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Photoperiod basics 
 
Light impinging at the eye stimulates a signal through the nerve pathway known as the 
retinohypothalamo-tract (Goldman, 2001).  This signal suppresses secretion of the 
hormone melatonin from the pineal gland, an unpaired gland of ectodermal origin that is 
located at the base of the brain (Goldman, 2001).  In the absence of light, i.e. darkness, 
secretion of melatonin increases dramatically and remains elevated until light is again 
detected.  Thus, the daily alternation of light and dark drives a daily or circadian rhythm 
of melatonin release.   
 
Whereas the length of a day is always 24 hours, daylength is the term used to describe the 
relative duration of light and therefore low concentrations of melatonin, within a 24-hour 
period.  Sixteen to 18 hours of light with 6 to 8 hours of darkness characterizes a long-
day (LDPP), and 16 hours of darkness with 8 hours of light is defined as a short day 
(SDPP).  The duration of elevated melatonin in turn influences the secretion of a number 
of other hormones, with prolactin (PRL) and insulin-like growth factor-I (IGF-I) being of 
greatest relevance to the effects of photoperiod in cattle (Dahl & Petitclerc, 2003).   
 
After melatonin, photoperiodic effects on the secretion of PRL are the most consistent 
across mammalian and avian species.  Typically a long day increases PRL and that 
elevated secretion of PRL in turn reduces PRL receptor expression at multiple tissues 
(Auchtung et al., 2003).  Thus, the balance of PRL signaling is maintained by feedback 
between the hormone and its receptor.  Long days also increase circulating IGF-I in 
calves and mature cows (Kendall et al., 2003; Dahl et al., 1997).  This increase in IGF-I 
occurs independently of any change in growth hormone secretion, which suggests that 
clearance of IGF-I is the mechanism.  There is evidence that IGF-binding protein 3, a 
factor that stabilizes circulating concentrations of IGF-I, increases under LDPP, although 
a consistent response has not been observed. (Kendall et al., 2003).  Nevertheless, the 
increase in IGF-I is consistent with greater milk yield, and with the observation that IGF-
I increases seasonally with higher concentrations observed during the long days of 
summer (Collier et al., 2008). 
 
Photoperiod in calves 
 
Manipulation of light exposure can affect rate and composition of growth in calves.  
Under LDPP, calves are heavier at weaning compared with those exposed to SDPP 
(Osborne et al., 2007). Between weaning and puberty, LDPP calves gain height at a faster 
rate relative to SDPP (Rius et al., 2005).  The acceleration of body growth is 
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characterized by greater lean mass accretion with LDPP, especially in the form of greater 
height relative to SDPP.  The height differential persists up to the first calving, with 
LDPP heifers being 1.5 in taller and 90 to 110 lb heavier than contemporaries raised 
under SDPP from weaning until puberty (Rius and Dahl, 2006). 
 
Although cattle are not generally considered to be seasonal breeders, photoperiod has 
dramatic effects on one aspect of reproduction, i.e. the timing of puberty.  Puberty in 
heifers reared under LDPP occurs about a month earlier than those on natural 
photoperiod or SDPP (Hansen et al., 1983).  Hastening of puberty appears to be 
independent of the impact of photoperiod on body growth, because LDPP heifers that 
were fed at a suboptimal rate still began expressing reproductive competence before 
similarly fed heifers on SDPP (Petitclerc et al., 1983).  In addition, Tortonese & Inskeep 
(1992) observed that melatonin implants that mimicked SDPP altered the development of 
puberty.  These studies suggest that earlier puberty in cattle, like that of many other 
species, persists despite a diminished effect on overall reproductive activity. 
 
There is conflicting evidence with regard to the effect of photoperiod manipulation on 
mammary growth.  In some studies, exposure to LDPP promoted greater parenchyma 
tissue accumulation compared with SDPP (Petitclerc et al., 1985).  However other studies 
did not confirm this response, although LDPP has never been found to depress mammary 
growth (Petitclerc 1984; Rius et al., 2005).  Prepubertal treatment with LDPP is 
associated with greater yield in the first lactation relative to SDPP, which suggests that 
increases in mammary parenchyma early in life may induce a persistent improvement in 
yield (Rius and Dahl, 2006). 
 
Lactating cows 
 
When lactating cows receive 16 to 18 hrs of light a day they increase yield an average of 
5 lb/d relative to those on a natural photoperiod, usually a 12L:12D scheme (Dahl and 
Petitclerc, 2003).  This response occurs across a range of production between 30 and 90 
lbs/d, and at any stage of lactation (Dahl et al., 2000).  The increase in yield is without 
effect on milk composition, although yield of components does increase under LDPP.  
Lactating cows under LDPP have greater circulating IGF-1 than those on natural 
photoperiod, and the increase in IGF-I precedes the milk yield response (Dahl et al. 
1997).  In contrast, exposure to melatonin in an effort to produce a short day pattern has 
met with mixed results.  Auldist et al. (2007) treated late lactation cows with melatonin 
implants and observed a more rapid decline in yield as the cows dried off seasonally.  
However, mid-lactation cows fed melatonin to induce a typical short day pattern of 
melatonin suffered no loss of yield relative to controls that were on a LDPP, despite a 
significant reduction in circulating PRL suggesting an endocrine action of the melatonin 
(Dahl & Petitclerc, 2003).  Thus, whereas the effect of LDPP to increase production is 
clear and consistent, the effect of melatonin to depress yield are less so. 
 
The increase in milk yield that results from exposure to LDPP eventually pulls an 
increase in dry matter intake (Dahl et al., 1997).  It is important to emphasize that the 
DMI follows rather than leads the increase in milk, as it is critical for management of 
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light exposure.  Because lighting is driving milk yield rather than DMI, lights need to be 
placed over all areas that cows are in rather than just the feed-line.  This is especially 
important in free-stall barns.  Plan that cows will increase DMI by 2 lb/d in response to 
LDPP, to support the 5 lb/d increment in milk. 
   
Photoperiod management during lactation can be successfully combined with other 
approaches that stimulate yield, including bST and 3X milking.  Miller et al. (1999) 
observed an additive effect of bST in combination with LDPP relative to natural 
photoperiod exposure, with cows receiving bST and LDPP producing 15 lb/d more milk 
than those on natural photoperiod without bST.  Producers that milk on a 3X schedule 
have reported successful implementation of photoperiod management, but certain factors 
need to be considered carefully in the logistics of cow movement.  First, at least six hours 
of uninterrupted darkness should be imposed between two of the three milkings.  It is 
important to remember that not all cows on a farm have to be exposed to the same 6 
hours of darkness, thus animals can be managed by groups in large barns or by barns to 
accommodate the darkness requirement.  Second, dim red lighting can be used to 
facilitate cow movement as it will not be interpreted by the cow as “light”.  Thought 
should be given to how animals move through the holding pen as that may be an 
additional source of light exposure, or potentially an extension of the dark period.   
 
As mentioned above, reproduction is generally unaffected by photoperiod management in 
mature cows.  Limited information is available that suggests any response to LDPP with 
regard to reproduction would be positive.  Indeed, cows under LDPP have a faster return 
to cyclicity relative to natural photoperiod (Hansen et al., 1984).  There is also evidence 
that secretion of luteinizing hormone in response to estradiol is greater under LDPP 
compared with natural photoperiod (Hansen, 1985).  Collectively any effect of LDPP 
should be beneficial, rather than detrimental to reproduction even at higher milk yields. 
 
Dry cows 
 
In contrast to the recommendations of LDPP for growing calves and lactating cows, a 
number of recent studies indicate that exposure to SDPP during the dry period benefits 
the health and performance of cows as they transition into the next lactation.  Dry cows 
on SDPP produce an average of 7 lb/d more milk than those exposed to SDPP (Miller et 
al., 2000; Auchtung et al., 2005; Velasco et al., 2008).  Cows begin lactation at a higher 
level of production, peak higher, and the increase in yield persists through lactation.  Dry 
cows on SDPP express more PRL-R mRNA on multiple tissues, including lymphocytes 
and the mammary gland (Velasco et al., 2008; Auchtung et al., 2005).  At the mammary 
gland, the increased PRL-R is associated with greater mammary growth during the dry 
period relative to LDPP, which likely supports the higher yields observed in the 
subsequent lactation (Wall et al., 2005).  An increase in growth is consistent with the 
persistent effect of SDPP during the dry period as opposed to the impact of LDPP in 
lactation, which diminishes if exposure to the LDPP is removed (Dahl et al., 1997).  
 
Dry cows on SDPP have improved immune status compared with those on LDPP 
(Auchtung et al., 2004).  Most of the immune status indicators are measured using assays 
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of cells collected from cows on the different photoperiod treatments, but others are 
measured directly in the cows.  For example, the ability of lymphocytes to proliferate or 
reproduce is greater under SDPP relative to LDPP (Auchtung et al., 2004).  And SDPP 
cow’s lymphocytes are better able to migrate toward a pathogen compared with LDPP 
(Auchtung et al., 2004).  Whereas those “test-tube” assays are of interest, it is also 
important to determine if the cow has improved responses to potential health challenges.  
Relative to LDPP dry cows, those on SDPP experience a reduction in somatic cell count 
from dry-off to calving (Auchtung et al., 2004), and appear to have fewer health 
problems during the transition. Another factor to consider is the potential effect of the 
dam on the health of the calf, as it is known that variation in PRL can alter 
immunoglobulin transfer to the colostrum (Barrington et al., 1999).  However, calves 
born to SDPP dams had no reduction in IgG transfer versus LDPP, and there was no 
observed deficiency in any health outcome under SDPP (Morin et al., 2010).   
 
How to implement 
 
There are no extraordinary steps or equipment necessary to manage photoperiod across 
the life cycle of the cow.  Lighting intensity is at the recommended level for housing 
cattle according to the ASABE (2005).  Target intensity is a uniform 15 footcandles for 
all housing, and that level of illumination can be achieved using a variety of lamps and 
fixtures.  Deciding which type of light, i.e. fluorescent, metal halide, etc., is best made by 
the potential mounting height available in each facility.  In general fluorescent lighting is 
better suited to lower ceilings whereas metal halide lamps are preferred for higher 
mounting installations. 
 
Placement of lights for uniformity is dependent on mounting height.  Again, the target is 
an intensity of 15 footcandles at a level 3 feet above the floor of the stall; that height is 
where a cow’s eyes would be located, on average, most of the time.  Each lamp type has 
a range of recommended mounting heights and typically a factor of 1.5 times the 
mounting height will yield a distance between lamps that gives uniform coverage. 
 
There is often interest in leaving some lights on to assist cow movement and observation 
during darkness, but this is unnecessary and potentially detracts from the response.  Cows 
do not need light to find feed or water; they have done so in pastures at night for 
millennia.  There are, however, some options to overcome the lack of light during 
darkness.  One is to mount dim red lights (~15 W) at 20 to 30 foot intervals in the barn.  
This level of red illumination is not perceived as light by the cow and is bright enough to 
visualize animals and barn structures.  Another approach is to use red headlamps when 
working cattle during darkness.  This offers light at the point where it is needed, and frees 
the workers hands.  Either approach is preferable to leaving any lights on during the 
darkness phase. 
 
Summary 
 
The preceding evidence supports the use of photoperiod management to improve cow 
performance and health throughout the life cycle.  Photoperiod management is easy to 
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implement and offers an attractive return on investment, as cows respond rapidly during 
lactation and persistently when exposed to the appropriate light cycle during the dry 
period.  This non-invasive management approach can be used across housing types, farm 
sizes and production levels. 
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