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'-ABSTRACT

Studies have sho&n‘heat stress soon after breediﬁg‘»
will lower the~farrdWingicapabilities of éwine° Tﬁe purpose
of this study.was to_evaluatevthree evaporative cooling |
treatments applied for a brief period at breeding time as
compared to,conventioné;vpractices of éhades and sprinklers
" to relieve heat stress.and‘improve first service farro&ing
rates.

| Research was done in cooperation with a, swine pro-
ducer in Southerﬁ Arizona operating under normal swine pro{
duction. . Their breeding and farrowing'records showed that
high ambient temperatﬁres decreased:farrowing from first-
-service. The control,'ﬁréatmént I, énd,tréatment 1T breeding:.
.pens were dirt with slatted shades and Sprink;ers° Treate.
ment I involved the_use_bf a fan discharging‘air into the
~ breeding pen;' Treatment ii had an:evapbrative coolef dis-
charging cooled air intd:the bi‘eeding'pen° An enclosed
brick structuré céoled‘bnly'by an evaporative cooler was |
used in treatment III. |

Comﬁarison of the farrowing of sows in the'treat;
ments with the control did'ﬁot Show any sigﬁificant increase
in farrowing fromrfirst service. VThe'codling methodS'used»

were not sufficient to relieve heat stress.

Sviio



INTRODUCTION
4

mtA ccueistently high‘level ofvefficiency in reproduc-
. tion of smine is important for a profitable farrow to finish
operation. For an efficient operation, a constant supply of
_piglets is necessary so the faCllltleS can be used to
maximum capac1ty° The number of pigs available for feeding
is debendent upon the number of sows which farrowed and upon
the size of their litters. With good breeding and environ-
mental conditions a farrow1ng rate of 90 to 95 per cent
from serv1ce at the first estrus - after farrOWing can be
expected° - In Southern Arizona farrow1ng rates from breediné
during the hot'summer mcutbs may be lowered to 60 ora70 per
v cent° A means to improve the climatic environment might
effectiVely increase»therfarrowing rate'from summer breed~-
ing.

| ‘Evaporative cooling can be used to improve the
climatic environment. The eummer ambient climatic condi-
" tions in Southern Arizona are usually hot and dry. These
conditions are suitable for use of evaporative cooling to
produce-a more comfortable climate by lowering the air
temperature° _The use of an evaporative cooier discharging
cooled air in the area of breeding swine may increase the

reproductive effiCiency of the sw1ne°r



_ fhe objeet’ef this study.WaS'tO‘aetermineIthe
effects of short term evaporative eooling on breeding swine.
ThlS objectlve was achieved by

qu_'Identlfylng the relatlonshlp between reproductive
_performance in swine and the seasonal temperature
'patterno_

2. Evaluatlng the effectlvenees of evaporatlve coollng
during the first five to seven days post breedlng |

on the farrowing capabilities of breeding swine.



LITERATURE REVIEW

-7

Research has‘beentdone by agriculture'engineers and :
animal scientists to determine the effects of highvtempera?
tures on gilts and sows during breedinghandrgestation,'
-Under controlled env1ronmental studies, reproduction of
swine has been shown to be lowered in a hot environment. At
the Ohio Agricultural Research and Development Center
researchers observed data from 240 gilts at three different
wet-bulb temperatures (Roller,,Teague, and Grlfo 1967).

They founo that the per cent pregnant at 25 days was reduced
with the higher dry-bulb temperatures, but an increase in .
the reiative humidity had no'effect; The bred gilts in the
higher temperatures showed-a lower feed consumption and
lower average daily_gainoi f ;

Researchers in California exposed soWs‘after 85 days
of pregnancy to 105 F temperatures'(Hughes, Heitman, and
Kelly 1951). The high temperatures caused increased respira-
‘tion rates, lowered feed consumption, and elevated body
temperatures. During the heat exposure, one>sow died due to
the high temperaturesu- They concluded that although the
'sows showed obvious symptons of stress bafter 85 days of
pregnancy the reproductlve capa01ty of the sows was not
greatly affected by the hlgh temperatures°
3



in Florida, embryo‘survival up to 25 days of- :
pregnancy was compared in gilts>in environments with
temperatures maintained at 60 F and 90 F in shaded pens
dﬁring late summer (Warnick et al. 1965). After two  years
and:three different trials, they concluded that there were
1.9 more embryos (13.2 - 11.3) at 25 days post breedimgvin
gilts maintained at 60 F than in gilte maintained at 90 F.
Cooling sows during periods ef high temperetures, especielly
immediately afrer breeding, ma? increase embryo survivel‘and
subsequent iitter size.

The effect on conception rate of high ambient
temperatures prior to breeding and in early gestation was
investigated in Oklahoma (Edwards et al. 1968). Two
enVironmental chambers were used. 1In one chamber the -
temperature was kept at 102 F for seveﬁteen hours and 90 F
rfor the remaining seven hours of the day. The second chamber
was contrclled nct to exceed 74 F; Nc attempt was made to
_reguleté'humidity° In all.trials, giits;werebhoused in
outside lots prior to entering the chambers and returned to
rhe outside lots after being released from the chambere, In
7Triai;I, conducted from February to April, l7igiits were
placed in the hot chamber for ohe eStrous-cycle before
breeding. After breeding, they'were moved £§ the outside
.lctso In the hot chamber,-fiVe gilts died and another did
mnct-conceivem The gilts in-the cool chamber hed an averege

of 12.3 viable embryos as compared to an average of 11.6 per



-surViving gilts in‘thé hot chambef,' This difference was not
significant° | |
In Trial ITI, conducted dufing June and July; 11

gilts'weré placed in each of the chambers five days prior to
breeding. After breeding, they were returned ﬁo_the.outsidé
lots. The results were similar to those in Trial I, éxcept
,no‘gilts died; | | o |

| In Trial III, three replications of fouf different
'.treatments were conducted during March and April, November
and Decémber, andAJanuary and February. In treatment 1, the
gilts were.éonfined in the hot:chamber'for the first 15 days
.after breeding and then_ﬁoved sztﬁéwdﬁtside lots until
slaughter° .In treatment 2, gilts were kept in the outside
loté for the first 15 days after breeding and then placed in
the hot chamber for 15 days. in‘treatment 3, gilts were
‘confined to the cool chamber from breeding until slaughter°
In treatment 4, gilts were maintained in the outside lots .
until slaucjhter° Gilts weredslaughtéred between the 30th
" and 35th'déy of gestation and fhe reproductivé tracts were
recovered,
| | The reproductive performance of the gilts in Trial
III is summarized in Table Io‘ The gilts exposed to heat
stresé-fOr the first 15 days pbsfjbteeding had the lowest
conceptioﬁrrates énd significantly fewer viable embfYost”‘

-Fféﬁ'these trials,jthe feéearchers concluded that

heat stress during early gestation is more critical than-



Table I. Performance of Gilts Following Post'Breedlng'
‘Exposure to Environmental Chambers (Edwards
et al., 1968)

Treatments
1 2 3
‘Stressed Stressed Cooled
15 Days ~ 15-30 Days .~ 1-30.Days
Post ‘Post "Post - . -4
Breeding = Breeding Breeding  Control
Per'cent
pregnant at ‘ o .
slaughter ° 62.0 .. 90.0 94.0 91.0
Viable |
embryos per 4 R = : o '
gilt = 8.7 - 12.5 12,20 11.6
Per cent o |
viable of : V ‘ '
-ovulated 59.7 . 83.2 . 8l.6 83.4

heat stress.prlor to breedlngo, Gilts were more susceptible
to high amblent temperatures the flrst fewldays after
breedlng than after 1mplantatlon had occurred

In a Purdue study, post breeding heat stress con-
sistently decreased embryonic survival if begun the first
day after breeding (Heidenreich, Tompkins, and Stob 1967).
Heat stress beginning>20 days after breeding did not cause
any 51gn1f1cant loss of embryos when compared with animals
without heat stress. It was also observed that 1ncreased
levels of stress 29 days after breedlng resulted in death

of the sows before death of the embryon



The results of these studies show heat stress of
breeéingiéwine will,ldwer,the,reproductive’capabilitieef
Heat stress right after breeding is the time meet detri—e:
mental to_pregnancy° A means to relieve Heat stress duriug.
-and following breeding may improve the swine'erbreeding
r_efficiency° |

Evaporative Cooling as a Means of
Reducing Heat Stress

VThe simplieitY-of equipment and low operating costs .
-of evaporative cooling‘enhauce the practicality of its use
for improVing agriculturalrproductioh where climatiC'coudi—
tions are—favorable° >An understandiug of the basic theory
1nvolved in the c¢cooling process is helpful in u51ng it to
lits greatest potential |
Evaporative cooling (Watt l963)ioccurs when a free
water surface and a nonsaturated air-vapor mixture-are in
contactur Heat and water transfer occurs because-the air-
vapor mixture seeks an equilibrium of temperature and Vaper
pressure. Heat flowe from thelwarmer to the colder medium
- and uater'vapor flows fromrthe.higher'vapor pressure te the
lower vapor pressure, |
Evaporative cooling is an adiabatic process,
1nvolv1ng an exchange of sen31ble heat for 1atent heatr
The initial air-vapor'mixture, usually at a higher tempera—l
ture thau the water, releasesisensible heat, heat that is

associated with a change in temperature, to the water. This-



: heat-e&époratesfthe water'énd is rétained_és latent-heat;
heat asSociated with a chaﬁge in the physical state of the..'
substance., The epd_resultbis an air—vapor'mixtﬁre with é
lower Senéible heat and temperatureVand a higher:latent-Heat
and relative hju_midiﬁyo The total heat éontent remains the
same.

With no heat géined_br 1ost, evaporative cdoliﬁg«is
1iﬁitéa in cqoling capacity¢ The cooling capacity is
directly related to a value equivalent to one minﬁs the-
degree_of'saturation of the initial air condition. At a
given temperature, dry air can absorb more water vapor than
moist air before it becomes saturated, so the air;vapor

mixture at lower relative humidity has the potential to

Y

exchange more heat and proVide\a'greater decrease in the

dry-bulb temperature of the air.

The evaporative cooling process can be illustrated
by the use of a péychrometfié’chart (Figure 1). Whén'én'
unsaturated alr-vapor mixture With dry—bulb.and'wef-bulb
temperatﬁres of state point A enters an évaporatiVevcooler
and Coﬁes’in contact with é.fréé water surface, the cooling
of air takes place by the adiabatic proceés, fhe mixturé
will follow the constant wet bulb line towards state point
_-B° In'ah eVaporaﬁive coolér, complete saturation does not
occur. ‘The final condition of the air would fall between
points A and»_E° The exact location'of point C is dependeht

upon.thé.eVaporating efficiency of the cooler.



Dry-Bulb Temperature

Figure 1. Psychrometrie Chart Illustrating Adiabatic
Cooling
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When cooling large quantities of air, a large wetted
surface area is needed to provide the opportunity for wvapor-
ization. This is usually accomplished by forcing air
through a one- to two-inch thick layer of wet porous
material, such as aspen excelsior. The sheet, or pad as it
is more commonly called, is kept wet either by dripping
water on the upper edge when oriented vertically or by
spraying the entire surface. Air is forced through the pad
by a fan, usually pulling from the downwind side, and dis-
charged into the area to be cooled. The reduced temperature
and constant movement of the air enhances the convective
cooling of any object or occupant in the area.

The principle of cooling by evaporation can be
applied more directly to enhance conduction cooling by
wetting a surface. Removal of heat by evaporation of water
from the swine's skin surface can be described by the

evaporative heat transfer equation (Esmay 1969):

0Oe = keAeVn <Ps - Pa> (1)

where: Qe is the evaporative heat transfer,
ke is the evaporative constant,
is the effective evaporative (wet) area,
Vn is the air velocity to some power n,

P 1is the vapor pressure of water on animal's
surface, and

pa is the vapor pressure of water in the air.



11
- As seen by,equaﬁion (1), air velocity is an
iﬁportant factor in evaporation of water in evaporétive
'heat—tfansfer, Using a,fanrto increase the air velocity:
hear the skin's surface will enhance the amount of heat

removed by evaporation from the swine's body.



" EXPERIMENTAI, PROCEDURE

ThlS study was made in cooperatlon with the Arlzona
Hog Company and the manager of thelr swine productlon
~facility at Sahuarlta in Southern Arizona. The tests were
":made during normal operation of the facility and integrated‘
into the system to;minimize changes. in the management'pro-
' gramol |

Sows were bredrthe year around to keep their
-farrowing,house:and other equipmentifully utilized. The‘sew
cYcie_included consecutive periods in the breeding pen,
gestation pen,‘farrowing house, and the holding éen or pre-
.breeding conditioningpen° o

"After.five to seven days in the breeding pen- the
SOWsS were transferred to the gestatlon or range pens |
(Flgure 2). These pens were fenced areas. provided w1th
slatted shades. Flfty sows. and one boar were kept in each
:'peno The boar in the gestation hen was used to breed any
- . sow that falled to conceive on the flrst estrus after
farrewi-ng° Sprinklersdwere nsed in the pens to provide
vpartial relief frem the heat.

: From the gestation pens, the sowsvwere moved to,the>
pre-~farrowing preparation pens one to four days,prior to _
farrowingdand:prepared for the:farrewing house,h In the |
,farrowing house, the SOWS'Were kept in crates (Figure 3)

12



Figure 2. Gestation Pen

Figure 3.

Farrowing Crate in Farrowing House

13
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with snout evapofative CoolerS~tb-reducé,the effecfs of higﬁ
ambient temperatufes,

| The pidlets were weéneaiét fouf weeks of agé, and
fhe éows were'transferred to tﬁe conditioning pen»loéated
édjacent to the breeding pens,v'Aftef.two Orvthreé days, two
‘dr three sowé were put iﬁ a breéding pen for five to Seven 
days and serviced by one boar. | -
.The'bfeeding pens were Zb—lby 30-foot dirf'pens wifh_
slattéd shades eight feet wide.and extending ovér the 20-
foot dimensién bf thé pen. Sbrinklers were uséd to provide
'reiief from the high ambient temperétgreso Two manually‘l
controlled sprinklers were placed at the edge of the.shaded
area.: The rate‘of sprinkling was set to provide wetfiﬁg.oﬁ
}the Ereeding'swine° If the weather conditions were such
that the rate of application from the sprinklers was too
great and excess water acéumulated dnAthe_ground,'the
sprinklers were tﬁrned off. The sprinklers were off until
"~ the excess water had seepedfor evaporated away. Thelmanage—
ment preferred é relatively'dry‘gfound to provide sure~foot—
-ing for fhe_bréeding swine.
| ‘Management records for previous years wéfe analyzed
to identify reproduction.pérformance‘in the«existing
facilities and-condiﬁionso"This analysisArevealed.that the
 combinatioﬁ‘of shades and sprinklers had'not'proﬁided a
climatic environment sufficiént_for good summer bfeeding"

‘efficiencyo The percentage of sows farrowing from first



| 15
service when bfed‘at differentjmonths of.the,year-(FiQUre 4)
is béséd on data frqm records of the'Arizoné Hog Companyl
Sahuarité, Arizona (Hanneman 1969)° During 1969, there were
1476 matings of.which 20 per cent were gilté° The sows.thafi
féiled-to produce a litter after several services or culled
for othé; reasons are not included in these data. First-
service pregnancieé,included any sows that farrowed between
four days prior to due datevand eight days after due date.

The monthly average maximum temperatures as recorded
at_Sahuarita'Arizoné Climatological Observation’S£ation.
during the samé.period are also shownAon Figure 4 (U;-Se':
WeatherABureau 1969). The general relationship'between the
temperature and:therpercentage of sows farrowing during the
year is‘o]bvious° During the months bf highesf temperafures
the breeding efficiencies are the lowest. This relationship
also reflects the near ideal climatic conditions dﬁring;the
w:_'Lnter° That is, except for JanuaiyﬁAthere appears to be no
detrimental effects froﬁ,cold weather-stréss° At temperaf
tﬁres lower than thoée recorded hére, the influence.on
breeding.efficiency would likely be detrimental°

The monthly average maximum temperatures ére plotted
against the per cént-df sows farrowing froﬁ service_during,
their first estrus period in Figﬁre 5. The linear chréla—
tion coefficient for-theserpoiﬁts is.—?79 and is significant
at-thé 5 pér cent levél° The correlation would have been-

higher if data were limited to temperatures above 65 F or :
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.70 F,. This shows there is an inverse'relationship bethen
farrowing‘from first service aﬁd the monthly maximum tempera-
tures, clearlyisubstantiating the detrimental effects of‘ |
heat stress on swine reproduction in a commercial herd under
_production management'conditions° |

Threevdifferent evaporative cooling'treatments;for
'imoroﬁing'the climatic enrironment were included in this‘
 stud§7° In treatment.I, a fan was mounted'to provide un-
treated air movement under the shaded part of an open pen
(Figure 6). The fan wes eight feet above the ground and
positioned with the fan axis:at a 45Q angle to the ground.
The fan delivered 5,500 cfm 6f air under the shaded area.
'vThe fan was turned on at 11:00 a.m. and turned off at 8:00
p.m° each dayo Sprinklers identicalrto those in the breed-
1ng pens were operated on a 81m11ar schedule° The moving.
air enhanced evaporation from the wet surface of the sow's
body, providing direct surface cooling.

Treatment IT had a conventional packege evaporative
cooler.in placevof_the.fan (Figure 7). It was placed and
positioned to blow air within the shaded area of'the penav
The evaporative cooler was turned off and'on;at>thé same
time as the fan. The pen included sérinklers with a design
and soheduleiof operation similar to treatment I and other
breedihg pens. The cooling method was similar to_that'iﬁ
treatment I, but possessed the potentlal for coollng whether

the body surface was wet or dry.



Figure 7. Open Pen with Evaporative Cooler (Treatment II)
— Duct in photograph receives air from cooler on

roof and directs it in same direction as in fan
cooled pen.
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In treatment<III; sows were housed in a-28—nby 14_'
rrfobt‘ehCIOééd, evaporatively ¢ooled brick stfucture (Figure,-
78)° The walls were six and one-half inches thick with three
windéWs and‘two wood doors. The overall héat transfer U-
vélue.for the walls, including'doérs'andeindows~was 0464
BTU/hr ft2 Fe;bThe ceiling was constructed of corrugated
steel roofing with'three inches ofrglass wool fof inéula—
tion. The heat transfer U-value for theVCeiling was 0.078

BTU/hr £t?

~F. The gabled roof consisted of corrugated
steel with open air_space above the ceiliﬁg° There were no
Sprinkiers° The conventional package cooler was controlled
- by a thermostat set at 80VF,, It provided approximately one
aifvchéngevwithin'the structurevper minute.

The bréeding pens'used for control treatment were
the same size and design as fhe open experimental-péns
(Figure 9); Sprinklers were used, but there was no forced
movement of air; As in all pens, sprinklers~wéré turned
- off and oﬁ by hand. |

The.séws, boars, and‘physical equipment were all
handled and operated by emplOYees of the Arizbna‘HbgACompany »
_under the supervision of the farm manager. The éooling
equipment was added- to the exiéting facilities and all

- treatments were integrated into their system of management;'



Figure 8.

Enclosed Evaporative Cooled Structure
III)

Figure 9. Control Pen

21
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DATA AND RESULTS

Thércooling tests were conducted during the pefiod
of_Jﬁly 1 through~September 28, 1971, Hygrothefmographs.
-were installéd to recorditemperaturé and relative 1'1umidityo
The hygrothermogréph in the control pen wasxiocated five
feet above the ground in the shaded areaol The hygrothermq—
~graph in the énclosed structure of treatment III was-loca%éd
four and one-half feet above the floor and near the Cenfer
of the pen, Figure 10 shows the weekly high temperatﬁres
~and relative humidities'recorded by the‘hygrothermographs.
The average,daily high témperature aﬁd corresponding rela-
tive humidity for the control pen wére 92,3 F and 24.2 per
cent. The tempefatures recorded for the month of August
-are lower than the:normal temperatﬁres for that month. The .
enclosed sfruéture had an average daily High temperature of
8064 F and a.relative humidity‘of»62,8 per cent. There were
no temperature-or‘relative humidity recordingidevices within
the other tréatment'areas because of fhe variability of the
éirvconditions at different locations within the pen and ﬁhe
limitea number of hygrothermographs available. |

Each week respiration rateé of the sbws'were counted
at a time éorresponding £O'£he daily'high température° At
the\time‘of measurement, there were no other visible,signs
of heat stréSS-ofydi8comfort,' A non-stressed sow will

22
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ﬁormally'havé a réspiraﬁidn'fate of 8 to 18 breaths per
minute wifh an average of'lS (Ensminger 1961). The average
respiration rates for tfeatment I, treatment II, treétment‘””
111, aﬁd‘control are‘28; 23, 33; and'26,.reSpectively, The
SowWsS weré.apparently unde; stress and there Wére differences
in average respiration rates of sows in different treét—
ments, but the variability betheen“individual SOWS wés so.:
great that the difference,betweén treatments‘was not.
sighificantor |

| Since thé tests were conducted under producfidn
conditions in a cooperating producer's herd, internal_body
temperatures'wefe not taken. Any measurement or activity
that might contribute to stress was purposely‘avoidéda

The breeding swine's skin surface temperaturé was

measured at mid-day. ,Wifh the slatted shading, there were
differenées in tempe:aﬁures betWéen points in a shaded strip
and pointS'ih an immediately adjacent strip'ekposed to direct
suhlighto For example,'usihgraysmall thermocouple to measure
surface temperature of dry skin, aréas.exposed to the sun
read 100 F aS‘cbmpared to 91 F in the shaded area. Conse-
quently, the temperatures recorded did not give a good
repfesentation of the surface temperature.

| ,Table IT showéAa comparisdn of4performance aséoéie-'
ated with the evaporative cooling treafments used in thié
study. Treatment II is the only'treatmeht that showed any

improvement over the control in farrowing percentage from



Table II. Comparison of;Reproductive Performance

Treat-

Treat- Treat-
ment ment ment 1971
I II S IIX Control Totals’
Sows serviced - . . 29 29 99 . 224 1530
Sows farrowing E ' .
from first service 6 22 59 139 -1050
Per cent of sows
farrowing from ' A
first service .. 20.6 7509 . 59.5 62.1 68.6
Total per cent of _ i
sows farrowed . 79.4 93.1 88.7 91.1 95.0
Per cent of sows
culled . »
Non breeding S 17.0. 6.9 6.7 5.9 3.0
Health reasons 3.6 0.0 6.6 3.0 2.0
Litter size
(first service) »
 Born 11,0  10.6  11.3 11.3 - 10.8
9,6 10,1 9.9 9.8

Alive at birth ~10.6
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first service. -Stétistically, usingithe multiple range feSt
on proportions with the Student—Néwman Kuel's procedufe
A(Steeiland Torrie 1960), there are no significant differ—j
ences at the 5 per cent levei in therfarrowing<of son in
control and treatment II or treatment III. Treatment I‘was>
significantiy lower than control at.the 1l per cent levei;

The iow reproduction performance of the sows in
treétment I may have been caused by'one or two factors.
First, examination of records revealed differences in
previous perférménce betweenvsows,ofrdifferent treatments.
The pércentage of sows in treatment I failing to farrow ffom
first service during previous pregnancies was higher than in-
other treatméni:s° Sows in treatment I previously had first
service'farrowing rates of 67 per cent as compared~to 97 per
centAin sows of treatment II, and 83 per ceht among thdse in
treatment III. In this study, the sows for each treatﬁent
were selected .at fandqm, dividing them amoné various pens as
they became'évailablerfrom the farroWing house and condi- |
tioning pen to minimize the,possiblerdifferences from changes.
in weather, |
| Secona, the breeding pen of treatment i was.higher.
in elevation than the other breeding pens. Therefore, when
the-spfinklérs were turned off, any_éxcess water drained
aWayrfastef than in the other pens and the sows did nét have
Sufficieht residual water to relieve the high temperatureé;

On one occasion, water was standing in the other breeding
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pehs,.sqrthe sprinkleré wéreileft off to prévent fufthef3 
developﬁent'owaalloWé; rThé,séws in tréatment I were -dry,
had no wet ground, and were hot. = This may have happened
-ét other times dufinglthe'summer,:inflicting periods of heat
stress on the sows. |

There was no sighificant-difference in.averaéé liﬁterv
size between sows that farrowed with different cooling |
treatmenté° Comparing the average'litter size for the year
with the-éverage litter size for the summer also showed

no significant difference.:



CONCLUSION
| The results of this study show there is a detri-
~ mental efféct of seasonal high temperatﬁres on breeding
swine. Use of evaporative cooling to reiieve heat stress
may.be‘helpful; but éhe degreerof éliméte modification
necessary to maintain normal reproductive performance must .
be greater than any provided in this teét° Neither first
serviée farrowing percentage nor litter size were improved

by environmental change.

Recommendations for Future Study

Futuré studieé inh evaporative coqling for swine
| should include solid shades rather than the slatted type
- used in this study. The cooiihg poteﬁtial of snOW'fencing
is only about 60 per cent that of"soiid shades (Welchert
1960). It is Quite possible that replacing the existing
‘slatted shades with solid ones would do more to impréve the
climatic environment than any of the evapérative cooling
treatments in'this'study° The variation in skin tempera-
tures between shaded and unshaded pb:tions of a sow demon—
. strate the incomplete utiiization of shade potentiai°

The.tests would aléo'be-iﬁﬁrbvedbby providing
individual control of sprinkling systems for each pen.
Thus:,, when one pen is getﬁing muddy,vthe flow need be

28
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'~adju$ted;for that pen only. Automated controls to totally 1
‘wet the_soWs every few minutes might imprQVé béth éooling
effectiveness and control of excess water.

Improvea'cooling might beréchieved.in treatment IT
:with the convenfidnal cooler by partially enclosing thé‘péno.'
Three sides of a rectaﬁgular area might be enclosed with the
evaporaﬁive cooler dischérging air into £he enclosure frbm'
"the open side. The open end would.provide free mévemenf of
- -the swine to miﬁimize changes from curreﬁt praéticesbin
handling. Enclosing the sides only part way down might
~cool with equal effectiveness and further minimizé restric-
'fion of_énimal movement. |

The experimental design should include selection of
'sows td reduce differences in. previous performances. Sows
fdr each treatment could be randomly selected from grdups
with comparable breeding.and gestation history. - o

| ’ .The boar$>used in this study were assigned to thé

bfeeding pens by the farm manager'and reﬁlaced or rotated
on a reéﬁlar but_infrequent interyal° This bractiée; thoughr
.customary in production management, may inflict boar fer-
tility differences in the treatments. For a more nearly
ideal expériment, fhe boérs shouldvbe rotated mére fre_

quently,'perhéps on a daily basis.
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