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THE | NFLUENCE OF ELEVATED ENVI RONMENTAL TEMPERATURE AND HUM DI TY
ON THE WHI TE LEGHORN X AUSTRALORP LAYER

D. BALNAVE*

The reduced growth and reproductive performance of birds kept
under hot summer conditions has led to a continuous appraisal of the
role of environnental tenperature on avian netabolism  Since the
effects of temperature primarily influence energy netabolism particul ar
enphasi s has been given to those factors which influence metabolisable
energy.(M.E.) intake and energy expenditure (Bal nave, 1974; van Kanpen,
1974). However, since the studies of Payne (1968) it is now recognised
that the intake of other essential nutrients, such as amno acids and
mnerals, are also inportant in optimsing production.

In a paper delivered to this Conference pell (1978) reviewed
present know edge and the results of recent nutritional studies with
laying hens at high environnental tenperatures. This review is
significant in that a survey of the references cited highlights the
| ack of research into this problemin Australia. This is strange
considering the extremes and varieties of clinmate encountered in
Australi a.

Wile it is possible, by studying overseas research, to derive
general conclusions concerning the responses of laying hens to different
climatic environments, it is not possible by this neans to obtain
specific data relating to particular conditions and stock under
Australian conditions. WIson and Plaister (1951), Kheireldin and
Schaffner (1954) and Berman and Snapir (1965) have confirmed the
i mportance of genetic x environmental tenperature interactions.

In general, much of the overseas work has been conducted at
tenperatures which would not cause serious concern in Australia (i.e.
less than 33°c). In addition, the majority of the recent work has
been conducted with Wite Leghorn stock which, in all probability,
react differently at specific tenperatures to the crossbred bird used

in Australia. This latter bird has been exposed over a great nunber
of years, with mninum protection, to the extreme Australian sunmer
environment. Therefore, the generally accepted concept that Wite
Leghorn stock are more resistant to hightenperatures than heavier
body weight birds (Hutt, 1938) requires verification with regard to
the Australian Wite Leghorn X Australorp crossbred.

*Poul try Husbandry Research Foundation, Department of Animal Husbandry,
University of sSydney, Canden, N.s.w. 2570.
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The ot her aspect of tenperature which bears scrutinyis the high
diurnal tenperature variation which occurs in Australia. In summer this
can be as large as 20°c and variable in range and direction, and here.
again overseas studies have usually concentrated either on constant
el evated tenperatures or snall constant diurnal tenperature fluctuations
of around + 5°c. The extent of this diurnal tenperature variation should
be considered since Squibb (1959) suggested that birds were able to cope
better at high tenperatures and humdities when the diurnal tenperature
variation was |arge

Evaporative heat |oss assunmes increasing inportance above 24°C (see
Bal nave, 1974) but the effectiveness of evaporation decreases with
increasing relative humdity. Therefore, the bird s response to elevated
temperatures is related to the relative humdity of the air and also to
the degree of acclimatisation of the bird. Both these factors should be
considered in any attenpt to estimate the responses of birds to different
climtes

Recent studies conducted at Camden have shown that the nutrient
-requirenents of Australian stock need not necessarily conform with those
reported overseas. In these studies the total sulphur amno acid
requi renents of grow ng broilers have been shown to be met by a dietary
concentration of 7.5 g/kg (perilo, Unpublished Results; MacAlpine,
Unpubl i shed Results) which is considerably |ower than overseas estimtes
(A.R.C., 1975). It is therefore possible that under extreme
envi ronnental conditions the nutrient requirenents and production
characteristics of Australian layers may also differ from overseas stock

Accordingly, recent studies have been initiated at Canden to study
the responses of White Leghorn x Australorp crossbred |aying hens to
el evated environnental tenperatures and humdities. The latter
conditions, and times of exposure, were chosen to sinulate typical summer
conditions at Canmden so that the maxi mum heat stress conditions occurred
bet ween approxi mately 1100 and 1800 hrs. Lights were provi ded between
0500.and 2100 hours. The birds were kept in individual cages and fed
daily a commercial diet containing approximtely 165 g crude protein and
11.5 MJ of ME per.kg. Feed intake was recorded at 1100, 1630 and 2030
hours and egg wei ght determined on one day of each week. The birds used
in the first experinent were second year layers; those in the 'second
experiment had just passed peak-lay in their, first laying year

The present paper summarises the initial results of these Canden
studies. The results in this paper relating to production paraneters
and dietary netabolisability were carried out with Ms. M. Daniel (Danie
and Bal nave, Unpublished Results); those relating to biotin with
M. W.L. Bryden (Bryden and Bal nave, Unpublished Results).

Food | ntake

Estimates of the reduction in food intake with increasing
tenmperature, based on overseas studies, have shown a conpound percentage
reduction of approxi mately 1.6% per °c from-5°C to 30°C (Payne, 1968;
A.R.C., 1975) with much | arger reductions at higher tenperatures (Smth,
1972a, 1973; A R C, 1975).
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TABLE 1. Percentage conpound reduction in feed intake with increasing
tenperature of crossbred laying hens exposed to simulated
N.S. W summer conditions

Experiment Control Experimental Conditions Compound %
No. Temperature reduction per °C
°c Day Night (relative to

~control birds)

1 18°cC 36°C, Low RH 18°C, High RH 0.32
18°c 36°Cc, High RH 28°c, High RH 1.18
2 . 20°C 36°C, Low RH 20°Cc, High RH 1.44
20°C 36°Cc, High RH 28°C, High RH 1.99
20°C 36°C, High RH 28°C, High RH 1.72

(4 hr extended evening photoperiod)
3 20°c 30°C, Low RH 20°C, High RH 1.09

RH = Relative Humidity
Day Low RH = 40% High RH = 65%
Night Low RH = 40% High RH = 90%

The results of the Canden studies are shown in Table 1. These
indicate that, when based on the maxi num daytime tenperatures applied
the reduction in food intake in Australian crossbred |ayers is nuch
| oner than would be predicted from the overseas suggestions. Even under.
maxi mal heat stress, with high day and night tenperatures and high
constant humidities, the maxi num percentage conpound reduction was 2%
per °c. During the period of acclimatisation the reduction in food
i ntake was much | ower.

In Experinents 1 and 2 the total daily weight of food eaten during
mexi num heat stress conditions was depressed by 19 and 27 per cent
respectively conpared with controls (Table 2). In both experinments
the food intake during the afternoon period of maximum heat Stress was
reduced by 50 per cent. In Experinment 1 food. intake during the cooler
morning period was increased relative to controls but in Experinent 2
food intake was reduced at all times of the day although the reduction
was |east during the cooler evening period

I ncreasing the photoperiod 'from 16 to 20 hours did not result in an
increase in feed intake when this was applied during the cooler evening
peri od. Dougl as (1979) has also found that increasing the photoperiod
from14 to 18 hours per day by increasing the light early in the
norning failed to increase feed intake. Perhaps these results inply
that the 'nenory' of a recurring heat stress is sufficient to cause
self-regulation of food intake irrespective of the time-food is
avai | abl e at nore anenabl e tenperat ures.

The ME. intakes of the birds at 18 and 36°c were higher than the
m ni mum M.E. requirements calculated for these tenperatures by Bal nave
et al. (1978). The M.E. intakes are also higher'than typical intakes
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Figure 1. Egg production response to heat stress.
TABLE 2. Food intake during heat stress (relative to controls = 100)
Experiment 1 Experiment 2
M A E M A E
Acclimatisation 118 69 102 920 55 94
(40.5) (51.6) (42.5) (36.4) (39.1) (40.5)
Maximum Heat )
Stress 106 53 » 89 76 51 91
(43.0) . (50.3) . (44.5) (37.9) (40.9) (42.8)
* Food intake of control birds (g/bird)
M = 2100-1100 hrs
A = 1100-1630 hrs
E = 1630-2100 hrs
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observed in crossbred birds in southern Queensland (Connor, Persona
Communi cation)."

Egg Production

A reduction in the rate-of lay is a characteristic response of
birds to elevated tenperatures. The tenperature to which normal egg
production may be nmaintained is dependant on the intakes of essential
nutrients (Payne, 1966, 1968). In particular, enphasis should be
given to neeting the nutrient requirements for amno acids and cal cium
(Emmans, 1974).

The results of two studies conducted at Canden are shown in
Figure 1. These data indicate that the birds responded differently in
the two experinments although they were of simlar genetic stock but
different age. In Experiment 1, a reduction of only 7% in the rate of
| ay was observed during the maxi num heat stress period conpared with
control birds maintained at 18°c, but a much greater reduction was
observed in Experinent 2. This latter effect was accentuated by
"increasing 'the photoperiod and the feeding tine during the cooler
evening period. Douglas (1979) found no inprovenent in egg production
when the time of access to food was increased during the cool er norning
hours, and this, presumably, reflected the inability of the birds to
increase feed intake by this procedure

Egg Weéi ght

The effects of tenperature on egg weight are shown in Figure 2.
The initial marked reduction in egg weight in Experinment 1 occurred
prior to any major reduction in food intake. This indicates that
temperature per se had a detrinmental effect on egg weight and suggests
that under high summer tenperature conditions |losses in egg weight are
unlikely to be overcome by nutritional neans. However, in Experiment 2
no major reduction in egg weight relative to control birds occurred
during the period of acclimatisation, although food intake was
substantially reduced during this tinme. |In Experinent 2 increasing the
phot operiod during the cooler evening period did not result in any
i nprovenent in egg weight

Daily Egg Mass

Daily egg mass was' substantially reduced in birds exposed to the
heat stress conditions. The reductions relative to control birds were
simlar in both experinents (16%), but in Experinent 1 this was due
primarily to a decline in egg weight while in Experinent 2 the mgjor
effect was exerted through the rate of Ilay.

Dietary Metabolizability

The ME. value of the diet fed in these studies was not
significantly influenced by the environmental conditions in which the
birds were kept. Smith (1972b) found no significant difference in the
ME. of diets fed to birds naintained at either 21 or 32°C but a
significant reduction was observed with birds naintained at 38°c.
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Figure 2. Egg weight response to heat stress.
TABLE 3. Blood plasma and egg yol k levels of biotin follow ng
exposure to 40°c and high relative humdity
Plasma biotin . .
at maximum Egg yolk biotin (ug/g)
heat stress
(ug/1) Pre-stress Heat stress Post-stress
Control (18°C) 29.5 * 1.31 1.69 1.68
+ 3.0(8) + 0.19(6) + 0.15(6) + 0.14(8)
Experimental 55.2 1.04 . 2.03 2.30
. : + 8.6(6) ~ +.0.17(5) + 0.44(3) + 0.36(4)

*
Number of determinations
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Egg Yol k Fornation

Al t hough mean egg wei ght was reduced in birds naintained at high
tenperatures the relative proportion of yolk weight to egg weight was
not significantly affected in either experiment. This is in agreenent
with other published results (see Emmans, 1974).

Lavee (1979) has reported the results of studies in Israel where
a substantial reduction in the blood supply to the ovary and
di gestive system was observed in birds under heat stress. A maxi mum
reduction of 60% of normal blood flow was observed, the extent of the
reduction being proportional to the degree of heat stress. T h i s
suggests a reason for the reduction in yolk and related egg weight,
but if blood flow was the only contributing factor no alteration in the
relative concentrations of nutrients in the yolk would be expected
However, exam nation of blood plasma and eggs from |aying hens
acclimatised to elevated tenperatures has shown a nmarked increase in
the concentration of the B-vitanmin, biotin (Table 3). This anounted
to a doubling in the plasma levels of biotin in hens acclinmatised to
40°Cc relative to control hens kept at 18°C and a doubling in the
concentration of biotin in the yol ks of the heat acclimati sed hens
conpared with theirpre-experinental |evels. These observations deserve
further consi der atespeci al |y since trace nutrients such as
vitamns are known to exert significant influences on chick viability
during incubation. In particular, it would be interesting to confirm
whether this increase is transitory in nature or whether it represents
a stable change in the egg and plasma concentrations of this vitamn.

Concl usi ons

Estinates of the time required by birds to acclimatise to elevated
envi ronnental tenperatures indicate that this should be predom nantly
conplete within two weeks of the initial exposure (Hillerman and W/ son,
1954; Shannon and Brown, 1969). Therefore, the period of
acclimatisation of six weeks allowed in the present studies should be
adequat e.

These studies, using Australian crossbred stock and simul ated
N. S. W summer climate reginmens, have shown that many of the responses
of laying hens to elevated environmental tenperatures are simlar to
those reported overseas. However, in nany cases the quantitative
effects appear to be | ess marked than woul d be suggested from overseas
work at conparable tenperatures. Differences in responses betweenthe
two reported experinentsmay either reflect an inherent bird variability
or a possible age/adaptation adjustment to the environment.

Possi bly the nost inportant factor to consider when conparing
different tenperature reginens is the food intake of birds, since this
determines nutrient intake. In this regard the Australian Wite
Leghorn x Australorp crossbred appears to have certain advantages over
overseas stock
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