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In dairy cattle, 16 hours of light daily 
increase concentrations of serum pro- 
lactin (1), an anabolic hormone (2) asso- 
ciated with lactational production (3). 
We now report that 16 hours of supple- 
mental lighting stimulated body growth 
and milk yields of dairy cattle 10 to 15 
percent in comparison with natural- 
length photoperiods of 9 to 12 hours. 

Twenty Holstein heifers, 3 to 6.5 
months of age at the start of this experi- 
ment, were divided according to age and 
genetic potential for milk yield into two 
equal groups. Each group was housed 
unrestrained within separate pens inside 
a barn, and no supplemental heat was 
provided. Between 18 November 1975 
and 9 March 1976, one group (control) 
received an average of 9.8 hours of in- 
direct sunlight daily through northern 
windows (natural photoperiod) (4). The 
second group received the natural photo- 
periods plus supplemental cool-white 
fluorescent light between 0600 and 2200 
hours (16 hours total light daily). The ra- 
tion fed daily to each heifer consisted of 
2.3 kg of 14 percent protein pelleted con- 
centrate, with alfalfa hay and water free- 
ly available. Girth at the level of the 
heart (heart girth) was measured weekly 
on each animal with a tape measure to 
quantify growth. In the control group, 
heart girth increased from 114 to 139 cm 
during the 16-week experiment (Fig. 
1A). In-comparison, the heart girth of 
SCIENCE, VOL. 199, 24 FEBRUARY 1978 

In dairy cattle, 16 hours of light daily 
increase concentrations of serum pro- 
lactin (1), an anabolic hormone (2) asso- 
ciated with lactational production (3). 
We now report that 16 hours of supple- 
mental lighting stimulated body growth 
and milk yields of dairy cattle 10 to 15 
percent in comparison with natural- 
length photoperiods of 9 to 12 hours. 

Twenty Holstein heifers, 3 to 6.5 
months of age at the start of this experi- 
ment, were divided according to age and 
genetic potential for milk yield into two 
equal groups. Each group was housed 
unrestrained within separate pens inside 
a barn, and no supplemental heat was 
provided. Between 18 November 1975 
and 9 March 1976, one group (control) 
received an average of 9.8 hours of in- 
direct sunlight daily through northern 
windows (natural photoperiod) (4). The 
second group received the natural photo- 
periods plus supplemental cool-white 
fluorescent light between 0600 and 2200 
hours (16 hours total light daily). The ra- 
tion fed daily to each heifer consisted of 
2.3 kg of 14 percent protein pelleted con- 
centrate, with alfalfa hay and water free- 
ly available. Girth at the level of the 
heart (heart girth) was measured weekly 
on each animal with a tape measure to 
quantify growth. In the control group, 
heart girth increased from 114 to 139 cm 
during the 16-week experiment (Fig. 
1A). In-comparison, the heart girth of 
SCIENCE, VOL. 199, 24 FEBRUARY 1978 

12. J. Coz, M. Valade, M. Cornet, Y. Robin, C.R. 
Acad. Sci. 283, 109 (1976). 

13. L. Rosen and D. Gubler, Am. J. Trop. Med. 
Hyg. 23, 1153 (1974). 

14. T. Kuberski and L. Rosen, ibid. 26,533 (1977). 
15. , ibid., p. 538. 
16. R. B. Tesh and D. J. Gubler, ibid. 24, 876 

(1975). 
17. E. Marchoux and P.-L. Simond, C.R. Seances 

Soc. Biol. Paris 59, 259 (1905); Ann. Inst. Pas- 
teur (Paris) 20, 16 (1906). 

18. A. Stokes, J. H. Bauer, N. P. Hudson, Am. J. 
Trop. Med. 8, 103 (1928); C. B. Philip, J. Exp. 
Med. 50, 703 (1929); N. C. Davis and R. C. 
Shannon, Am. J. Hyg. 11, 335 (1930); J. D. Gil- 
lett, R. W. Ross, G. W. A. Dick, A. J. Haddow, 
L. E. Hewitt, Ann. Trop. Med. Parasitol. 44, 
342 (1950). 

19. P. A. Petrischeva, Ye. N. Levkovich, S. T. 
Boldyrev, Japanese Encephalitis (Medgiz, Mos- 
cow, 1963). 

20. We thank K. Sorensen for facilitating the work 
on Taiwan; P. S. Kondo for her excellent assist- 
ance in both Taiwan and Honolulu; and M. 
Lien, C. Mizumoto, A. Rosen, and D. Rosen for 
their help. 

29 September 1977; revised 12 December 1977 

12. J. Coz, M. Valade, M. Cornet, Y. Robin, C.R. 
Acad. Sci. 283, 109 (1976). 

13. L. Rosen and D. Gubler, Am. J. Trop. Med. 
Hyg. 23, 1153 (1974). 

14. T. Kuberski and L. Rosen, ibid. 26,533 (1977). 
15. , ibid., p. 538. 
16. R. B. Tesh and D. J. Gubler, ibid. 24, 876 

(1975). 
17. E. Marchoux and P.-L. Simond, C.R. Seances 

Soc. Biol. Paris 59, 259 (1905); Ann. Inst. Pas- 
teur (Paris) 20, 16 (1906). 

18. A. Stokes, J. H. Bauer, N. P. Hudson, Am. J. 
Trop. Med. 8, 103 (1928); C. B. Philip, J. Exp. 
Med. 50, 703 (1929); N. C. Davis and R. C. 
Shannon, Am. J. Hyg. 11, 335 (1930); J. D. Gil- 
lett, R. W. Ross, G. W. A. Dick, A. J. Haddow, 
L. E. Hewitt, Ann. Trop. Med. Parasitol. 44, 
342 (1950). 

19. P. A. Petrischeva, Ye. N. Levkovich, S. T. 
Boldyrev, Japanese Encephalitis (Medgiz, Mos- 
cow, 1963). 

20. We thank K. Sorensen for facilitating the work 
on Taiwan; P. S. Kondo for her excellent assist- 
ance in both Taiwan and Honolulu; and M. 
Lien, C. Mizumoto, A. Rosen, and D. Rosen for 
their help. 

29 September 1977; revised 12 December 1977 

heifers receiving 16 hours of light in- 
creased from 112 to 141 cm. The dif- 
ference in the total heart girth gain 
(24.8 ?+ 1.1 versus 28.7 ?+ 1.1 cm) be- 
tween the two groups of heifers was sig- 
nificant (t-test, P < .02). 

The ability of 16 hours of supplemental 
lighting to stimulate growth was con- 
firmed in another similarly designed ex- 
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Fig. 1. Growth response of 
Holstein heifers to 16-hour (o) 
or natural (e) photoperiods in 
East Lansing, Michigan. (A) 
Heart girth, 10 heifers per 
treatment, 18 November 1975 
to 9 March 1976. (B) Body 
weight, 14 heifers per treat- 
ment, 6 October 1976 to 2 
March 1977. 
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periment (5) conducted between 6 Octo- 
ber 1976 and 2 March 1977, except that 
body weight was quantified instead of 
heart girth. Weights were measured on 
one day each week for 22 weeks. Ani- 
mals were deprived of water for 16 hours 
before being weighed. Average body 
weights in control heifers increased from 
160 kg at week 1 to 274 kg at week 22, 
while heifers given supplemental lighting 
increased from 159 to 285 kg (Fig. IB). 
Thus, average daily weight gains of Hol- 
stein heifers exposed to natural-length 
photoperiods (N = 14) or supplemental 
lighting (N = 14) were 0.78 ? 0.02 and 
0.86 ? 0.02 kg (t-test, P < .05), respec- 
tively. All concentrates fed were con- 
sumed completely each day. Daily feed 
intakes of alfalfa hay by heifers exposed 
to 16-hour and natural photoperiods av- 
eraged 4.6 ?+ 0.7 and 4.7 ? 0.5 kg, re- 
spectively. Thus, supplemental light dur- 
ing the fall and winter in Michigan in- 
creased growth rates 10 to 15 percent 
without requiring additional feed. The in- 
creased growth was of similar magnitude 
to that achieved by steers receiving di- 
ethylstilbestrol (6). 

A third experiment, designed similarly 
to the second, was conducted between 1 
May and 13 August 1976, when the natu- 
ral photoperiod ranged between 13.6 and 
15.3 hours of light. Daily weight gains of 
13 Holstein heifers receiving natural- 
length photoperiods averaged 0.89 kg, 
not significantly different from that (0.90 
kg) of 13 heifers receiving 16 hours of 
supplemental fluorescent light. 

To determine if photoperiod affected 
milk yields, we exposed 46 lactating Hol- 
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Supplemental Lighting Stimulates 

Growth and Lactation in Cattle 

Abstract. Sixteen hours of light daily (114 to 207 lux) increased weight gains and 
milk yield 10 to 15 percent in Holstein cattle in comparison with cattle exposed to 
natural-length photoperiods (39 to 93 lux) of 9 to 12 hours. The weight gain was 
accomplished without increased consumption offeed. Manipulation of supplemental 
light may thus cause dramatic increases in food supplies from animals. 
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stein cows to natural-length photope- 
riods, and we supplemented the natural 
photoperiod of a second group of 46 sim- 
ilar cows with fluorescent light between 
0500 and 2100 hours daily, beginning 
with animals undergoing parturition after 
15 September 1976 (7). Cows were as- 
signed to treatment groups on the basis 
of order of parturition. That is, as partu- 
ritions occurred after 15 September, 
cows were alternately assigned to treat- 
ment groups. Each group of cows was 
housed unrestrained in an unheated free- 
stall barn (8) with free access to water. 
Cattle were milked twice daily at 0500 
and 1630 hours. Cows were fed as a 
group. On the average, each cow was fed 
17 kg of a 16 percent protein complete 
mixed ration (9) twice daily plus 1.8 kg 
alfalfa hay daily. If cows produced more 
than 36.4 kg of milk per day, they also 
received 3.6 kg of shelled corn plus soy- 
bean oil meal (4: 1) daily for each 4.5 
kg of additional milk produced. 

Cows exposed to natural-length photo- 
periods produced an average of 30.5 ? 
0.4 kg of milk daily for the first 60 days of 
the experiment, whereas cows receiving 
16 hours of supplemental light produced 
33.5 ? 0.4 kg (analysis of variance, 
P < .002) (Fig. 2). At 10 days post- 
partuin, cows that received 16 hours of 
supplemental light produced 1.7 kg more 
milk daily than cows exposed to natural- 
length photoperiods, and at 20 days this 
difference increased to 3.1 kg. This dif- 
ference in milk production was main- 
tained for 100 days postpartum. The per- 
centage of fat in the milk was unaffected 
by photoperiod length. During lactations 
before this experiment, average daily 
milk yield of cows receiving natural- 
length and 16-hour photoperiods were 
not significantly different, averaging 23.9 
? 0.62 and 24.7 ? 0.77 kg/day, respec- 
tively (10). Thus, the supplemental light- 
ing-induced increase in milk yield could 
not be attributed to biased assignment of 
cows to treatment. 

On day 100, postpartum treatments of 
the two groups were reversed (average 
date of crossover was 21 January). Daily 
milk yields between days 60 and 100 
(before crossover) averaged 28.0 and 
31.4 kg for cows given natural-length 
(N = 18) and 16-hour (N = 18) photope- 
riods, respectively (P < .01) (Fig. 2). 
Between days 101 and 140 postpartum 
(after crossover) milk yields averaged 
27.7 and 26.8 kg for cows on natural- 
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more, we cannot exclude the possibility 
that the greater intensity of light pro- 
vided to the cattle subjected to 16 hours 

••2•,•T ~ & ?of light was associated with the in- 
creased growth and lactation. Additional 
studies will be needed to determine the 
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Fig. 2. Milk production of Holstein cows ex- 
posed to 16-hour (o) or natural-length (?) pho- 
toperiods between 15 September 1976 and 28 
March 1977 in Owosso, Michigan. There were 
46 cows per treatment between days 0 and 60; 
between days 61 and 140 there were 18 cows 
per treatment. At day 100, cows receiving 16 
hours of supplemental lighting were switched 
to natural-length photoperiods and cows re- 
ceiving natural-length photoperiods were 
switched to 16 hours of light. 

length and 16-hour photoperiods (analy- 
sis of variance, P > .05) (Fig. 2). Thus, 
switching cows to 16 hours of supple- 
mental lighting after 100 days of natural- 
length photoperiods appeared to retard 
the decline in milk yield with advancing 
lactation. But a 16-hour supplementation 
of light was not a sufficient stimulus to 
cause these cows to produce more milk 
between days 101 and 140 than cows ini- 
tially given 16-hour photoperiods for the 
first 100 days postpartum. 

It has been known for many years that 
the optimal daily photoperiod necessary 
to maximize egg production in poultry is 
14 to 16 hours of light (11). Lambs grew 
21 to 66 percent faster when subjected to 
16-hour as compared with 8-hour light 
periods (12), and feed efficiency was in- 
creased. These data, coupled with the re- 
sults of our study, suggest that manipula- 
tion of photoperiods may cause dramatic 
increases in food supplies from animal 
sources. 

The mechanism whereby 16 hours of 
light stimulate growth and lactation is 
not known, but it is probably not a result 
solely of increased serum prolactin con- 
centrations. The basis for this hypothesis 
is that the increases in serum prolactin in 
cattle normally observed after admin- 
istration of thyrotropin-releasing hor- 
mone or 16 hours of light are blocked 
when ambient temperatures are below 
5?C (13). In our experiments, the cattle 
were subjected to many consecutive 
days when ambient temperatures were 
below 5?C, yet neither growth rate nor 
daily milk yields were affected. Further- 
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