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Sup]:iumcmar}- fecding may be practised for one
ol three basic reasons: o keep stock from losing
welght (e.g. drought feeding); o enhance product-
ton through moderate weight gain at a streategic time
ling. flushing of ewes, weaner growth, increased
milk production, increased fibre production); or to
optimise growth rate of stock to be marketed.

Supplementary feeding of ruminant livestock
can mean anything from the provision of one min-
eral that is deficient in the diet, to the offering of a
compounded ration that is designed to produce opti-
mum growth rate. In this paper, the emphasis will
be on hay, silage and cereal grain that may be read-
ily available on farms, and inexpensive sources of
prolein or protein-precursors such as urea that may
be purchased for inclusion in a supplementary ra-
ton.

To Feed or Not to Feed ?

We can examine supplementary feeding system-
atically by considering why we might feed, when
we might feed, and what we might feed. The aspect
of how we should feed is a large topic beyond in-
clusion in this paper. It is one, however, thal pro-
ducers should look into when implementing supple-
mentary Teeding, because management pract-ices
which overcome such things as wastage, shy feed-
ers. grain polsoning, ureéa poisoning efc., can be
very important fo the success of the nutritional man-
dgement progrmme,

In considering whether there is a need (or desire)
te supplementary feed. a producer should review the
immediate objectives associated with each aspect of
his livestock enterprises. As indicated, the most
likely reasons for supplementary feeding are: to ar-
rest or slow the rate of liveweight loss, o boost re-
productive performance, to ensure optimum grow-th
rate 0 stock destined for market, or o improve the
appearance of stock.

Abstract: The supplementary feeding of ruminant livestock is considered against a background of
forage grazing. The pasture conditions under which supplementation may be effective and eco-
nomically viable are described, with reference 1o the limits of intake imposed by the ruminant di-
gestion system. Specific needs for metabolisable energy and protein for both mainienance and
various forms of ivestock production are examined as indicators of the appropriate ingredients to
be included in supplementary rations for ruminants.

The arresting of liveweight loss is usually asso-
ciated with feeding during drought or a pro-longed
seasonal trough, and basically invelves holding a
flock or herd at close o maintenance for a given
time. Survival feeding at maintenance may mean
that stock are given the entire ration they require to
survive. Aliernatively, it may mean they are given
feed in addition (supplementary feed) to the intake
they can derive from grazing.

Enhancing reproductive performance in sheep
usually involves prometion of moderate liveweight
gain in young ewes prior to their first joining, en-
hancing the condition of all ewes prior to joining
(i.e. Hushing), building up ewes prior to lambing to
enhance lamb survival andfor ewe milk production,
or ensuring that rams are in good condition for join-
ing. In most of these cases the animals are likely to
be grazing an ample guantity of pasture, but it may
be inadequate in quality. The question then becomes
one of whether to coffer a supplement that might
boost the intake of the base pasture, or to give one
that will inevitably replace the intake of some of the
base pasture.

Production feeding involves optimising the pro-
tein and metabolisable energy intake of the whole
ration to ensure oplimum rate and efficiency of live-
weight gain. The first consideration is the require-
ment of metabolisable energy for growth, that s,
the absorbed energy in excess of maintenance that
can be converted to production of lissues (bone,
musele or fat) to cause growth, liveweight gain or
‘finish-ing’, or products such as milk or fibre. This
pro-duction energy is related to three factors: the
weight of the animal, the quality of the ration 1t 15
consum-ing, and the rate (liveweight gain per day)
at which the animal 13 to grow,

The final case may be associated with the prepa-
ration of stock (particularly stud stock) for sale
where appearance, as much or more than perform-
ance, 15 important in determining value. The whole
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scale of determining efficiency of nutrient use, or
relurn on money expended, can change when pro-
ducers are selting stud stock. The application of
supplementary feeding just to enhance the appear-
ance of stock in a paddock, without any known rela-
tionship to production of a saleable product, is how-
ever, unfikely 1o he economically valid and will re-
celve no direct consideration here.

Nutritive value of forages and ingredi-
ents for supplements

Whilst the need of ruminant ammals for vita-
mins and minerals cannot be overlooked, and they
can be impoertant components of supplements pro-
vided to boost praduction, the details of their fune-
tion and use is beyond the scope of this paper.
However, to consider any aspects of supplementary
teeding it is necessary 1o appreciate the key roles of
energy and pratein in ruminant nutrition,

Metabolisable energy

When feed components are digested, they re-
lease energy in varying amounts and forms. [n the
case of ruminants most of the energy they absorb is
in the form of volatle fatty acids absorbed from the
rumen, or sugars, amino acids and fawy acids ab-
sorbed from the small intestine. Together, these nu-
trients contribute to the energy that the animal has
available for metabolism (its ‘metabolisable en-
ergy’). Metabolisable energy is expressed in lerms
of megajoules (MJ) and, using the system widely
adopled in Australia, we can describe feedstuffs in
terms of the quantity of metabolisable energy they
will contribute 10 an animal if con-sumed and di-
gested by it. Thus, feeds are described as having ‘x'
MI of metabolisable energy per kilogram of dry
welght (their M/D value),

For pastures. the general range in digestbility is
from 40% for very poor quality mature pasture Lo
Just over BD% for the early leafy growth of newly
germinated or regrowing plants. As a guide, we can
recognise that low digestibility, low quality rough-
age (mature, dried-ofl pasture, poor guality hay or
siraw — LQR's} has an M/D value of about &,
whereas pood quality, highly digestible, legume-
grass pasture might have a value of 10, and cereal
grains may have a value of 12 (Table 1),

Protein

Frotein is an important characteristic of virually
all forms of livesteck production (meat. milk, fibre}
and, hence, there is a need for the livestock 10 be ab-
sorbing adequate amino acids as these are the build-
ing-blocks of protein. In the case of ruminams, the
amino acids do not need to be derived from dictary
protein, as the micro-organisms which live and mul-
tiply in the rumen serve as a suitable source of pro-
lein to be digested by the ruminant animal and so
provide the amino acids it requires. A feature of this
mechanism that is particularly relevant to supple-
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mentary feeding is that a high proportion of the ni-
trogen which micro-organisms require o produce
their microbial pretein can be derived from chenu-
cally simple (and hence relatively inexpensive)
sources such as urea. This is because many rumen
MICIC-0Fganisms can use ammonia as their primary
source of nitrogen, and they do not differentiate be-
lween ammenia derived from urca and ammoma
derived from expensive Forms of dietary protein.

As the needs ol the animal can largely be ex-
pressed in terms of metabolisable energy and pro-
lein, il is important to examine the characteristics of
feedstuffs (particularly forages) which determine
the supply of these needs 10 grazing and/or supple-
mented sheep or cattle, There are two main groups
of nutnents and some specialised terms associated
with them. The first group is related 1o the Tibrous
portion of the ration - soluble carbohydrates, celly
lose/hemicellulose, hgmn, dry matter digesubiliny
and intake. The second.group is related to the pro-
lern content of the ration - degradability of protein.
ammonia, microbial protein and absoched armindg ac
ids.

Most forages in a dry formn consist of aboul 0%
minerals and 909 arganic matter, The components
of the organic matter portion can vary with plant
species, growing conditions and soil fertility, bt
they consist mainly of carbohydrates of varving
complexity (mainly sugars, starches, cellulose and
hemicellulose); crude protein of between 5% (for
low quality roughages) and 43% (for meals made
from legume seeds); and 4 o 8% lignin (Weston
and Heogan, 1973; MAFE (984, McDonald 0 af,
[988; Pearson and lson, 1989; Cottle, 1991, Asex
amples, actively growing, green pasture al an early
stage ol development might have 10% mincrals,
23% protein, 4% lipid, 3% ligmin, 409 soluble car
bohydrates and 200% fibre. In contrast, the same
grass species alter flowering and drying-off may
contain 8% minerals, 9% protein, 7% lignin, 2%
lipid; 405 soluble carbohydrate and 345 fibre, In
the mature plant material the higher amoum of lig-
min 15 particularly significant. both because it s in-
digestible and because it can combine chemically
with the other components of fibre (cellulose and
hemicellulose) to slow down their rate and extent of
digestion by micro-organisms in the rumen. These
effects on digestihility mean the animal derives less
energy from cach unil of intake and, also, the over
all capacity of the animal 0 consume low gquality
material is reduced.

When might supplementary feeding be
necessary?

As this paper 15 for an audience predominantly
of producers from south-castern Australia where the
preferred form af sheep und cattle production is di-
rect grazing of pastures or forage crops. the topic of
supplementary feeding must focus on the conditions
under which additional or alternative feed might be
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Table 1. The intake of dry matter {g/day) of rations with M/D's of 8.5 to 12.5 MJ/kg DM, required to supply the energy

to sustain growth rates of 0 (maintenance), 100, 200 or 300 g/day, for lamb live weights from 22.5 to 5.5 kg (Source:
Rohards, 1998).
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offered to stock that ideally would be raised entirely
on pasture. The four main pasture conditions, and
the form(s) of supplementation meost relevant 1o
each are:

# pasture sparse and poor (low/low)

» pasture scarce but green (low/high)

» pasture ample but poor (highflow)

o pasture ample and good quality (high/high)

Low/Low

A pasture which is deficient in both quantity and
quality is usually assoctated with a regular seasonal
trough such as a hot, dry summer in south-eastern
Australia, or an abnormally long dry period or
drought. The consequences of drought, oversiock-
ing or poor management, can leave as grazing for
stock only sparse pasture which is high in fibre. of
low digesibility and low in protein, If stock are 1o
be fed to keep them alive until a break of season or
some other event, then it is necessary 1o determine
how much- feed is required 1o maintain them at a
critical minimum weight. Each breed and strain of
livestock has a characteristic mature size and
weight, and this is directly related to the minimum
weight they can decline 10 and yet survive. Having
determined the appropriate survival weight of a
flock (Oddy, 1978) or herd (SCA, 1990), the nexl
question is, "What ration are the stock to be fed™?
There are two main forms of supplementation that
can be considered,

One form of supplementation 1o sparse LOR is
to provide the first limiting nutrient, that of nitro-
gen, with the aim of stimulating the activity of mi-
cro-organisms and hence inereasing digestion of
fibre in the rumen and so stimulating intake. The
success of this technigue is sometimes enhanced by
including molasses in the supplement as this pro-
vides the micro-organisms with a ready source of
energy, and sulphur which is the second most likely
element to be deficient in the LOR. The scientific
literature reports very mixed responses 10 urea sup-
plementation. with the variation appearing to be less
with LOR's of lower digestibility, and also to be re-
lated to the difficulty of providing the supplement in
a form that ensures relatively equal intake by the
animals.

The second form of supplementation o sparse,
lrar guality pasture is to provide a cereal grain ora
mixture of grain, hay, salt and limesione. To keep
cost down, unprocessed grain is often provide as the
whole ration in self-feeders, open troughs, or even
trailed on the ground. Although it is relatively easy
to determine how much grain to provide to maintain
the animals if their average weight is known, it is
difficult to know what to reduce this value by to al-
low for pasture that will be consumed, More com-
plex mixtures are inappropriate when feeding for
survival of adult stock, as cost must be kept o a
minimum and more complex mixtures are unneces-

sary for survival. Also. the inclusion of roughage in
the ration is not an issue which needs o be consid-
ered as 11 does in total feedlot rations, or rations de-
signed 1o feed lactating animals where the roughage
portion is essentizl 0 aid milk fat synthesis and
therefore to boost overall milk production

Low/High

When there is green pasture available but there
is insufficient o meet the animal’s needs, supple-
mentation with grain can be the mosl appropriale
option, The grazing. even of sparse green pasture,
should provide the stock with protein nitrogen and 4
reasonable supply of minerals and vitamins, and
therefore the main requirement is for energy, which
for cost effectivencss generally means a cercal
grain. The use of hay as a supplement to green pas-
ure can be inefficient, as wastage occurs. because
where possible the stock will preferentially graze
the green pasture.

High/Low

At times, such as a summer following a good
spring. there may be a large amount of dried-off
plant material (either pasture or crop stubble). Such
material has potential for supplementation with
urea, urea plus energy (molasses or grain) or a pro
tein spurce such as good quality hay or a high-pro-
tein seed meal. The major problem in utilising
abundant LOQR is that the supplement can become a
substitute for the matre plant material. Only the di-
rect spraying of urea onto the LOR can overcome
this possibility. The range of values in the lierature
indicates that the substitution tate is gencrally be-
tween 40 and 60%. That is, if sheep were eating 200
g of LQR daily prior to supplementation, once sup-
plemented they will reduce their grazing intake 1o
about 200 g. However, 200 g of material with an
M/D of 6 does not contribute much to the energy
needs of the animal, and so not much reduction is
requited in the amount of supplement required for
maintenance or a predetermined level of produc-
ton, As a 40 ke wether requires about 6.3 M] of
ME daily for maintenance, 200 g LOQR represents
about 18% of daily requirements and the amount of
supplement needed would be about 4.3 MJ per day
(500 g of grass-legume hay. or 350 g of wheat
grain). Stmilarly. for production feeding for cven a
modest gain of 100 g per day, the energy required
would be about 11 MJ per day, and then the LQR
would represent only about 10%. In this case. the
calculated amount of supplement may not be re-
duced, but the LQR would be playing an import-ant
role in preventing ‘grain sickness’ if the supple-
ment was all grain (in this example aboul 920 g per
day) or & ration mix with a high proportion of grain.

High/High

If ample green pasture is available but stock are
not meeting a production objective, any thought of
supplementation must turn 1o means of getling nu-
trients past the rumen for direct absorption in the
small intestine. In the case of energy, we know that
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some of the starch of maize and sorghum 15 more
likely o escape fermentation in the rumen than the
starch of other grains. Another way of enhancing
energy supply is to protect lipid so that it isn't fer-
mented 0 the rumen and increased amounts can be
added 103 ration without causing any problems to
the micro-organisms. Techniques for protecting
lipid have been developed by CSIRO and incorpo-
rated into commercial ration ingredients that are
available for use if the cost 15 justified relative to the
value of the product.

The protection of some of the protein in a diet
can be achieved by a number of means. Plant pro-
teins have a range of natural protection, with sain-
foin being noted for its relatively high proportion of
‘bvpass’ protein. Sources of concentrated protein
such as cottonseed meal, sova bean meal and lin-
secd meal have relatively high natural protection,
and fishmeal is renowned as having the highest pro-
portion of bypass protein. Protection of the protein
m ration ingredients ¢an be increased by the effect
of heat during processing, and particularly by treat-
ing the protein meal portion of a ration with formal-
dehyde (here again, CSIRO technelogy has been
commercialised).

Increasing the amount of bypass (protected) pro-
tein 1n 3 ratien 1s the main way of increasing pro-
ductivity in ruminants, particularly as many animals
{particularly dairy cattle, and highly selected beef
cattle and meat sheep) have a genelic capacity for
production that exceeds their capacity to absorb nu-
trients from digestion of even the highest quality
grass-legume  pasture. However, any processing
treatment, special protein ingredients or feeding
procedure costs money, and each supplementation
strategy should be costed against the value of any
additional product. For example, it is certainly pos-
sible 1o boost wool production by feeding sheep
protected protein, but extremely wnlikely that the
practice would be cconomically viable,

Some basic principles upon which sup-
plementary feeding depends

When supplementary leeding is practised there
should be an aim to ensure that the value of exira
product will exceed the cost of feeding. To achieve
this, the first step is to determine how much supple-
ment is required to achieve the production objec-
tive. This requires three basic steps: estimating how
much the animal can derive from paddock grazing;
calculating how much the animal needs for mainte-
nance and; calculating how much extra the animal
needs to fulfil the production objective.

Intake

Estimating grazing intake is extremely difficult,
However, when stock have unlimited aceess to good
guality forage, daily intake can be estimated as 3%
of the live weight for mature animals: For young,
growing weaners a value between 4 and 5% may be

more apphicable; Once pasture guantity 15 restricted
by a factor such as seasonal conditions, stocking
rate or grazing management, grazing intake will
usually decline. When quality of forage declines
(generally from the commencement of flowering
for grass and legume species) imtake is often mark
ediy restricted.

Forage quality may dechine so much that, re-
gardless of the quantity of forage available, stock
cannot consume enough each day to meet their re-
quirements for maintenance {r.e. 0 Mainiain a con-
stant live weight). That is, the high levels of fibre
(including lignin} in low quality roughages reduce
the rate of dry matier digestibility in the rumen.
This slow digestion in the rumen means that feed
miaterial stays there longer and hence overall intake
is restricted. Furthermore, il stock are supple-
mented with cereal grain or pellets containing a
high proportion of cersal grain, they will almos) al-
ways decrease their intake of low quality pasture
even further, This 15 because cereal graing with their
high levels of starch change the rumen conditions
and subsequently the mix of rumen micro-organ-
isms so that the ability to digest [ibre is reduced.
Thus, if the amount of supplement 1o be offered is
o be corrected for grazing intake, the correction
should be about 50% of the estimate of pasture in-
take prior to the commencement of supplementa-
tion.

Maintenance

An apimal’'s maintenance tequirement is the
amount of energy it must digest and absorb 1o meet
its needs for basic functions such as breathing, eat-
ing, ruminating and a small amount of physical ac-
tivity. The maintenance requirement is largely
dependent on the animal’s live weight and the qual-
ity of feed it is consuming. Maintenance values for
sheep and cattle can be calculated from equations
(ARC, 1965; Oddy, 1978; ARC, 1980; SCA, 1990},
or by using nomograms such as the excellent ones
produced by Oddy (1978). As examples of esti-
mates for sheep, the O values in Table | show the
maintenance requirements for sheep from 22.5 1o
52.5 kg live weight.

Production

The growth and fattening of animals. the secre-
tion of milk and the growth of fibre all have an en-
ergy cost in addition to the animal’s maintenance
requirements. The energy cost of each of these pro-
duction functions wvares and there are different
equations for calculating each of them that are be-
yond the scope of this article. It is important, how-
ever, that producers seek the information relevant to
their livestock enterprise(s) (Oddy. 1978; ARC,
1980; MAFF, 19584: McDonald er al. 1988; SCA,
1990

In relationship to production feeding, there are 4
number of fundamental points 1o emphasise. The
first is that an amimal’s daily intake must [irstly pro-
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vide 18 maintenance requirements and then exvess
energy will be used for production, If intake is only
marginally above maintenance the rate of growth
achieved will be low and the overall efficiency of
feeding for growth will be very low. If intake can be
elevated to 2 to 3 times maintenance, the rate of
grawth will be much higher, Also, efficiency will be
much better as a higher proportion of the total in-
take is directed towards production.

A second point 1s that as the nutritive value of
the ration increases less weight of feed is required 10
meet maintenance needs, and 1f its intake is high,
then & high level of preduction is pessible. Exam-
ples of this can be found in Table 1. Thus, for a 30
kg sheep to grow at 200 g per day, it would need to
consume 1324 g of green pasture (M/D = 11 which
is near itz limit of intake. On the other hand, the
same sheep would only need to eat 972 g of a cercal
grain such as wheat or sorghum (M/D = 12) o grow
at 200 g per day. If, however, it ate 1324 g of a ra-
tion with an MM of 12 11 could grow at up o 300 g
per day.

A final point of emphasis 15 that the limits Lo in-
take imposed on sheep and cattle by the digestion of
fibre in the rumen can often restrict the animal's
ability to grow rapidly (even if it has the genetic po-
tential to do so). Again an example from Table |
can illustrate the point. For instance, a producer
may have mixed pasture with-an M/D value of only
9 available for grazing, but calculate that 1o market
30 kg lambs by a given date they would need to
grow al 200 g per day. In this case, it is unlikely the
sheep could consume the 1478 g of pasture neces-
sary to meet the growth objective as this amount ex-
ceeds their intake Hmit of about 1200 g (even at 4%
of LW, That is, supplementary feeding will be re-
quired 1f the production target i3 1o be-achieved,

A system for determining supplementary
feeding levels '

The following is a scheme that a producer or ad-
visor might systematically apply to individual
flocks or herds, or Lo all the livestock on a property
to delermine a level of supplementary feeding:

* Define the animal enterprise, particularly identi-
fying the products or oulcomes with economic
value (e g, meat production from young sheep;
joining of crossbred ewes. lact-ation of becf
cows)

* Measure or estimate the present average weight
(Wpj of the mob, flock or herd

& Define the targel weight (W1} for the group (Wi
could the same as Wp (= M}, a target weight
for joining . or a target marketl weight)

® Dewermine the average of Wp and Wi to give a
“calculation™ weight of We,

Degide the ume scale for the leeding, fe the
number of days, weeks or months o the end-
point of the acuvity (e.g the sale of lambs:
weaning of calves; joining of ewes, ere ).

Define the product: M = no bady composition
change, no reproduction

¢ livewerght gain of 'x' glday
+ milk production of 'y’ Liday
+ ovulation rate of “z' ovalewe

Define the pasture situation (nil, low/poor, low/
green, high/poor, highf/green

List the available, or procurable, feeds and their
most likely cost {or the opportunity cost in the
case of conserved lorage or grain held on farm)

Caleulate  the requirement [or  mantenance
based on We.

In the cage of some pasture grazing, estimate the
intake of pasture before supplementation.

Multiply the pasture intake value by {15 1o de
termine the likely intake when supplementary
feed is available and o substitution effect oceurs

Subtract (L5 x pasture intake [rom the mamie-
nance value te give an amount of supple-ment,
such that the intake of pasiure + supple-men:
will satisfy maintenance requiremnents.

In the case of growth andfor finishing, calculate
the time available to reach the market abjective.

Nominate the required market weight and sub-
tract the present average weight to give the gain
which needs to beachieved.

Divide the gain required by the days available,
Lo give the required weight gainfday.

Consider whether the required growth rate s
within the potential rate achievahle by the s1ock
(e up to 250 g/day for unselected meat sheep:
250 o 350 g/day for meat sheep from a flock
with a histery of selection of sires andior dams
for growth rate)

Determine the quantity of feed required o pro-
duce the desired growth rate (Mo, the amounl
may need reassessment at intervals because, as
the animal's weight increases, the production
part of the ration necds 1o increase W maintain
the same rate of weight gain)

Add the 'production’ requirement to the mamte-
nance requirement to give the daily feed e
gquirement {Note 1. Table | values include hoth
the maintenance and production needs, Note 2.
In a feedlot situation where the aim s Lo masi-
mise growth rate, the ration is offered at or close
Loy aadd Lifriteem ).

Check that the required daily intake s within
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the limvits of the particular age and size of ani-
mals (3% of Wp for mature animals on average
quality grazing; 4% of Wp for young sheep on
good prazing; 5% of Wp for high production
stock onea high quality ration).

» Compare the expected $ return with the cost of
feed/day x days x unit cost of ration,
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