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hatching size to a 3 Ib market size had been reducedsoper-
cent. Only about 8 weeks is now required. There ia serious
doubt that the effects of therma) environments on the growth
of present day birds would be the same as with strains used
10 years ago. Limited data on the effects of thermal environ-
ments indicate that both rate of gain and efficiency of feed
conversion are adversely affected at high temp Fig. 4
shows the weight gains of New Hampshire broilers at 85 and
65 F.2 Generally the larger and older the bird, the less
heut tolerant it is. Very young birds will requi.m supple-
mental heat under practically any weather conditions. The
problems of disease and mortality during adverse h
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conditions are also of much concern.

The problems of oontmllmg disease and mortality during
winter and early spring, and increasing the production of
birds during summer are of much economic concern.2

The adverse eﬁects of hlgh t.hermal environments (above 85
F) on egg p Jves'in fewer eggs re-
duced egg wexght., and thinner shells. Older hens (more than
1 yr of age) are more adversely affected than younger hens.
The birds begin requiring markedly more feed below an ave-
rage temperature of 45 F and become inactive and lay less eggs
as temperatures drop below 32 F.*

Other Physiolagical Reactions
An increase in mpu-atmn is one of the first visible responses

of farm livest to i air P

some change is desirable as a heat lati devme,ex‘
tremely high rates cannot be maintained without fatigue.
In cattle respiratory alkalosis with a decline in the CO, com-
bining power of the blood may also develop, but the temp

POUNDS OF LIVE WEIGHT PER BROILER

o g
WEEKS OF AGE
* Eoch fest dloried with 70 chickens, and the number wos periodicaty
reduced to 35 chickens of 10 weeks.

Fig. 4 .... Growth of New Hcmpshue Broilers at 65
and 85 F»

complished by closing and insulating the shelters. The peed
to lower the huxmdity and to replace respired and otherwise
contaminated air became & problem,

Winter ik lly are designed

move the mo:sture Iosd within the shelber Whm ﬁu.g B .
properly d, CO;s and will

ly remain at atisf? y levels.

Ventilation is the most economical answer to this need.
Supplemenml hahng of the air is generally used only in poo}
ng and swine farrowing houses. However, radiant

tures at which these more drastic results occur are several de-
grees above those at which pmductlon starts declmmg B

heating devlom such as electric heat lamps are frequently
used for spot heating newborn farm livestock. Solar heating
hrough the use of properdy oriented double-glazed windows

Respiration rates can also be 1 d by d per-
centages of CO, in the air. These increases occur at levels
below those regarded as critical in man. A level of 0.5 per-
cent is sufficient to increase respiration rates in calvea™
Pulse rate is generally too erratic to be very useful as an index
of thermal comfort, but, it tends to decrease with rising
temperatures. In cattle at extremely high thermal discom-

. fort (108 to 108 F rectal temperatures) thepu]semfein—

creases.™
Skin temperature is generally several degrees below rectal
temperature, but at an air temperature at or sbove the body
they lize. At air above the
body temperature, the skin may actua.lly be hotter than the
rectal temperature.
Thyroid secretion rates are tly iated with

and movement of intake air through the space between the
roof and ceiling is used to add heat in poultry houses.
Summer cooling, other than shades and hog wallows, has
received little attention on most farms. Hot weather was not
considered a serious problem. The current trend wwnrd con-
finement housing and the of -
per pound of feed has led to the adoption of other summer
cooling measures, However, mechanical refrigeration has
been used to only a limited degree, mostly in hatcheries.

Ventilation

Either natural or forced draft ventilation systems without
supplemental heat are the principle means of condxtmnmg e
! draft

within livestock shelters. Nat.
with wind

changes in air temperatures. Cattle t.hyroxd tivity

as temperature decreases.® Hyperthyroid chickens can with-

stand high temperatures better than hypothyroid chickens.®
Ammonia has been observed as a serious pmblem in pou!try

alone or a combination of windows or other
inlets and ridge or flue ventilators have been successful, but
are difficult to properly adjust with changing outdoor weather
conditions. Automatic damper controls help allemtc this

helters and high ions lead to red p

and even death. First evidences of excessive concentrations is

inflammation of the eyes of birds. This condition has ap-

peared after ten days expasure to 50 ppm of ammonia. Lungs

may also be damaged at concentrations abuve 50 ppm. g
The foregoing are only a few of the other physi ! re-

blem but positive ment, of a given t of air i8
lackmg Fans with thermostat or humidistat control have gen-
erally mplxced natural draft sy for winter ilati
The opening of windows on wall panels remains a useful de-

Air Conditioning for Animals

¢ » winter condensation problem, and readily collect
dust. In buildings where there is a deficit of heat available for
warming incoming air, exhaust air may be drawn from near

u)z floor. N .

t intake and
5hausi air must be avomded Broken windows, open doors,
or open hay chutes near fans are principal sources of trouble.
Qutdoor air ghould enter at a relatively low velocity to be

garmed and diffused before reaching the livestock.

There are a wide variety of recommended practices in the

t of fans ahout the periphery of the building. The
placement of the fan (or {ans) along one wall and the intakes
along the opposite and end walls is popuiar. This simple
system provided circulation of air over all animals and per-
mits fan placement in the leeward wall of the barn.

Some successful systems exhaust the air in the winter and
pressurize the shelter in the summer. Wind over the backs of
animals provides relief from heat.

Poultry house ventilation systems fall into two classifica-
tions: (1) those for broiler and chick brooder houses, and (2)
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“Swine housing ¢an be grouped into two general classifica-
tions: (1) farrowing houses (for pigs from birth to 25 Ib) and
(2) growing houses (for pigs from 25 to 250 1b). Some larger
swine producers have subdivided the housing with an addi-
tional aursery stage (1 to 2 weeks of age to weaning) and
housing for breeding stock. Environmental requirements
within the nursery will be similar to but less stringent than
those within the farrowing house. Those for the breeding stock
will approach but be less stringent than those for growing
houses. .

Current practices for the farrowing houses are:

Temperature: 50 to 75 F with small areas for pigs warmed to
80 F by means of brooders or heat lamps (cold drafte must
be avoided).

Humidity: up to 75 percent maximum

Veatilation Rate: 10 to 50 dm sow (the low rate for winter
and with newborn pij, rate when outdoor temper-
atures are above 35 mdmepn@mreadyforwennmg)

Current practices for growing houses are:

Temperatum 50 F (wmmr) to 75 F (summer)
in winter, no blished limit

thase for laying houses. In broiler a.ud blooder 0uses, g g
chicks require changing envi diti and heat
and moisture dissipation rates are increasing. Supplemental
batum&ﬂyfmmbmodersmusedupm4weeksofa.ge.AMhe
euiy stages of growth, mmswre dmpahon per bird is low.

tly, low ded to

pmvent excessive dryness. Lmer is allowed to build up and

. -dust can quickly become a problem (as can wet litter if the
- house is too damp). Current practices for broiler houses are:

Space: 06wlosqft/bu'd ngsqm/chxckundcrbmoder)
T Tempe_\::;ud: brooder ho 95 F, red 5 F d
empersture u ver: ucing leg
week until room wmpcnwre u mchad.
BE:-IW Humuhty 50 to 80 pe
tilation Rate: 0.5 to 1 cfm/lb q{ live weight in winter,
2 fm/1b of live weight in summer.

Poultry Iaying houses have two systems of management,
one with the birds on built up litter or slatted floors and the
other with the birds held in cages (usually 1 or 2 birds per
cage). Current practices for laying houaes with birds on
litter and slatted foors are: .

Space: On litter, 3 to 4 sq {t rhen(maybereduced(orumall
breeds). On Litter with uhK:y pit, 1 to 2.5 sq ft/per hen. On
data lw2antperhen

gum:d.'t 504580percen &F

to

Vhlau{mlhm 1-3 cfm per bird in winter and 4 to 6 cfm

per bird in summer.

. Ct_ment practices for laying houses with birds in cages are:
< 1 to 2 sq ft per hen
,,P“ PPe

Humidity: 50 to 80 percent
Ventilation Rate: 5 to 6 cfm per hen ‘with provisions for open-
ing windows or side walls in summer.

toBSF

()meut practices for egg storage are:
Hatehing eggs (chiskens)
: 45-55

vice for summer ventilation but even these are freq

actions that have been investigated in an eﬂ'ort to learn more
about homeothermic processes, and the need for conditioning
the gir within livestock sheliers.

METHODS OF CONTROLLING ENVIRONMENTS
Types of Systems in Common Use

In the United States acwmon was first given to winter
for the livestock and the This was ac-

d with large fans.

Exhaust systems, with fan drawing the air from the build-
ing and supply air coming either from leakage around doors
and windows or from vent intakes, are the most P"P“"r
However, pressure systems with the fan forcing the air into
the structures have been used successfully. Pressure systems
need ducts or several small fans with diffusers to prevest
drafts.

Exhaust fans are usually placed in the walls near the ceil
ings. Air ducts are avoided as they add to the initial costs

Humxdxty 75 percen
m;ellmenot'oexoeed 10 days)

Temperatuge: 50-60 F
- Humidity: 75-85 percent,

Current practices for transpart of baby chicka are:

Tﬂnpemwm {within ventilated carton): 90 F (Provided by
:hlgapw;hen standard chick cartons are used within a van
'gm‘PEﬂlum (within van): 60
entifation Rate (within van): 2 cfm per 60 chicks.

Venula.uon Rate: 6 to 9 cfm/pig below 35 F outdoor temper-
ature; shove 35 F, 13 to 18 cim/pig (the low mate is for 100
pouné pige—the !ngh rate is for 250 pound pigs).

Dairy cattle shelters are operated with stall barn systems
or loose housing systems. In the stall barn system cattle are us-
usally held in stalls about 4 ft wide, and all chore operations
including milking and feeding are conducted within one struc-
ture. In loose housing systems, cattle are free to move about
within a fenced lot containing & resting area with a deep
beddingpack,afeedipgnms,&ndamﬂking&m'l‘heshelm
forrest.mg feeding areas are generaily open and requue
no air conditioning. The xmlkmg area, however, requires a
fully enclosed area that Both locse hous-
mgandst&llb&rnaysmmsreqmmwaddmon&l&m, called
a milk room for cooling and holdmg the milk, Milk sanitation
codes contain mi ts, and those
for the market being supplied should be consulted.

Current practices for stali barns are:

‘Temperature: 35 to 55 F (winter)

Humidity: 55 to 76 percent

Ventilation Rate: 50 to 200 cfm per cow (t.be lower rate for

poorly insulated shelters in extremely cold weather). .

Milking bamn req\nrements are gimilar to those for stall
barns, but should be mai d at &
50 and 75 F for operator comfort. The lower temperature
should be used during cold weather. Milk rooms are ventilated
by a natural draft system with ventilating fans, and the re-

* quirements vary with local milk codes and heat loads from

milk coolers. Most milk codes require ventilation in the pas-

‘sageway between the milking area and the milk room.

Summer Cooling

In addition to the cooling through air exchange and
aspiration provided by winter ventilation systems, some ven-
tilation systems incorporate evaporative coaling devices. One
popular system with poultry has been the use of wetted pads
in sections of the wall opposite the wall in which fans are__
mounted. All intake air is drawn through them. Cabinet type
evaporative eoo]em have Also been used. Evaporatwe coolers
should be used d as the high
hurmdlty may cause the hwer to be wet which in tum aids
in soiling eggs and may impair bird health. A single-pass sys-
tem (no recirculation of room air) has a major advantage of
reducing the problem of clogging heat exchange surfaces.
Except for hatcheries and egg cooling rooms it has been un-
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