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CLI MATE AND PRODUCTI ON FROM GRAZI NG ANI MALS | N AUSTRALIA
| NTRODUCTI ON

JANET Z. FOOT*

Most of the donestic breeds of grazing animals in Australia, and many of the
i ntroduced pasture species, originate in climates which differ from those

experienced here (WIliams 1973). The large size of this continent neans that
there are several very diverse climtic zones, few of which provide an ideal
environnent for grazing animals or for the pastures they use. The resulting

penalties to animal production are greatest where periodic climatic extrenes are
most  pronounced.

Animal production may be affected directly, through physiological effects on
the animal of heat or cold, and indirectly through effects on the pasture.

In this contract we review some of the direct effects of cold (mainly in
sheep) and heat (mainly in cattle) on the physiol ogical responses and the
production of these animals. , The final paper exanines the effects of climte,
particularly of cold and water shortage on the feed resource, In each case the
contributors discuss ways of alleviating adverse effects of climte.

DI RECT EFFECTS OF COLD ON GRAZING AN MALS
DENl SE STEVENS**
BACKGROUND

Under cold conditions, homeothernic aninmals nust expend energy to maintain
body tenperature. As the rate of heat loss increases under the influence of the
additive effects of decreasing anbient tenperature, increasing wnd and
evaporation, the animal nakes use of energy fromextra food or catabolism of
tissue reserves to bal ance that being |ost (A exander 1973; Webster 1973).
Increased insulation and behavioural patterns that reduce heat |oss neke these
processes nore efficient.’ However, if heat |oss exceeds the aninmal's capacity
for generating heat, hypothermia occurs resulting in a decline in netabolic rate
and ultimately death. Sudden severe col d exposure can cause death before
significant depletion of tissue reserves has occurred (Al exander et al. 1980).

Aninals with a high ratio of surface area to mass are particularly prone to

rapid heat |oss. The newborngrazing animal is in this category and, in
addition, its coat is saturated with fluid, the evaporation of which requires
energy both fromthe aninal and the environnent. Energy demands at this time

are probably greater than at any other stage of life.

The |ower limits to homeotherny can 'be defined by an aninal's sunmit
metabolism i.e. its maxi mum netabolic response under, controlled conditions
desi gned 'to. keep it on the brink of hypothermia. This maxi mum effort can only
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be sustained for a limted time (20 nin for lanbs, 1-2 h for adult sheep) and is
therefore only useful to define a physiological lim t, not conditions under which

aninmal s can be kept for extended peri ods. Lesser effort can be maintained for
| onger, e.g. 80-90% of summit for 4-8 hours in adult sheep (Bennett 1972).

Prol onged cold exposure al so causes reduction in productive processes such
as growth and lactation (MBride & Christopherson 1984a,b) due to diversion of
energy towards the maintenance of honeotherny.

PHYSI OLOG CAL RESPONSES TO COLD STRESS

Animal s have two thernogenic mechanisms for responding to cold (Al exander

1979). Shivering in skeletal muscles increases netabolic rate 2-3 times in
newborn |anbs and 8-10 tines in adult sheep and accounts for alnost all the
extra heat that can be generated in adult grazing animals. Newborns possess,

in addition, an equivalent capacity for non-shivering thermogenesis from
catabolismin mitachondria-rich browm fat, a tissue which is replaced by
non-thernogenic white fat within a few days or weeks of birth.

O her physiol ogical adaptations occur during prol onged exposure to cold
conditions. Resting netabolic rate increases by 20-40% (Young 1975),
appetite is stinulated (Mose et al. 1969) although feed digestibility is -
reduced (Kelly & Christopherson 1986) and there is altered perception of cold
by the central nervous system (Webster 1973). Resi stance to cold also has a
genetic conmponent as shown in sheep by breed differences and heritability
estimates (Sl ee 1985).

MECHANI SMS TO REDUCE HEAT LGCSS

Physi ol ogi cal and behavioural. adaptations which act to reduce heat |o0ss

in cold conditions conplenent thernmogenic capacity in aninals. G owt h of
hair and wool and piloerection increase external thermal insulation; sheep
and goats are therefore particularly vulnerable to the effects of cold after
shearing. Col d al so induces increases in '"insulation of the body shell by

peripheral  vaso-constriction (Webster 1974) and increased skin thickness
(Wodi cka- Tomaszewska 1960).

Behavi our changes that effectively reduces heat |oss includes changing
posture and angle of the body with respect to wind direction, huddling and the
seeking of 'shelter, especially from wind (Bird et al. 198; Cbst and Ellis
1977). Provi sion of shelter reduces sheep deaths off-shears in bad weather and
improves neonatal | anmb survival (Al exander et al. 1980).

COVWPUTER PACKAGES TO PREDI CT THE DI RECT EFFECTS OF :cOLD ON
GRAZING ANIMALS

J.R. DONNELLY* and M FREER*
BACKGROUND

Two managenent options that a grazier can exercise w thout committing any
extra capital resources are the choices of a lambing date and a shearing date.
A shift inlanmbing date may have profound effects on profits, both directly and

also through '"interaction with other managenent variables. The conventional tinme
for lanbing on the tablelands of south-eastern Australia is late winter or early
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spring, primarily because |anmbs are assured of an abundant feed supply and their
growth rate will be high throughout spring. Moreover , joining in [ate summer or
autum increases the likelihood of nultiple ovulations in the ewe flock, so that
the proportion of twins is also likely to be high. However, research at
Canberra has shown that a June lanbing is nmore profitable for prime |anb flocks
than an August |anbing even though fewer twins may be born. This is mainly
because the period between birth and the end of spring is much |onger. The
| anbs do not grow as fast as their August-born counterparts but they are heavier
at the end of the season and a greater proportion is sold as prine. For wool-
growing enterprises there may be advantages from heavier weaning weights and
better survival over summer when the only grazing available is low quality dry
residue s. Fl ock nmanagenment is sinplified since the larger lanbs can be shorn
with the ewe flock at weaning, giving added protection from fly-strike and
elimnating the need for a separate crutching.

PREDI CTION OF COLD STRESS

Lambing date

A grazier contenplating the possibility of a shift in |anbing date from
August to June needs to be able to assess the likely |osses of new born |anbs
from col d weat her. W have devel oped the LAMBALIVE package (Donnelly et al.
1987) to examine the probability of their death from exposure based on known
physi ol ogi cal responses to cold stress. These responses are fornulated in an
experimental ly established relationship between lanb nortality and the level of
chil'l prevailing at the proposed tinmes of I ambing  (Donnelly, 1984).
Negoti ations have commenced to make the package available comercially. The
package will be supplied with the appropriate database of daily meteorol ogical
records for the district in question. Qutput includes the expected distribution
of losses predicted from neteorol ogical records for the specified | anbing
peri ods. Options are provided to specify the breed and frane size of the ewes,
and weight or body condition at |anbing. The relative contributions of wind,
rain and tenperature. to the chill factor and lamb nortality can be assessed.

Shearing date

Sinmilarly, altering the shearing date for a flock can markedly influence
of f-shears |osses. Heavy rain and wind can place newy shorn sheep at risk from
exposure even when the tenperature is relatively high. The OFFSHEARS package
provides the grazier with a graphical display of the probability of dangerously
chilling conditions calculated” from local neteorological records for shearing
dates at any time of the year.

Effects on production

The econonic inpact of chilling is not only, through the death of sheep.

. The growth of young |anbs and calves may be narkedly reduced because of the
diversion of energy fromgrowh to maintenance under cold conditions. ~ The
grazier who wants to assess the overall effects of a change in mating policy can
obtain estimtes of the effects of specified weather conditions on young adimals
using the GRAZFEED package. . The main aimof this package ‘is to provide the
grazier with a rapid assessment of the animal production that can be obtained
froma specified pasture and the cal culations include estimtes of the effect of
chilling on their off spring.
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CONCLUSI ON

These three packages, LAMBALIVE, OFFSHEARS and GRAZFEED use known
information on the physiology of cold stress in farmaninals and natch it to
| ocal farming conditions. GRAZFEED can be used to assess the short-term feed
requirenents of grazing animals. LAMBALI VE and OFFSHEARS provi de infornation
for making the best long-term decisions, but they are not designed to predict the
outcone of a specific |anbing or shearing. LAVBALI VE and GRAZFEED are based on
the results of experinents and are now being tested in the field. They are
user-friendly and operate on a w de range of nicroconputers. OFFSHEARS is at an
earlier stage of devel opnment.

EFFECTS OF HEAT ON CATTLE
J.C. O'KELLY*
BACKGROUND

Bos taurus cattle taken fromtenperate climtes to tropical or subtropical
areas generally show inmpaired growth rate, reduced fertility and milk production.
As well as these readily observable effects, neasurenents on cattle exposed to
hi gh environnental tenperatures have shown changes in netabolismwth increasing
body tenperature (0'Kelly 1973).

METABCLI C EFFECTS OF HYPERTHERM A

The onset of disturbed metabolism due to hyperthernmia occurs at sinilar body ,
tenperatures whether the cat tle are heat adapted or not.

Heat stress affects an animal’s netabolism by causing a reduction in food
intake (the anorectic ef fect) and changes. that result from increased body
tenperature alone (the specific ef fect). Depressed appetite is linked with many
physi ol ogi cal and endocrinol ogi cal adjustnents to reduce heat generated during
rum nal fernmentation and body metabolismand is probably not readily reversible.
Reduced food consunption during heat stress may also be associated with
deficiencies of essential nutrients. For instance, at high environnental
tenperatures large amounts of potassiumare lost in sweat (Schneider et al.
1986) . )

A fine balance exists be'tween the daily intake of essential fatty acids from
the dams nmilk and the netabolic requirements of the calf in the first seven days
after birth (Noble et al. 1981). During this critical period calves may suffer
a deficiency of essential fatty. acids due to exposure to high environnental
t enper at ur es.

Heat-susceptible Hereford steers exposed to environmental tenperatures of
about .327°C increase their body tenperature by nore than 1%. Met abol i c
derangements associated with this degree of hyperthermia include an increased
urinary nitrogen loss, an increase in fat excretion in the faeces, and endocrine
i nbal ances, such as a decrease in thyroid activity (0'Kelly 1973). At the sane
environnental temperature heat-tolerant Brahman steers , increase body tenperature
by only about 0. 4. They show disturbances in nmetabolismsinilar to those
observed in Hereford steers, though of a smaller mgnitude (0'Kelly 1986).
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REDUCI NG HYPERTHERM A AND | TS EFFECTS

Using genetic differences

From studi es of the responses of tenperate and tropical breeds of cattle it
is apparent that animals differ in their general tolerance of heat. This large
genetic diversity offers anple scope for selection, within as well as between
breeds of animals for effective thernoregulation.

Si nce basal netabolism may contribute 40-50% of the total heat to be
di ssipated, a low inherent metabolic rate could be considered a desirable
attribute of cattle in tropical areas. However, although Bos taurus breeds
possess an inherent metabolism 12-15% hi gher than Bos indicus cattle, the
evi dence indicates that heat tol erance derives fromefficient mechanisns of heat
loss rather than low netabolic rates. The advantages of a low fasting netabolic
rate lies in a |lower naintenance requirement serving to defend the body against
wei ght loss under conditions of feed shortage (Finch 1986).

Heat tolerance is governed by various characters such as skin structure
and coat type (Finch 1986). Cattle coats forma barrier between the body and
the environnent and the thernal properties of coat have a najor influence on the
I evel of heat stress. Wol |y coats are associated with high body tenperatures
while sleek coats favour thernal bal ance. Cipping woolly coats |owers body
tenperature but does not meke the aninmal grow nearly as well as a naturally sleek
ani mal . Coat type and colour also interact to affect tolerance to solar
radiation. Heritabilities of rectal tenperature (an index of heat tolerance) of
0.25 and genetic correlations with female fertility of -0.76 and with growth of
-0.86 have been reported (Turner 1982). Surmmari zi ng the extensive research in
heat physiology, it may be concluded that there are techniques available to the
producer to be able to selectively breed cattle which have superior therno-
regul atory mechani sns. Neverthel ess a significant |oss of production still
occurs even in genetically adjusted ani mals during hot sunmer conditions.
Mani pul ation of the environment% is then the other option for ameliorating the
effects of heat stress. However, the information available to producers. to aid
in the management of livestock in such adverse conditions is linited.

Mani pul ati on of the environnent

Shade During daylight hours alnpost all of the heat gained fromthe environnment
comes directly or indirectly from solar radiation. The main function of shade
is to reduce the heat load of animals by reducing. the incident solar radiation.

This is rarely considered an economic proposition for beef cattle managed under

extensive systems ‘in Australia. Neverthel ess, studies with grazing beef cattle
have shown that the damis body tenperature and use of shade during lactation were

significantly correlated with calf birth weight (Bennett and’ Holmes 1987).. The
dam's use of’ shade was also correlated with calf growh rate to weaning. Through

management the increment of metabolic heat associated with exercise can be

reduced by strategic positioning of shade and watering facilities. Wth
lactating dairy cows a shade managenent system has |owered body tenperature,

increased nilk yield and inproved reproductive, performance (lgono -et al. 1987).

Repeated cycles of wetting,, the coat and forced ventilation has proved successful

in preventing increases in the body tenperature of high yielding dairy cows.

Hor monal _nmani pul ation It may be possible to correct hormone inbal ances due to
hypert herm a. Studies with Brahman steers fed a restricted intake of |ucerne
hay inplied that the inpaired growth rates due to heat exposure are not likely
to be greatly inproved by the use of thyroid hornone replacement therapy nor by
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the use of anabolic conmpounds which nediate their effects predom nantly through
increased thyroid activity (0'Kelly 1986). There is some evidence that daily
subcut aneous injections of growth hornone may offer a nmeans of counteracting the
heat induced decline in nilk production in dairy cows (Mhamed and Johnson
1985) .

Feeding strategies It is possible to counter the urinary nitrogen and faecal
fat | osses caused by the specific effect of heat exposure. Studies with
steers fed diets which were isonitrogenous and isocal oric have shown that when
fat constitutes an increased proportion of food supplied for maintenance, urinary
nitrogen loss is reduced at thermoneutral tenperature and during heat exposure
(0'Relly 1987). In addition aninals on the high fat diet showed |owered body
tenmperature coupled with a higher evaporative water loss during heat exposure.
Adding fat to the diet has also increased the confort of lactating cows exposed
to heat. The newborn ruminant has an inmproved ability to w thstand heat through
a sinple enhancenent of its essential fatty acid status during the early neonatal
period by neans of dietary supplementation with linoleic acid (Noble et al.
1981). The definite changes in the conposition of milk fat caused by heat
exposure woul d undoubtedly also be countered by dietary fat supplementation.
I ncreased production responses in hot conditions to dietary sodium and potassium
i ntakes have been demonstrated in lactating dairy cows (Schneider et al. 1986).

I nproved production should therefore be possible using diets supplenented
with essential nutrients and fats to anmeliorate the biochemcal and physiol ogical
stresses suffered by runminants at high environnental tenperatures.

| NDI RECT EFFECTS OF CLIMATE THROUGH | NFLUENCES ON THE FEED RESCURCE
P. MICHELL*

Extremes of tenperature, and noisture deficits or excesses have obvious
effects on growth of herbage and thus feed availability for grazing animals.
Al though less obvious, changes in botanical conposition, sward conmposition and
nutritive quality may also 'occur and 'affect animal production.

EFFECTS OF CLI MATE ON THE FEED RESOURCE

H gh tenperatures

Pasture plants have optinmum tenperatures for growh and as tenperature ,
increases above this Level, growh rate progressively slows. Beat stressed ,
pl ants show reduced |evels of storage carbohydrate as a result of increased
espiration (MeWilliam 1978).

-

Tenperature stress also affects the nutritive quality of pastures. =~ Gasses.
grown in tropical and sub tropical regions have |ower digestibility than grasses -
grown in tenperate areas. This is partly due to an inherent difference between
digestibility of tropical and tenperate grasses (W/Ison and Ford 1971) but al so
to a specific effect of tenperature (Wilson 1982). Digestibility declines with
increasing tenperature in both tropical and tenperate grasses because of both an
increase in structural carbohydrates and a reduced digestibility of these
conponents. The difference’ In digestibility between tropical and tenperate
egunmes is |ess than with the grasses (Mnson and WIson 1980) and the decline in

digestibility with increasing tenperature is less with legumes than with grasses
(Wlson"and Mnson 1983). Increasing tenperature hastens ageing of plant tissue

*Departnent of Agriculture, P.O Box 46, South Launceston, Tas., /250.
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leading to a faster decline in digestibility of senescing leaf and to a nore
rapid decline in plant digestibility because of a hastened maturity.

Low tenperatures

Low tenperatures retard growth of tenperate species due to a decline in |eaf
appearance and expansion. Leaf appearance interval in perennial ryegrassis
approximately 20 to 30 days in winter conpared to 7 to 10 days in sumer (Davies
1977). Senescence rate however also declines and |eaf lifespan in winter is 60
to 90 days conpared to 20 to 30 days in sumer (Davies 1977). VWite clover
growth slows nore than the grasses because of its higher optinum tenperature, and
a reduced clover content may decrease aninal production (Reed 1981). Tropi cal
species are particularly sensitive to |ow tenperatures; ni ght tenperatures of
10%c reduce growth of pangol agrass (West 197.0). Tropi cal species also have a
low tolerance to frost (WIson 1982); frost damage causes tropical |egumes to
shed | eaves, and digestibility of any killed |eaves remaining on plants declines
rapidly.

Many grazing and indoor feeding trials have shown reduced aninmal production
on autumm-winter tenperate pastures conmpared with spring-sumer pasture (Reed
1978) and this has been attributed to both a reduced voluntary intake and a
reduced efficiency of utilisation of digested energy. Autumn-wi nter pastures
have | ower sol ubl e carbohydrates and thus a hi gher structural to non structural
carbohydrate ratio than spring-sumer pastures and this nmay slow breakdown in the
rumen. Wnter pastures would also have |ower clover contents.

Water stress

The ef fect of water deficit on pasture growh has been reviewed by Turner
and Begg (1978). Water deficit reduces pasture growth by slow ng |eaf
appearance and expansion. The first factor limting growth is a reduction in
cell size but decreased photosynthesis as a result of stomatal closure . and
reduced |eaf area becones increasingly inportant. Tiller production declines
and there is a hastened death of tillers and ol der |eaves. Leaf shedding occurs
in tropical |egunes (Fisher and Ludlow 1981) and in extrene cases the plant may
die back to the crown. Tenperate species may allow conplete senescence of green
| eaf and depend for survival on dormant axillary buds. In dry conditions, white
clover is less conpetitive than grass because of its shallow rooting. Nitrogen-—
fixing ability of nodules is dimnished becauseof a reduced nutrient supply
resulting from the reduced photosynthesis.

Limted degrees of water stress nmy, actually increase nutritive quality of
pastures (WIlson 1982) because of a slower plant maturation rate, a higher
digestibility and higher levels of soluble carbohydrates, nitrogen and minerals.
This effect appears particularly inportant with tropical grasses.

In situations of water excess,, the. ngjor factor i s reduced oxygen supply
to plant roots and -again | egumes are more sensitive because. of reduced rhizobial
activity.  Excess water reduces root penetration through. the soil and this. may
make plants nore sensitive to future drought.

METHODS OF OVERCOM NG LI M TATI ONS

Use of genetic resources

The sudden and severe grazing of native pastures at the beginning of
European settlenent in Australia resulted in a rapid change in pasture
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conposition and stability (Tothill 1978). The familiar European species were
not adapted to nost areas of pastoral Australia and pasture workers had to
concentrate on introducing plants from other areas of the world. Successful use
of plant genetic resources in overcoming climatic limtations initially involves
introduction of plants selected fromsimlar environnents. Subsequently, nore
enphasis is needed on adapting plants for specific environments and this involves
a fuller understanding of the physiological and norphol ogical characteristics
which contribute to a plant’s ability to persist and yield consistently (WIson

1981) and which contribute to high levels of animal production. Sel ection of
plants able to survive in a stressful environment may not always contribute to a
hi gher growth rate in that environnent. Nosberger et al. (1981) selected white

clover froma range of altitudes and found that the high altitude ecotypes had
hi gher photosynthesis rates when grown at cold tenperatures but the extra

reserves were partitioned to the stolons at the expense of |eaf growh. Pl ants
may be stress avoiders or stress tolerators and selection of plants able to grow
in stressful environments may conprom se persistence. Italian ryegrass

continues to grow in dry conditions and appears drought tolerant, however this
use of reserves to nmintain growth conprom ses plant survival if the dry,
conditions persists. In contrast , perennial ryegrass becones al nost dormant in
dry conditions (Norris 1982).

Managenent aspects

Feed shortage in periods of environmental stress nay be alleviated by
management inputs such as irrigation, pasture conservation and feed purchase.

However, in many cases the economc benefit of these is doubtful. | npr oved
understanding of the interactions between pastures and aninals often suggests
alternative ways of overcoming environnental |imtations.

Reduced pasture leaf growth in dry conditions causes a shortage of feed
and a decline in quality of standing herbage because of, a reduced green to
dead ratio. In some cases, animal production is reduced in dry conditions
because the presence of the dead herbage residues reduces availability of
green herbage, and in southern Australia where there is sumrer rainfall and
growt h does occur, higher levels of aninmal production are found in summer when .
the spring surplus is remved before it senesces (Birrell and Bi shop’ 1980;

‘Michell and Ful kerson 1987). Removal of the spring surplus before dry

conditions arrive may also increase plant density and pasture growh in dry
sumrers (Korte 1981).In Mediterranean type environnents with little sumer
rainfall the situation is different.. There, .animals depend on the spring
residues carried into the sunmer, and rainfall, if it does occur, is likely to
reduce the quantity and quality of the standing feed (Allden 1981).

Pasture growth may be increased in dry conditions by prevention of over-
grazing because once all green leaf is renoved, transpiration and water

absorption by the plants ceases. If green leaf can be protected by the presence
of a stubble then plants will continue to growinto dry conditions (Jantti and .
Hei nonen 1957). In the perennial pasture areas of southern Australia this

nvol ves the three aspects: (i) prevention of patch grazing by animals in; the
spring (where areas of the sward are consistently overgrazed or undergrazed),
(ii) timng pasture-conservation so that harvested paddocks return to the grazing
area while pastures are still growing, and (iii) --progressively raising the
cutting height of harvesting equi pment when dry conditions occur.

In southern Australia, cold winters restrict pasture growh resulting in a
feed shortage in late winter and early spring. Slow winter grazing rotations of
60 to 90 days have been ‘found useful in transferring pasture grown .in autum’ and
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early winter into late winter (Sneaton and Rattray 1984). These grazing systens
increase the total quantity of utilized pasture and this appears to result nore
from an increased harvesting efficiency due to the higher intensity of grazing
than from an increased pasture growh (Fulkerson and Michell 1987).

CONCLUSI ONS
JANET z. FOOT

Due to limtations of space this review has not addressed the effects of
wat er shortage on aninals or discussed the direct effects of hot climtes on
sheep. There is a considerable body of work on the deleterious effect of heat
exposure on all phases of the reproductive cycle in sheep. This was reviewed by
Brown and Hut chi son (1973), who al so state that "Assessment of the severity of
climatic stress on animals in difficult pastoral conditions is a nost neglected
field of study". This is still true.

The overall econonmic inpact of climatic extremes on the Australian grazing

industry is huge, but is difficult to quantify. At one extreme there are
deaths, at the other chronic l|osses of production; the latter may well be the
nost inportant economically. Deat hs usual Iy occur when vulnerable animals are
suddenly exposed to cold. Onset of such bad weather can be difficult to predict

but the probability of it occurring at |ambing or shearing can be assessed as
described by Donnelly and Freer, and nmanagenent decisions can be based on these
probabilities.

The chronic |osses of production resulting from climtic stresses may be
due to inadequate feed intake (lack of available feed or |ack of appetite) or
to the diversion of |arge proportions of the feed eaten to non-productive
processes for maintenance of honeotherny. Various approaches to overcom ng
these problens have been discussed.

Al nethods of alleviating clinatic stress or its effects have costs
attached. Much further information is needed both on the extent of the
penalties and on the costs of alleviating them before the .economic inpact of
climate on the grazing industry can be adequately assessed.
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