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Summary
PRINKLING cattle under shades during
Sfornia
the summer in the Imperial Valley of Califor I rain. every 30 rain. when the
temperature was above 80 F (27 C) resulted
in significantly higher feed consumption and
rate of gain compared with cattle under
shades and not sprinkled. Efficiency of feed
conversion, although favoring the sprinkling
treatment, was not significantly improved over
that of uncooled cattle. Sprinkling was as effective as a refrigerated air conditioned barn
at 75 F (24 C) in one trial and more effective
during a second trial. Sprinkling and refrigeration promoted greater comfort as indicated
by lower respiratory rates and body temperatures in the afternoon. Both noncooled and
cooled cattle consumed more feed and gained
more weight with 40 ft2 (3.7 m2) per head of
space than with 20 ft2 (1.86 mS).

floors are increasingly being considered for
use in manure management systems, and
spray or sprinkling systems can be readily
adapted to these floors. If sprinkling results
in better cattle performance, such floors can
be more easily justified economically. A factor
to be considered in determining the economics
of slotted floors is the space required per
animal. Previous work with slotted floors in
the Imperial Valley indicated that with heavy
cattle under summertime conditions, reduced
performance resulted when the space allotment was below 40 ft2 (3.7 m2) per animal
(Morrison, Mendel and Bond, 1970). During
cooler periods, smaller allotments sufficed.
Thus, sprinklers might reduce the space requirement in hot weather and still improve
performance.
Experimental Procedures

Two studies were conducted at the University of California Imperial Valley Field Station. The first extended from July 1 to SepSprinkling of cattle has long been'known to tember 30, 1970 during which time the mean
be beneficial in relief of heat stress (Minett, ambient temperature was 91 F (33 C) and the
1947; Seath and Miller, 1948). Kelly, Bond .range was 57 to i15 F (14 to 46C). Twentyand Ittner (1955) reported consistently im- four Angus and Angus x Hereford steers, each
proved cattle performance with sprinkling in weighing about 450 lb (204 kg) were assigned
the Imperial Valley of California. Because of to four slotted floor pens of 160 ft2 (approxithe low energy level of the rations, however, mately 15 m2), six head per pen. All pens
the actual performance achieved was low; and were covered with aluminum shade. One pen
there were problems with muddy pens, hu- was equipped with eight sprinkler nozzles conmidity and the methods of application of trolled by a thermostat and timer to wet the
water. It is possible that the mud created by cattle for 1 min. every 30 min. when the air
the surplus water prevented greater response temperature was 80 F (27 C) or above. Anito the sprinklers as mud has been reported to mals in nonsprinkled pens served as controls
have a pronounced adverse effect upon cattle for the sprinkling test as well as for 18 steers
performance (Morrison et al., 1970). It ap- (six head per pen) randomly selected from
peared desirable to study sprinkling of cattle the same population and kept in three combeing fed rations capable of promoting higher parable, slotted floor pens housed in a refriglevels of gain and being housed in slotted floor erated barn maintained at 75• F (24C).
pens to avoid the problem of mud. Slotted All cattle were fed a high energy ration con1 Presented as Paper No. 72~.23 at the Annual Meeting of
sisting of 5% each of alfalfa and Sudan hay,
the American Society of Agricultural Engineers, Hot Springs,
67.5% rolled barley, 4% hominy feed, 6%
Arkansas, June 27 to 30, 1972.
Associate Professor of Agricultural Engineering, Davis, Caliwheat millrun, 7% molasses, 3% fat, 1% each
fornia.
Agricultural Engineer, AERD, U.~.D.A, Davis, California.
of urea and ground limestone, 0.5% trace
4 Professor of Animal Science, Imperial Valley Field Station,
mineralized salt and 1,000 IU of vitamin A per
El Centro, California.
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pound of ration (2,200 IU per kilogram). Initial and final weighings were made after the
cattle had been held 12 hr. without feed or
water. Once each week from mid-July until
mid-September respiratory rates and rectal
temperatures were recorded at 6:30 am and
2:30 pm. At the start of the experiment, 10
steers randomly selected from the same population as those continued on the experiment
were slaughtered to determine initial body
composition from carcass specific gravity
(Garrett and Hinman, 1969). Half the cattle
from each treatment were slaughtered at the
conclusion of the test to determine changes in
body composition.
In experiment 2, which ran from June 9 to
September 29, 1971, the mean ambient temperature was 89 F (32 C) with a range of 51
to 118 F (11 to 48 C). Grade Hereford steers
with an average initial weight of 640 lb (290
kg) were assigned to the experimental design
shown in table 1. The pens were the same as
those used in experiment 1 with three pens
being equipped with sprinklers. In the case of
the animals given 40 ft 2 of space per head the
eight steers were housed in two pens, four to a
pen. Those given 20 ft2 were housed in one
pen containing eight head. A view of one of
the sprinkler pens is shown in figure 1. All
outside cattle were under shade. As in experiment 1, morning and afternoon measurements
were made of respiratory rates and rectal temperatures on four randomly selected cattle
from each treatment once each week. The ration was made up of the same composition as
that fed in experiment 1. All cattle were on
slotted floors except the 12 control animals
with 40 ft2 (3.7 m s) of space, which were
housed in a conventional dirt pen. This difference in type of pen was not considered important as results of two earlier experiments indicated no significant differences in either feed
consumption or weight gain when cattle were
maintained on a slotted floor or in a dirt pen

(unpublished data).
Results and Discussion
In the first experiment, cattle cooled by refrigeration or by sprinkling ate significantly
more feed and gained weight significantly
faster than did the uncooled control cattle
(table 2). However, efficiency of feed conversion was not greatly affected. The increases in
weight of 0.53 lb (0.24 kg) per day from
refrigeration and 0.66 Ib (0.30 kg) from
sprinkling were considerably greater than

TABLE

1. D E S I G N FOR E X P E R I M E N T

2

Experimental treatment
Space
allotment

No cooling Refrigerated

ft ~ per head
20 ( 1.86 m s)

8

40 (3.7 m~)

12

Number of steers
8

8

Sprinkled
8

8

those reported earlier by Kelly et al. (1955).
Freedom from mud and an effective method
of water application were probably partially
responsible for this improvement. The system
used in these studies provided sufficient water
to wet nearly the entire surface of all steers
to the drip point, although there were areas
on some cattle which were only slightly wet or
not wet at all. Thirty minutes after sprinkling
the skin usually appeared dry again.
The control cattle were under some degree
of heat stress even in the morning, as their
respiratory rates and body temperatures were
significantly higher than those of animals
cooled by refrigeration or sprinkling. The
morning measurements were made at 6:30 am
and data accumulated at this station indicate
that the coolest time of day during the summer months is usually between 5 and 6 am.
At 2:30 pm when the afternoon measurements
were made, the respiratory rates and body
temperatures of the uncooled cattle indicated a
marked increase in heat stress. Refrigeration
prevented the increases in both respiratory
rate and body temperature. Sprinkling, however, did not completely prevent these increases, although it significantly reduced their
magnitude. This increased stress did not adversely affect the performance of the sprinkled
cattle, as indicated by the feed consumption
and weight gains. Although differences were
not statistically significant, there was a trend
for the cattle subjected to cooling to have
slightly lower body fat and higher protein
than the control cattle. This observation supports earlier unpublished data obtained in a
trial comparing cattle cooled by refrigeration
to uncooled controls. The finding, however,
needs further verification.
In experiment 2, as in experiment 1, cooling
cattle either by refrigeration or sprinkling sig 7
nificantly increased feed consumption and
weight gain, but did not greatly affect the efficiency of feed conversion (table 3). Contrary
to the results in experiment 1, however,
sprinkling significantly improved feed consumption and weight gains over refrigeration.
A possible explanation for this was the failure
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T A B L E 2. P E R F O R M A N C E OF T H E C A T T L E IN E X P E R I M E N T
(Values in parentheses are kg or ~ as appropriate)

1

Treatment
Item
Daily feed intake, lb.
Daily weight gain, lb.
Feed per p o u n d gain, lb.
Respiration rate, No. per rain.:
6:30 a m
2:30 pm
Rectal temperature, ~
6:30 a m
2:30 p m
Body fat, %
Body protein, %

No cooling
13.64 ~
2.408
5.68

(6.19)
(1.09)

79 ~
109 d
102.5 c

104.4 d
24.5
16.6

Refrigerated barn
15.20 ~
2.g3 b
S. 19

(6.90)
(I,33)

~9 ~
63 ~
(39.2)
(40.2)

101.9 "b
102.1 ~
22.9
16.9

Sprinkled
16.01 b
3.06 b
5.23

(7.27)
(1.39)

58 ~
90*
(38.8)
(38.9)

101.5 ~
102.9 c
22.1
17.1

a, b, ~, a Values within appropriate comparisons having diffe rent superscripts are significantly different at P<.01.

(38.6)
(39.4)
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TABLE 3. PERFORMANCE OF CATTLE IN EXPERIMENT 2
(Values in parentheses are kg or ~ as appropriate)
Treatment
No cooling
DaHyfeed intake, lb:
20 fff per head (1.86m ~) 15.79
40 ft2 per head (3.7m 2) 16.47
Means 16.1M
Daily weight gain, lb:
20 fC per head
2.40
40 fff per head
2.47
2.44"
Means
Feed per unit gain:
20 fff per head
6.58
40 It* per head
6.68
Means
6.63

40 fff per head
6:30 am
2:30 pm
Rectal temperature, ~
20 fff per head
6:30 am
2:30 pm
40 fff per head
6:30am
2:30 pm

Sprinkled

Means

(7.17)
(7.48)
(7.32)

17.13
17.35
17.24 b

(7.78)
(7.88)
(7.83)

18.56
19.05
18.80 ~

(8.43)
(8.65)
(8.54)

17.16 (7.79)
17.62 (8.00)
........

(1.09)
(1.12)
(1.11)

2.50
2.74
2.62 b

(1.14)
(1.24)
(1.19)

2.85
3.02
2.94 ~

(1.29)
(1.37)
(1.33)

2.58 (1.17)
2.74 (1.24)
........

6.86
6.33
'6.60

Respiration rate, No. per rain.:
20 ft2 per head
6:30 a m
6 8 ab
2 : 30 p m

Refrigerated

6.52
6.30
6.41

102 e

55 ~
61 ab

55 ~
59 a

66 "b
101 ~

57 ~
60 *b

73b
61 ,b

1 0 1 . 9 *b
103.1 a

(38.8)
(39.5)

102.2 bc
102.2 be

(39.0)
(39.0)

102.4 ~
103.4 a

(39.1)
(39.7)

101.9 ~b (38.8)
101.74 (38.7)

1 0 1 . 9 "b
102.1 b

6.65
6.44

(38.8)
(38.9)

102.2 bc (39.0)
102.1 b (38.9)

........
........

a, b, ,, a Values within appropriate comparisons having different superscripts are significantly different at P<:.O1.

of one of two blowers in the refrigerated facili t y during the last month of the t r i a l Although the one blower was adequate to maintain the desired temperature it was not able
to m a i n t a i n adequate ventilation during that
period.
The physiological benefit from sprinkling is
again indicated b y its prevention of the afternoon increases in respiratory rates and rectal
temperatures observed in the uncooled cattle.
I n contrast to experiment 1 the afternoon
respiratory rate of the sprinkled cattle was
the same as that of the cattle in the refrigerated barn.
The feed intake and rate of gain were
greater in every case when cattle were allowed
40 ft ~ (3.7 m 2) of space in comparison to 20
ft 2 (1.86 m~). Although these differences were
not statistically significant in this trial they
confirm the results of two earlier trials (unpublished data) and when all three trials are
combined the differences are statistically significant. I n experiment 2 (table 3) with no
cooling the rate of gain at 20 ft 2 (1.86 m 2)
was only slightly lower than at 40 ft 2 (3.7
m2). With sprinkling the decline in rate of

gain at the lower space allotment was greater
(2.85 vs. 3.02 lb per day) and likewise with
refrigeration (2.50 vs. 2.74 lb per day). Thus
the conjecture that cooling might reduce space
needs was n o t verified. I t is unlikely that the
value of the small increase in rate of gain and
feed efficiency at 40 ft 2 (3.7 m ~) in a n y of
these tests would offset the cost of the additional space.
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