent last for 8 weeks. The milking induced PLRgswas decreased
in Quinagolide treated cow’s results in less mitbdquction than control group. This reveals that diepression of the

milking- induced PRL surge can alter yield everthi@ absence of effects on basal PRL (Lacasse, €04ll).

Apart its effects during the lactation, photoperiogs also a significant impact on the growth oflaegment
heifers and dry cows. It is proved that during tienths with long days, heifers exhibited betteryogbwth and attained
earlier sexual maturity (Dahl et al., 2000). A damieffect was observed in heifers (16 L: 8 D) leiglveight gain, earlier
sexual maturity and higher blood prolactin vs hsifeeared in conditions of shorter photoperiodr(fr8 to 15 h light)
(Small et al., 2003).

EFFECT OF PHOTOPERIOD IN DRY COWS

However, photoperiod only is not influence the aainmilk production cycle. Studies suggest that appate
photoperiod treatment of the dry cow can markedijamce milk yield in the subsequent lactation (8ilet al., 2000,
Auchtung et al., 2005, Crawford et al., 2015). Bftilet al. (2000) established that dry cows rearettushort photoperiod
(8 L: 16 D) during the first 120 lactation days hHagher milk yields vs cows reared under long ppetiod during the dry
period. Under the same conditions Velasco et @082 demonstrated higher daily lactation yield b§ Bg/day in cows
reared under short vs long photoperiod during theperiod. The tendency was confirmed by other stigations that
stated clearly that during the dry period unliketddion, cows should be kept under short photopedonditions
(Petitclerc et al., 1998; Aharoni et al., 2000).

The enhanced milk output is due to increased mammland development during the dry period under BDP
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(Wall et al., 2005a). Relative to LDPP, SDPP duriihg dry period increases mammary cell proliferaémd decreases
cell apoptosis (Wall et al., 2005a). This enhancesnmary growth by SDPP during the dry period insesathe number
of functional mammary secretory cells at parturiteimd, in turn, increases the lactation performafbe SDPP effect on
the mammary gland during the dry period is medidigdenhanced PRL signaling. In response to SDR®ulating
concentrations of PRL decline and there is a coitemmincrease in expression of PRL recepRRI(-r) in many tissues,
including the liver, mammary gland, and lymphocyt&schtung et al., 2003, 2005). Although PRL-r silyng influences
several intracellular systems, one specific pathaltsred by SDPP is the expression of suppressangtakine signaling
(SOCS. A decrease in SOCS expression would be expéotedhance mammary growth because expression &R@ES
family of genes is generally associated with feet#tbmhibition of PRL signaling (Wall et al., 2005bAccording to
Todorov and Mitev (2000) the short photoperiod dgrihe dry period facilitated the more rapid bodydition recovery
of preghant animals up to BSC of 3 3.5 on the fie@t score system. According to Todorov and Mi{2900) the short
photoperiod during the dry period facilitated thermrapid body condition recovery of pregnant amsmg to BSC of 3

3.5 on the five-point score system.

Crawford et al. (2005) placed cows on LDPP or S@P#ry off and confirmed that exposure to LDPP éased
circulating PRL approximately 2-fold relative to BB. Circulating PRL was increased after constabtigianeous
infusion of PRL for the last 6 wk of the dry perjahd the SDPP+PRL cows had circulating concentratof PRL of 7.8
+ 1.4 ng/mL, intermediate to the concentrationseobsd in LDPP (10.8 + 2.5 ng/mL) and SDPP (4.2Gtrig/ mL) cows.
After calving, milk production followed a similaratern to that of PRL, with SDPP+PRL vyields intediag¢e to those of
SDPP and LDPP cows (Figure 1). Administration ofat@nin implants to suppressed prepartum PRL cdragon, but
did not affect milk production (Garcia-Ispierto le2013).

[
o

Milk, kg/d
w

LDPP SDPP SDPP+PRL
Dry period treatment

Figure 1: Effect of photoperiod and Prolactin (PRL) Treatmentduring the Dry Period on Subsequent Milk
Production (Crawford et al., 2005). The SDPP CowsrBduced More Milk than LDPP cows (P = 0.02), and
SDPP+PRL Cows Tended to Produce More Milk than LDPReows (P = 0.14). SED 2.50 kg/d

The effect in cattle is dependent on the duratibtreaatment because cows that were exposed to SaRly
the final 21 d of the dry period did not exhibiettmprovement in milk yield in the subsequent laota(Reid et al., 2004).
However, Velasco et al. (2008) reported that treatmvith SDPP during a shortened dry period of ad@ud did result in
greater milk yield relative to cows on LDPP. Indetttt SDPP cows in the study of Velasco et al. §@veraged 35 d
dry despite the target of 6 weeks dry. Thus, SDBfng the dry period improve milk yield in the nebgictation in

ruminants, and that effect takes between 35 arditéhe fully expressed.
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The studies of Aharoni et al. (2000) provided adddl information about the observed differencewlaen
summer and winter periods. They rejected the thibsis lower summer milk yield of cows was due tathstress and
showed that longer photoperiod during the dry gkri@s of greatest significance. Milk losses of cdlaat had calved in
the summer, according to researchers, were byl ltfday by reason of the longer photoperiod dutimg last three
weeks of the dry period (Toncho Penev et al., 20C4)ving season had a significant impact on dgendinterval in
days between calving and conception) in Iraniarssioed dairy cows (Bahmani et al., 2011). The mawrimand
minimum values (121.1+3.3 and 108.5+2.7) for dgysrowere belonging to the winter and summer seasesgectively
(Bahmani et al., 2011). This difference can be icauexchanges of long day in seasons. Thus, SDHRgdine dry period
decreases days open in dairy caws. To identify raffextive photoperiod on days open, more reseanest be conducted

in the future.
EFFECT OF PHOTOPERIOD IN GROWTH

A portion of the acceleration of puberty may batedl to the increase in lean body growth obseradukifers
grown under LDPP compared with SDPP. That is, calwe LDPP schedule gain more BW, achieve greattrevs
height, and have more lean tissue than those ddRPSand that growth is achieved at the same DMtit(ferc et al.,
1984; Rius et al., 2005: Dahl et al., 2006, 20I)e effects of LDPP on growth are consistent whlke greater
concentrations of IGF-I relative to SDPP treatn{&andall et al., 2003; Spicer et al., 2007).

Heifers raised under LDPP photoperiod manipulatoning its pre-pubertal (growth phase) till firgictation
were showing increased mammary parenchyma growtiive to SDPP (Petitclerc et al., 1984, 1985), enonilk
production, heavier and taller body conformatiorpaitturition, that were associated with increasemtipction(Rius and
Dahl, 2006). It is acknowledged that increased @b@tiod enhanced growth until the onset of sexwsunty (Hansen et
al., 1983). Before that age, the enhanced growthadua to lower protein recovery rate (Zinn et H86), and that caused
animals to use more efficiency the ration (Petitclet al., 1983; Mossberg and Jonsson, 1996). Aftepuberty, body fat

deposition in animals was higher in short photagedonditions (Zinn et al., 1986).

A study of Osborne et al. (2007) compared LDPP SD&P effects on performance of neonatal calves biotin
until 8 weeks of age. Relative to SDPP, calves und¥PP had greater starter intake and overall bgaywth before
weaning, and LDPP calves generated more ruminal ¥aA SDPP, with most of the photoperiodic effediserved after
4 weeks of age. These data support the conclubanLDPP during the neonatal period enhances dveodly growth,

possibly through an acceleration of rumen develognempared with calves under SDPP.

The studies of Tihomirova and Kolchin (1978) showhkdt calves born from cows reared under 16 L: 8 D
photoperiods with higher light intensity (50-10Q had a higher average body weight by 2.1 kg agtidri resistance to
diseases. The morbidity rate during the first mamés 29% in experimentalcalvesvs43% in the comrolip, whose dams

were reared under natural photoperiod conditiofsl@ Ix).
EFFECT OF PHOTOPERIOD IN REPRODUCTION

Effect of photoperiod on reproduction cows is lessgortance than seasonal breeders (Dahl atGil2)2 LDPP
exposed heifers achieve puberty faster than th&erseexposed on normal dau length because of greelease of
Luteinizing Hormone (LH)in response to estradiohfiden et al., 1982: 1983) and decrease time tirshdreeding(Rius

and Dahl, 2006). During summer, the time requir@dréturn to estrous cycle after parturition is rs@iowhen compared
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with those calved during winter and natural shaysd(Hansen, 1985). The data reported by Mohamraddkez et al.
(2014) showed that in rat, light regime had a digant effect on prolactin concentration. Prolaatias significantly lower
in permanent light than other treatments. Permaligdritwill reduce the prolactin level. It seemshie one of the causes of

short estrous cycles in permanent light is profeletvels.

The data reported by Petrusha et al. (1987) shawatl lighting intensity was essential for improvitige
reproduction status of cows. According to the arghthe increased light intensity in the barn 00,1050 and 200 Ix
shortened the service period with 12, 22 and 2 gaythe control group exposed to 35 Ix. It shdaddnentioned that the
optimum results were not obtained with the highigstt intensity of 200 Ix. Probably, the excesswelright light has a
negative effect, being perceived by animals asressbr. Velasco et al. (2008) showed that cowsedeander short
photoperiod (8 L: 16 D) during the dry period gdieh to calves 4.8 days earlier as compared tmalsi reared under
longer photoperiod (16 L: 8D). According to othéudies, the supplementary light resulted in lowativity and clinical
manifestation of estrous in cows (Phillips and Siea, 1989). The opinion of Phillips and Schofi€d89) about long-
term effects of supplementary lighting on reprodhrctraits of cows should be confirmed by additiostadies in modern
conditions and current cow breeds. Such investigatare mandatory before outlining recommendationshe practice
because the problem with detection of cows in astie extremely important and with serious impacfinancial results
of dairy cattle farms (Toncho Penev et al 2014) €hnflicting scientific results are also substetl by the results of

Rautala (1991) which showed no relationship betwemam fertility and photoperiod variations.
EFFECT OF PHOTOPERIOD IN COWS' BEHAVIOR

According to Phillips and Schofield (1989) LDPP (1:68 D) in dairy cow barns results in two typescbfnges
short-term and long-term. The first type includadricreased activity, increased feed intake, lorigee spent standing
and reduced time spent lying, stronger estrousagggession signs, and photoperiod duration didnfatence the lying
time, milk yield and body weight of dairy cows th&d an insignificant impact on the amount of consaiieed(Philips et
al., 1998). On the other side, Tanida et al. (198#)med no relationship between photoperiod aetiing behavior and
milk yield of cows. Light stimulates milk productioin cows, increased energy requirements makesnigdzehavior

predominant and caused greater feed consumptidnl @dal, 2000; Dahl, 2005).

After many years of research, Varlyakov (1991) ®iadlyakov et al. (1993, 2007, 2010a, 2010b) shotiad in
industrial production systems, the time for intakel conversion of feed and indirectly, the prodiisti were influenced
at a higher extent by the physiological state aiedahchy in the group than by the season and pkoimh Dahl (2006)
demonstrated that cows reared under short photmpes¢hedule from the beginning to the middle of dng period
ingested more dry matter as compared to cows irséime physiological condition exposed to long ppetiod. This
circumstance could be used practically by farmenrsring dry animals into optimum body condition fbe next lactation
(Toncho Penev el at., 2014).

Light spectrum had a various effect on proteinagtion and deposition in tissues. Blue and gréght benefited
the intense protein metabolism, accompanying tbhevidr (Yurkov, 1980). At the same time, red, oraagd yellow light
were found to delay dietary protein utilization gomtein accumulation in the animal body. The dffgfcwhite light on
protein metabolism held an intermediate positiotwken red and blue light from the visible spectr(arkov, 1980).
The cause is the fact, the cows perceive bettag-feawvelength light spectrum (about 600 nm and mgedpw, orange
and red (Phillips, 1993). Therefore, additionalesgsh is needed to elucidate light spectrum effectphysiological
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processes. It is acknowledged that in men, blubt ligith wavelength between 446-477 nm was mostctife for
inhibition of melatonin synthesis from the pinedargd (West et al., 2011). This is extremely impottaroving that
different light properties could have an impacthman and animal physiology (Wright and Shelfof@il 2

Some authors propose minimum lighting in the déferparts of the barn, pointing out a light fluxi@f0 Ix in the
waiting room before entering the parlor, and 20@nlxhe milking parlor (Miteva, 2012). Proper lighg could influence

oxytocin release and hence, milk let-down (Ma uhand Bruckmaier, 2004).
EFFECT OF PHOTOPERIOD IN IMMUNE

In addition to well-described effects of photopdrimn mammary gland, lactation and other reprodedissues,
PRL influences immune function. Therefore, it ig Borprising that photoperiod affects cattle immdfungction via shifts
in PRL secretion. Seasonal shifts in immune fumctioe observed in many species and these effedtsroune tissues are
related to photoperiod in rodents (Yellon et al999). Steer calves under SDPP had increased peaiphood
mononuclear cellKBMC) proliferation in response to mitogens in vitradagnhanced neutrophil chemotaxis to IL-8 in
vitro compared with LDPP-treated calves (Auchtuhg.e2004). Similar PBMC responses were obsemwetws exposed
to SDPP when dry (Auchtung et al., 2004).Dry cowsshort days had similar responses to the steetshad lower rates
if intra-mammary infection and metritis during tliest 10 days of lactation. In addition, cows ompghdays had a
significant reduction in SCC from dry off to paition, whereas those on long days had an increase that time
(Auchtung et al., 2004). These data suggest thaitt stays are associated with greater resistangeatioogenic insult

during an immune-compromised period in the produnctycle.

Shifts in secretion of and sensitivity to the hormaoprolactin (PRL) may explain the effects of shdaty
photoperiod during the dry period. Data have shéwat long days increase whereas short days decRRkesecretion
(Auchtung et al., 2002b). However, the lower PRhaantrations of cows on short days is associatéid higher amounts
of PRL-receptor expression, and likely sensitivgythat hormone (Auchtung et al., 2002b). BecauRk B critical to the
process of mammary cell activation that occursaatupition, and PRL has immune-stimulatory effegts, speculate that
the shifts in sensitivity that accompany short degatment are producing the changes observed iduption and

mammary health.
CONCLUSIONS AND RECOMMENDATIONS

From the preceding discussion, it is clear thattgheriod has substantial effects on reproducticowth,
lactation, health across the life cycle and wittieieffect on milk composition. In lactating cowsd heifers, there is
evidence that the physiological basis of the respda long days may be an increase in circulatig-l. During lactation,
LDPP increases milk production and the efficiendylartation. In the growing calf, LDPP stimulatesah growth,
mammary development and hastens puberty. In thé fima months late of gestation in heifers and dng period of
multiparous cows, short-day photoperiods are recenuled to enhance responsiveness to photoperidt inubsequent

lactation and immune status. Long days are recordatkduring lactation to improve milk yields.
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