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Environmental factors have been
known for some time to influence var
ious production measures of poultry
such as growth rate, egg production
and feed efficiency. Barott and Pringle
(2, 3, 4), Huston and Edwards (7),
Pope (8), Adams et al. (1), Grub et
al. (6), have worked with broilers in
controlled or partially controlled en
vironments. The general concesus is
that birds have better growth at 60° F
than at higher temperatures. Roberts
(9) has shown that the growth rate re
lationships can be expressed by the
power function

Y = ATb (1)
where Y = body weight of a bird

at time T (from conception)
A = body weight at concep
tion

b = growth rate of the bird.

Furthermore he showed that the week
ly series of individual body weights,
from hatch to seven weeks of age,
when expressed in the framework of
equation 1, would approximate lineari
ty up to seven weeks when the data
was plotted as log body weight vs. log
time. Also the averaged weekly growth
rates (b) would provide a meaningful
estimate of the indvidual's growth rate
for this seven week period, i.e., seven-
week growth rate. In addtion Roberts
(10) has shown that seven-week body
weight was principally and significantly
related to three-week growth rate. It
appears then that the most important
period for providing control of the en
vironment is during the early growth
phase. This present study was designed
to assess the effect of thermal radiation
for the first 20 days of growth.

MATERIALS AND METHODS

Three tables, four by eight feet
(hereafter referred to as locations)
were set up as pens 30 inches above the
floor. A clear 250 watt heat lamp was
placed approximately 24 inches above
the centre of each location. The height
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over each location was adjusted to give
nearly uniform radiation readings for
similar locations over all tables, as
measured on a Beckman and Whitley
flat-plate total hemispherical radio
meter. The locations were divded in
half to give two positions. Each end of
the table was then divided into two
concentre regions (sectors of a circle)
with wire mesh to produce two treat
ment areas within each position. A
diagramatic sketch of the room is
shown in figure 1. Table 1 shows the
average radiation intensity for treat
ment and location.

AIR CONDITIONER

TREATMENT TREATMENT

12 2 1

Figure 1.

TABLE 1. RADIATION INTENSITY FOR

TREATMENTS 1 AND 2 BY LOCATION.

BTU/hr/ft2

Location

Treatment 1 2 3

1

2

146

183

144

187

147

183

The floor space per pen was five
square feet. Temperatures were mea
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sured by copper-constantan thermo
couples connected to a strip chart re
corder through a 26 station stepping
switch. Switching was controlled by a
time clock to switch circuits once each
minute and to actuate the printer me
chanism 15 seconds before switching to
allow for equilibrium before recording.
One thermocouple in each of the 12
pens was placed in the centre of a two
inch diameter copper sphere painted a
flat black. The black ball radiometer or
black globe thermometer is a conven
ient instrument to measure the total
effect of air temperature, radiant ener
gy and air velocity. For non-sweating
animals, it gives a good measure of
comfort level. This conclusion and a
comparison of different diameter globes
were given by Bond and Kelly (5).
Each black ball radiometer was located
at the centre of area for each pen and
mounted so that its centre was at a
level with the chicks. Nine thermo
couples were equipped with aluminum
foil shields to obtain a better measure
of air temperature at three positions on
each location. Another shielded ther
mocouple was located diagonally oppo
site the air conditioner four feet above
the floor to determine general room
temperature. For the purposes of this
experiment, only the black ball radio
meter readings were evaluated.

A 13,000 BTU per hour air condi
tioner was located on the outside wall
seven feet above the floor. This circula
ted air across the ceiling and back
along the tables to permit maximum
mixing of air before it reached the
birds. Air movement was visually
checked with smoke.

For this experiment, 60 male and 60
female New Hampshire chicks that
hatched on the twenty-first day were
randomly divided and assigned so that
a total of six birds of each sex were in

each pen. Birds were allowed free
access to a standard broiler ration. One

inch of wood shavings was used as
litter in the pens. The cleaning of the
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litter was not deemed necessary during
the 20 day period. All birds were
individually weighed to the nearest
gram at hatch, 4, 8, 12, 16 and 20 days
of age. Temperature data for each four
day period was transferred to I.B.M.
cards along with the body weights for
statistical analysis. The individual

there was an unscheduled rise in room
temperature that affected both posi
tions and treatments, (Tables 2 and 3).
It was found impossible to hold an
ambient temperature of 60°F with the
equipment available. However, it was
felt that responses to the treatment
would be obtained at the higher am-

After the temperature stress occurred
starting at the twelfth day a reversal in
the treatment growth rate was noted.

In general, the females reacted in a
similar pattern for body weight and
growth rate differences.

Table 3 shows the position dif-

TABLE 2. TEMPERATURE TREATMENTS (T) AS INFLUENCING AVERAGE

BODY WEIGHT AND GROWTH RATE FOR EACH EXPERIMENTAL PERIOD

Days Period

of

Weekly

Average

Male Female

of Body Growth Body Growth

Age Growth Temperature Weight Rate Weight Rate

(Tl) (T2) (Tl) (T2) (Tl) (T2) (Tl) (T2) (Tl) (T2)

Hatch 33 35* 34 33

1 76.1 81.4 2.24 1.82* 2.08 1.93

4 51 48* 48 47*

2 75.0 80.9 2.17 2.00 1.86 1.56"

8 71 65* 64 59

3 75.7 81.7 3.19 3.18 3.05 3.38*

12 107 89* 96 92

4 76.7 82.8 3.12 3.24* 2.91 3.14"
16 151 !44 134 131

5 78.8 81.0 3.40 3.35* 3.30 3.43"

20 210 206 187 186

* Significant difference (P < 0.05)
" Approaching significance

TABLE 3. POSITION DIFFERENCES (P) AS INFLUENCING AVERAGE BODY
WEIGHT AND GROWTH RATE FOR EACH EXPERIMENTAL PERIOD

Days Period

of

Weekly

Average

Male

h

Female

-. of Body Growt Body Growth

Age Growth Temperature Weight Rate Weight Rate

(P,) (Pa) (P,) (Pa) (P0 (Pa) (P,) (Pa) 0?,) (Pa)

Hatch 34 34 34 33

1 78.5 79.1 2.20 2.04 2.04 1.97

4 50 4V 48 47

2 77.7 78.3 2.20 1.97" 1.87 1.55"

8 70 66 64 60"

3 78.3 79.0 3.31 3.06" 3.16 3.26
12 107 98* 96 91

4 79.5 80.0 3.12 3.24" 2.98 3.06
16 152 142 135 129

5 80.9 82.0 3.40 3.35 3.37 3.37

20 216 200* 191 182

* Significant difference (P < 0.05)
8 Approaching significance

growth rates for each period of growth
were also calculated for subsequent
analysis, (after Roberts, 9).

RESULTS AND DISCUSSION

The radiometer temperature data
showed that differences of less than
2.2° F existed between locations and
less than 0.7 °F between positions.
Treatment differences of at least 5.2°F
were maintained. After the twelfth day
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bient temperature. An over all body
weight difference (3 grams) for the
males in favour of treatment 1 began
by the fourth day (Table 2). This dif
ference was maintained and was sig
nificant to the twelfth day. Table 2 also
shows that the birds in treatment 1
were stressed more by the temperature
rise from the twelfth day on than were
the birds in treatment 2. In the first
period, the growth rate difference was
significant in favour of treatment 1.

ferences as influencing the body weights
and growth rates. It is noted that
position 1 has a lower radiometer read
ing. The male body weight differences
are consistently in favour of the lower
temperature. Again after the twelfth
day there was a growth rate reversal
which did not approach the magnitude
of the treatment classification. How
ever, it approached significance in fa
vour of the higher thermal environ
ment.
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For the females the pattern 'was
again similar with a growth rate rever
sal after eight days, although not sig
nificant, in favour of the higher tem
perature. :

Since there were significant body
weight differences on the twelfth and
twentieth day for males and approach
ing significance for females on the
eighth day between positions, when
they were not expected, these data
show that some other environmental
factor other than thermal radiation had
influenced the early body weights. Ac
cordingly, further investigations of the
conditions surrounding the room and
weather records from the University
weather station were assessed. The
room adjoining the environmental
room contained the steam heating
equipment for the building such as con
densate return-pump, heat exchanger
and control valves. These were all

mounted on, or near, the wall closest
to position 2. Weather data indicated
that about the twelfth day a cold front
entered the area reducing the tempera-
tur some 5 to 10°F. The result of this
would be to increase the steam demand
for the building with a general rise in
temperature. This occurrence agrees
with and explains the general rise in
radiomtter readings after 12 days, and
the fact that position 2 radiometer
readings are slightly higher than posi
tion 1. This small temperature dif
ference (0.7°F on the average) would
not appear to explain the fact that the
body weights of location 2 were lower
than location 1, and the body weights
associated with position 2 were lower
than position 1,

Another environmental factor that

was not measured in this experiment
was light intensity. The visible light
from the clear heat lamps covered a
wider angle than did the thermal ra
diation.. As. a result some light from
locations 1 and 3 could have added to
the illumination of location 2 (see
Figure 1). Because of the position or
nature of the walls parallel to locations
1 and 3, reflections had little effect on
illumination. Location 2 then was very
likely to experience a higher light in
tensity than the other two locations
which should result in a depression of
body weight for those birds in location
2. For both sexes the treatment effects
of locations 1 and 3 are generally in
agreement (Table 4). Location 2,
however, shows virtually no difference
for the males between treatment 1 and
2, and in fact the body weights are very

TABLE 4. BODY WEIGHTS IN GRAMS BY TREATMENT FOR EACH LOCATION

ON SUCCESSIVE FOUR DAY PERIODS

Location 1[ 2 3

Treatment 1 2 1 2 1 2

Age

(Males

Hatch 34 34 34 36 34 34

4 52 47 48 48 53 50

8 72 65 65 66 74 64

12 110 98 98 99 112 98

16 154 142 142 143 158 144

20 220 208 195 204 215 205

(Females)

Hatch 34 32 33 33 34 35

4 48 45 47 49 50 46

8 64 60 62 59 68 59

12 96 92 91 91 100 92

16 131 129 128 130 143 133

20 184 184 178 183 199 190

similar to those of treatment 2 of loca

tions 1 and 3. The females at 12 days
of age also showed this effect but a
reduction was noted at 20 days of age.
Thus, the higher light intensity appar
ently has offset the treatment effect
within location 2.

Temperature effects were noted up
to 12 days of age, and the decline in
body weight differences between treat
ment 1 and 2 from the twelfth day
onwards can be attributed to a small
rise in the ambient temperature. It
appears that the body weight differen
ces between positions up to 20 days of
age can be attributed to light intensity
differences. This agrees with Skoglund
and Palmer (11) who reported higher
body weights for birds reared under

low light intensities.

While small differences in average
body weight at three weeks were ob
tained, this difference could be of eco
nomic importance at seven weeks when
the growth rate relationships expressed
by equation 1 are applied. Assumingan
average growth rate of 2.50 was main
tained by the population up to. seven
weeks of age and that in environment 1
the two-week body weight was 150 gm
and in environment 2 the two-week
body weight was 140 gm, this 10 gm
differential in the environmental effects
could be assessed at seven weeks of
age by rearranging equation 1 and ex
pressing in logarithmic form. The
aforementioned data gives the follow
ing results:

log (
Y2 (7-week bodyweight) \

b =
Y, (2-week body weight)

. /T2 (7 weeks of age =10 from conception) \
\T, (2 weeks of age = 5 from conception)^

Substituting and solving for Y2
seven-week body weight, (in treatment
1):

log
2.5 =• \ 150 )

log (~n
Y2 = 778 grams.

Substituting and solving for Y2
seven-week body weight, (in treatment
2):

2.5

Y2 = 834 grams.

Therefore the difference in the two
treatments results in an average 56
gram advantage for treatment 1 at
seven weeks of age.

Asuming a gross return of 22c per
pound for a 100,000 bird per year
enterprise there would be a gain of
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$2,720 per year. It should be noted
that these calculations are based on a
non-broiler line. In view of the magni
tude of the potential economic advan
tage of controlled environments it is
of considerable interest to investigate
similar aspects in broiler stock.

SUMMARY

One hundred and twenty New
Hampshire chicks were raised to 20
days of age in an air conditioned room
under one air temperature and two
levels of thermal radiation. The effect
of radiation was measured with a 2
inch diameter black ball radiometer.
The average black ball radiometer rea
dings for treatments 1 and 2 were
76.5°F and 82.1 °F respectively.

Body weight differences were asso
ciated with the treatment levels. These

weight differences at 4, 8 and 12 days
of age were in favour of the lower
radiometer readings. After 12 days a
rise of ambient temperature (approxi
mately 3°F) reduced these body weight
differences. The heavier birds had a
significantly lower growth rate during
this period of additional stress. Light
intensity also appears to be an impor
tant source of environmental variation
to be considered in studies of this
nature.

The influence of an early environ
mental effect and its subsequent eco
nomic result was discussed.
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. . . GRAIN STRAW AT 70° F

continued from page 38

in the high moisture region and too
high at the other end of the isotherm.
For i = 2, there is a cross over in the
opposite direction. When i = 1.6 is
used, a much better fit is obtained.

The values of the other constants
were n = 44 and Kc = 0.0227. The
calculated curve and the experimental
results obtained with oats straw up to
97.5 per cent relative humidity are
plotted in figure 2.

It should be recognized in making
use of the results presented here, that
they are mainly for adsorption from the
dried state, since an important portion
of the high humidity region is not
covered by the desorption data. In
addition, the history of wetting and
drying, which was not considered in
this study, may be expected to have a
significant effect on the equilibrium
moisture contents, especially at high
moisture levels.

REFERENCES

1. L. Malmquist. Sorption as Defor
mation of Space. Kylteknisk
Tydskrift No. 4, pp. 49 - 57.
August 1958.

2. L. Malmquist. Sorption of Water
Vapor by Wood from the Stand
point of a New Sorption Theory.
Holz als Roh und Werkstoff No.
5, pp. 171 - 178. May 1959.

3. E. Penner. Suction and Its Use
as a Measure of Moisture Con
tents and Potentials in Porous Ma
terials. Proceedings, International
Symposium on Humidity and
Moisture — Washington, D.C.
1963. Vol. IV, Chapter 29, pp.
245 - 252. Reinhold Publishing
Corp. 1965.

4. A. J. Stamm. Method for Esti
mating Vapor Sorption at Fibre
Saturation Point of Wood and
Paper. Holz als Roh und Werk
stoff, No. 5, pp. 203 - 205. May
1959.

ACKNOWLEDGMENTS

The author wishes to express his
appreciation to Mr. G. O. Handegord
for his advice relative to this project,
and to Mr. A. Wenhardt of the Crop
Science Department, University of
Saskatchewan, for providing the speci
mens used in this work.

This paper is a contribution from
the Division of Building Research,
National Research Council, Canada,
and is published with the approval of
the Director of the Division.

CANADIAN AGRICULTURAL ENGINEERING, JAN. 1967


