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SUMVARY
Mai ze silage is a basic forage in nmany overseas countries yet its use is
still inits infancy in Australia's livestock industries. Qur foragemaize
crops are generally higher yielding but of |ower quality than those grown in
Europe but are on a par with those grown in the United States. Cenetic

diversity of maize hybrids and the ranges in crop managenent and climate in
Austral i ahave produced silages wthvariable nutritive val ues. St age of
maturity at harvest is inportant and a mlk line which narks the nargin
between the starch and milk phase in the grain correlates well with crop dry
matter (oM content, has been adopted in N.S.W

Until recently, little attention has been given to the role of nmaize
silage as a supplement to grazing aninals. Research at Kyabram has quantified
mar gi nal responsest o suppl enent ati onandthe effect of pasture quality on
mlk responses to various levels of maize silage in the diets of grazing cows.
Duringearly lactation, marginal responses are approximately 1.0 1 m | Kk/kg
silage DM on grass and 1.4 1 milk/kg silage DM on higher quality clover diets.
Cows grazing grass pastures (containing up to 25 g NNkg DM can consunme up to
40% of their diet as mmize silage before requiring additional protein
suppl ement s whereas cows grazing clover pastures (with 35 g Nkg DM can show
mlk responses with up to 60% maize silageintheir diet DM The potenti al
for maize silage in beef production has been shown at Wagga Wagga where growth
rates of over 1 kg/day were achi evedi nyoung steers fed entirely on nai ze
silage plus mnerals plus urea.

The integration of clover pastures and conserved forage crops should |ead
to large productivity gains which on irrigated dairy farnms in northern
Victoria, could anmount to over 80% above current |evels. Mai ze silage can
constitute over 75% of the diet of intensively fed beef cattle in the UK
Because of its unequalled capacity to produce utilized metabolizable energy
for livestock and a better infrastructure for silage making (machinery,
contractors, off-farm maize growers), naize silage should becone an inportant
source of quality forage for dairy and beef cattle throughout Australia.

(Key Words: Forage mmize, mmize silage, neat, beef, nilk, dairy)
INTRODUCIION

The ensiling of forage maize for winter feeding of I|ivestockhas been
practised in Europe and the U S. for over 100 years. Gow ng nmaize for silage
in Australia was first mentioned in the late 1800's (Anon. 1890) while
0'Callaghan in his 1912 textbook "Dairying in Australasia", considered that
'no dairy farm was conplete w thout an ensilage pit or stack" Recent
advances in plant breeding and crop mechanisation, have generated considerable
worl dwide interest in mize silage over the last 30 years. Plant breeders are
still able to develop inproved varieties as nmize yields in the U S. show
little evidence of plateauing. Nearly three mllionha of nmize are grown
each year for silage in the U S. while annual forage maize plantings increased
fivefold in Europe betweenl965 and 1983 when they totalled 2.8 nmillionha
(including 1:4 mllionha in France and 0.8 million ha in Germany). The rate
of adoption of this technol ogy has been nmuch slower in Australia probably
because of our low cost, pasture-based |ivestock systens. Nevertheless, there
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are certain areas where nmize plantings have dramatically increased, for
exanmple, on the NNS.W north coast (130 ha in 1978 to 525 ha in 1983) and
irrigated northern Victoria (10 ha in 1983 to over 700 ha in 1988).

Despite its inportance in overseas dairy and beef production, little
attention has been given to mmize silage in grazing systens. The majority of
cattle in the U S. are lotfed while in Europe, silage is fed to housed cattle
in winter, although conserved forages are now being used to supplenent grazing
cattle in autum (Phillips 1988). In Australia, hay has been the traditional
suppl ement for dairy cows although concentrates are fed on dairy farns with
mlk quotas. Even in seasonal calving areas such as Victoria, farners now
feed concentrates to overcome pasture deficiencies. Conplenentary forage
crops for grazing in situ are grown in certain dairying areas, but forage
maize has rarely been considered among these crops, presumably because it

requires harvesting prior to feeding. This review will present recent
information on the nutritive value of, and aninmal responses to, the feeding of
mai ze silage in Australia. These data will update that published in the

proceedi ngs of the national workshop on silage technology that washel din
Armidale in 1984 (Kempton et al. 1984).

THE NUTRITIVE VALUE OF AUSTRALI AN MAI ZE SI LAGES

Forage mai ze conbines the desirable attributes of high dry matter (DM
yields and high feed quality, nmaking it the elite forage crop for animal
production. Agronomic studies in Australia have confirmed the hi& productive
potential of the crop, wth yields equal to or better than those reported in
many overseas countries. In northern Victoria, average yields of 20-25 tonne
DM ha are commonwi thirrigated crops, while in coastal N.S.W, dryland crop
yi el ds have averaged 18 tonne DM ha in fieldtrials, However the nutritive
val ue, particularly with dryland crops, has been variabl e.

Variation in nutritive value

TABLE 1 Digestibility of mmize silages (neasured in sheep) produced in
various countries

Country Digestibility Level of feeding of sheep Reference
United Kingdom 0.736 (OM) * Restricted W
Netherlands 0.735 (OM) Restricted D
Belgium 0.730 (oM) Restricted D
France 0.704 (OM) Ad libitum D
West Germany 0.688 (OM) Restricted D
Australia (Kyabram) 0.679 (OM) Restricted M
Australia (Wagga Wagga) 0.655 (DM) Ad libitum K
United States 0.640 (IM) Restricted D

* OM, organic matter; DM, dry matter.
Reference: D, Deinum and Struik (1986); K, Kaiser and Piltz (unpublished
data); M, Moran (1986); W, Waimman et al. (1979).

Wien conpared to European crops, Australian forage nmize crops are
general |y higher yielding but of poorer quality (see Table 1). This could be
due to climatic differences, but there is evidence that choice of naize
hybrid, crop managenent, stage of harvest and method of assessing nutritive
value are also important. Even when conparing in vive digestibility data, the
amount of nitrogen (N) or mineral. supplenentation, level of feeding and ani mal
species can account for up to 0.05 units of digestibility. Even after
allowing for such differences, Australian nmize silages have |ower
digestibilitiesthantheir European counterparts, but are sinmlar to those
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grown in the US. Nutritive values may be even lower in tropical countries as
MIler (1969) reported a value of 0.627 for OM digestibility (OVMD) inmaize
silages from Nigeria.

Wien considering climatic differences, tenperature appears to have the
greatest influence on nutritive value and Dei num and Struik (1986) calculated
t hat ani ncrease in tenperature of 10°C can cause OMD to drop by 0.03 units.
Furthernore, high tenperatures tend to stinulate plant growth and reduce
digestibility nore so duringthevegetative growh phase, whennpstof the
cell walls are being forned. Because environmental conditions are relatively
constant within the Netherlands, a fixed value of 0.735 in vitro OVD (of both
fresh and ensiled maize) has been proposed with corrections being made for
variations in weather, hybrid selection and crop agronony, In a recent survey
invol ving 24 sites throughout Europe, Deinum (1988) also noted average
digestibility values of 0.735 with a range of only 0.701 to 0.760 across
| ocations when corrected for hybrid effects. Mean digestibility data for
different hybrids, corrected for location, ranged from 0.699 to 0.787. This
range is simlar to that reported by VWAinman etagl. (1979) for 16 nmize
silages grown throughout the U.K (ie, 0.701 to 0.773invivo OVD) which were
fed to sheep in calorimeters. Metabolizable energy (ME) contents of these
silages varied from10.2 to 11.7, averaging 11.1 M}/ kg DM.

To date20 nmize silages fromirrigated crops grown in southern N.S.W.
and northern Victoria have been fed adlibitum to sheep at \Wagga \Wagga and DM
digestibilities (DVD) ranged from 0.589 to 0.705 (Kaiser and Piltz,
unpubl i shed data). Schmidetal. (1975) reporteda simlar range in im vivo
DVMD (0.563 to 0.701) i n25 nmi ze silages grown over threeyearsin M nnesota
inthe U.S. To place this variability in nutritive value into context with
its effect on animal performance, at 20 tonne DM ha, increasing OWD from 0.60
to 0.70 would increase yield of MEfha from 168 x 103 to 196 x 103 M,
resulting in 5600 1 nore milk/ha or 1320 kg nore |iveweight gain/ha.

Perhaps a better appreciation of variability innutritivevalue can be
obtained from | aboratory anal yses of sanples taken from an even wider range of
crops and sil ages. Three data sets from N.S.W. are presented in Table 2.
They highlight the variable nature of maize silages produced within one state
through the large genetic diversities of maize hybrids, crop managenent and
envi ronnental conditions under which they are grown.

TABLE 2 Variation in nutritive value of mmize crops and silages in N.S.W.
(range in parenthesis)

Source of sample No. of OM digestibility Predicted ME content
samples (MJ/kg DM)

Farm crops and silages 64 0.612 9.2

throughout N.S.W.* (0.462 - 0.757) (6.9 - 11.4)

Crops from Grafton at 57 0.693 10.5

one harvest datet (0.633 - 0.735) (9.6 - 11.2)

Crops from Nowra over 212 0.664 10.1

one harvest seasont (0.472 - 0.730) (7.2 - 11.1)

* Digestibility predicted from ADF and N contents (Anon. 1983)
T In vitro digestibility (Kaiser and Havilah, unpublished data)
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Factors influencing nutritive value

Digestibility in forage maize is closely related to the concentration and
digestibility of structural carbohydrates in the cell walls of the stem and
also to the grain content of the crop, H gh yielding forage naize crops in
northern Victoria generally have higher levels of neutral detergent fibre
(NDF), acid detergent fibre (ADF) and lignin than those grown in Europe
(W1 kinson 1978), presunably because of the need for greater stalk strength.
Pinter (1986) noted a close relationship between stalk strength and content of
lignin (rather than cellulose or hemicellulose) and concluded that high stalk
strength was not desirable in silage nmize hybrids. In the U.S. study of
Schmidet al. (1975), ADF content was the best single predictor of in vivo DMD
of 25 mai ze silages. From our sheep studies at Kyabram we have noted a close
relationship between NDF content and OVD in 11 silages nade from- SiX
consecutive mmize crops (Mran, unpublished data). These data, together with
nean val ues fromthe U.S., U.K. and Holland (H) are presented in Fig. 1 and

the plotted line (from Kyabram data only) is:

OMD = 0.897 - 0.00041 NDF (r = 0.87, RSD = 0.111)
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Fig. 1 The relationship between organic matter digestibility and neutra
detergent fibre content in maize silages fed to sheep at Kyabram between 198

and 1986 (Moranunpublished data)

Dei num (1988), on the other hapasidered the genetic variation in
nutritive value of mmize crops in Europe when harvested at silage maturity was
mainly due to genetic variation in «cell wall digestibility rather than

wal | production and campo sition.

Wth regards grain content of the crop at ensiling, the situation is n
Nutritive value inproves with nore grain in the silage up to a point,

clear,
300 g grain/kg stover as suggested by Pinter (1986). Thereafter, 1lignif:
cation of the stem during grain fill can reduce any nutritional benefits f

increasing grain contenfonsequently in <certain trials, digestibility and

ani mal performance have inproved through feeding silages containing nore
grain,whereas in other tridligitle effect of grain content has been

observed (W I kinson 197sults from these trials are often confounded by
the feeding of-silages differing in both stage of nmaturity and grain fill.

Grain content can be influenced by stage of maturity at harvest, plant

popul ati on or wvari®¥éyh regards stage of nmaturity, Kaiser and Havilah
(unpublished data) measured reduced <n vitro DVMD within 17 maize hybrids grown
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at Nowa, with advancingnaturity (from0.68 to 0.63). Wen conparing four
maturity groupstaking 116, 125, 133 and148 days to reach the sane stage of
maturity, they recorded inwvitro DVD of 0.685, 0.667, 0.655 and 0.622
respectively. Barriere and Traineau (1986) conpared yield and nutritive val ue
of seven maize hybrids in France, finding the later maturing varieties to be
higher yielding but to have |less grain. They noted little effect of variety
on feed intake in sheep although the earlier maturing varieties had the higher
nutritive values. However thelatermaturingvarieties far outyieldedthe
earlier maturing ones in yield of digestible OM/ha. Deinum and Struik (1986)
also reported a slight negative correlation between crop yield and sil age
digestibility.

In summary, nutritive value can be inproved by early harvesting but maybe
at the expense of yield. Stalk strength, an attribute for producing grain, is
aliability for forage nmize but may be associ atedw ththelater maturing
varieties grown in Australia. The best hybrid for maize grain production may
then not be the best for forage naize. However the ideal forage mmize variety
shoul d be one producing the maxi mum yield of digestible OM per ha (above a
critical OWD) under the existing environnental conditions and the optinmm
agronom c practices for each particular area. There are no conprehensive data
available on digestibility of the stover fraction of the maize hybrids best
suited to Australian conditions and this needs to be collected (preferably
with [ow cost rapid screening nethods such as near infra-red reflectance
spectroscopy) to allow mai ze breeders to incorporate nutritive value in their
hybrid selection criteria. Deinum (1988) believesthatdigestibilities of
forage maizes grown in Europe could be increased to 0.80 through breeding for
better digestible cell walls in the stover.

As maize grain can constitute 50% of the total crop DM its degree of
processing during harvesting could influence digestibility of the silage. For
exanpl e, Stockdal e (unpublished data) observed faecal grain excretion in dairy
cons to increase from7 to 16% (of total faecal DM as mmize silage intake
increased from3 to 12 kg DM/cow/day. Because of this possible loss in
nutrients, atrialwas conducted to conpare cow performance when fed maize
silage of three different chop |engths. Silages were prepared froma naize
crop harvested at physiological maturity and chopped to three nom nal |engths
of 4 (fine), 8 (medium and 13 (coarse) mm These were fed to cows, in
conjunction with pasture, in metabolism cages. There was no treatment effect
on digestibility, mlk yield or nmaize grain excretion in the faeces (Stockdale
and Beavis 1988b). However there were differences in fuel usage during
harvesti ngi nt hatthe medi um chop silage required 12% and the fine chopped
silage required 40% nmore fuel than the coarse chopped silage.

Assessing stage of maturity — the mlk |ine score

Definitions of the physiological stage of devel opnent of the nmize crop
have generally been based on subjective descriptions of grain devel opment or a
measure of whole crop DM content. The former nethod, using such descriptions

as mlk, dough and dent, lacks precision, is subject to different
interpretations by various observers and, in any event, not all mize
varieties dent during grain filling. Content of DM while useful for
researchers, is not appropriate for accurate assessnent in the field. Kojic

and Stojsin (1986) and Havil ahand Kai ser (unpublished) have adopted a mlk
line scoring systemas a visual maturity indicator. The mlk line is the
border between the solid (starch) and |iquid phase of kernel (grain) contents
and noves down the kernel as the crop nmatures. In N.S.W., a5 point scoring
system has been adopted with the score 0 at the top of the kernel and a score
5 when the mlk line reaches the base of the kernel at "blacklayer"
physi ol ogi cal maturity. The milk line is closely correlated to whole crop DM
content and typical data are presented in Table 3.



TABLE 3 Changes in conposition of the maize hybrid XL82 (harvested at Nowra
in 1988) with advancing maturity (Havilah and Kai ser, unpublished data)

Date Milk line score DM content Grain content
(g/kg) (g/kg DM)
March 22 0.5 248 326
29 0.8 285 363
April 13 2.5 328 461
20 3.3 369 474
May 5 4.9 403 497

Forage maize will nmake good quality silage over the DM range 300 to 350
g/ kg, therefore the optinumtinme to harvest this crop would be between mlk
line score 1.5 and 3.0. This would extend the range of suitable harvest dates
over 17 days (from April 2 to 18) during which tinme grain content would
i ncrease from 400 to 450 g/kg DM. More data are required to establish
rel ationships between mlk line score and crop DM and between crop yield and
nutritive value for a range of hybrids over a nunber of seasons.

MILK FROM MAIZE

Initial studies at Kyabram assessed the role of maize silage in feedlot
diets (Mran and Trigg 1989). These plus a nore recent unpublished study
showed the potential of such nutritionally balanced, conplete diets
(containing 40% rol |l edwheat inearlylactationand 20% rol |l edwheat in nmid
andl atel actation) to produce 7000 1 milk, 290 kg milk fat and 200 kg milk
protein in Australian Friesian cows over a full lactation, During the |ast
four years, nmmize silage has al so suppl enented pasture-fed cows. In 14
trials, 197 cows were handfednaize silage in pens or netabolism cages in
conjunction with varying levels of pasture to delineate responses to
suppl enentation in terns of appetite, mnilk production and rumen digestion. A
further 175 cows in five trials were supplemented with silage while grazing
different allocations of pasture, These trials were conducted over spring and
autunm, with cows in different stages of lactation and involved both clover
and grass-based pastures. Gazed pasture intakes were nmeasured in each trial
which allowed the determination of milk responses fromthe mmize silage
portion of the diet.

Responses in early and late lactation

In several indoor experinents cows were fed different |evels of grass-
based pasture and supplemented with amounts of maize silage ranging from none
to ad Z<bitum. During early lactation, the nmarginal response was approx 1.0 1
mlk/ikg maize silage DM before yield plateaued between 30 and 50% sil age of
the total DM intake. Margi nal responses during late lactation were only 0.4 1
m |1 k/kg mai ze silage DM but there was no plateau in nilk yields up to 60%
silage of the total DM intake. Responses in mlk yield in early lactation
ceasedwhen dietary protein levels dropped to 13% while inlatelactation,
yields were unaffected by dietary protein contents as |low as 10% ( Stockdal e,
unpubl i shed data). These minimum protein |levels are considerably |ower than
reported values of 16% for early and 13% for late lactation (National Research
Counci | 1978).



Effect of pasture quality

Feeding clover rather than grass-based pastures overcones protein
limtations to mlk responses, particularly during early |actation.

” /
5
I 20
<
—
o
—
o
four
e
—
-
=
10 7 5 10

Maize silage intake (kg DM/day)

Fig. 2 Milk responses from cows in early lac

s in atio d of
ryegrass/white clover (OR ) or Persian clover (®) and supplemented with
increasing amounts of maize silage (Stockdale and Beavis 1988a)

The data in Fig., 2 originated fromtrials in which cows were handfed 7.5
kg DM day of perennial grass-based pasture (26 g Nkg DM 0. 67 in vitro DMD)
or the sanme anount of Persian clover (34 g Nkg DM 0.76 DVD) together wth
various |levels of mmize silage (13 g N/kg DM, 0.67 DVMD) ranging fromO to 11
kg DM/day. For grass-fed cows, mlk yields peaked at 20 |/day when silage
constituted 40% of the diet but with clover-fed cows, a mlk yield of 24 1/day
was achi eved at maxi nrum silage intake of 60% of the total DM with no
indication of a plateau in mlk yield (Stockdale and Beavis 1988a).
Furthernore, the marginal response to the first 5 kg silage DM was 0.9 |/ kg DM
for grass and 1.4 |I/kg DM for clover. This response for maize silage
suppl ementing the | egune can only be explained through associative effects of
di gestion which inproved the utilization of one or both of these feeds. In a
further trial, dairy cows in netabolism cages were fed at two levels of clover
(34 g Nkg DM 0.75 DVMD) either 5.1 or 9.1 kg DMday with ad i<bitum nmai ze
silage (10 g NNkg DM 0.68 DVD) to assess therel ativeinportance of changes
i nvoluntary feed intake and digestibility onmilk responses. Mk yields
were significantly higher on the high clover diet (22.2 v 19.3 |/day), as were
total DM intakes (15.3 v 13.3 kg/day) but OWMD did not differ (Mran,
unpubl i shed data).

Bryant and Donnelly (1974) and Rogers et al. (1979) reported inprovenents
in utilization of digested energy and nitrogen respectively of pasture in
dairy cows follow ng supplenmentation with maize silage. Wth growing cattle,
Thonpson (1978) reported a higher efficiency of utilization of M for
liveweight gain when fed nmize grain plus clover conpared to mize plus grass,
barley plus clover or barley plus grass, despite simlar metabolizabilities of
the four diets. Furthernore, Hvelplund et al. (1987) noted that efficiency of
m crobial protein synthesis in cattle was higher on diets incorporating maize
silage plus legumes conpared with nmize silage without |egunes. This coul d
partly explain the better utilization of naize silage/clover silage diets,
conpared to maize silage/grain/urea diets, recently reported in dairy cows in
France (Hoden et al. 1988). Further studies on interactions betweennaize
silage-starch and clover-nitrogen are currently being undertaken with sheep in



calorimeters at CSIRO Prospect (in conjunction with N. McC. Graham) and with
dairy cattle in metabolism cages at Kyabram (by C. Lemerle and col | eagues).

Responses in grazing cows

A summary of four grazing trials is presented in Table 4. M1k yields of
21 to 22 I/day were sustained in early lactation by feeding up to 10 kg DM day
of mmize silage, ie. upto 56%total DM Hutton and Douglas (1975) in New
Zeal and recommended that it should not exceed a third of the total DMin
grazi ng cows whereas Phipps (unpulished data) in England noted m |k responses
with up to 75% maize silage in the diets of grass silage-fed cows.

TABLE 4 |Intakes of nmize silage and pasture DM ani mal performance and
pasture quality in four grazing trials at Kyabram involving naize silage
suppl ementation during early or md |actation

Early lactation Mid lactation

Trial A A B c D D

Season * Sp/S  Sp/S Sp A/W S/A S/A
Maize silage DM intake (kg/day) 0 3.1 7.3 9.8 0 6.6
Pasture DM intake (kg/day) 16 .3 14.5 10.1 6.6 15.8 9.8
Proportion of maize silage 0 0.18 0.42 0.56 0 0.40
Milk yield (1/day) 19.5 20.9 22.3 21.1 13.9 14.0
Liveweight change (kg/day) 0.35 0.53 0.18 -0.26 0.50 0.57
Pasture N content (g/kg DM) 23 23 32 37 20 20

Pasture DM digestibility 0.66 0.66 0.76 0.70 0.62 0.62

* Sp, spring; S, summer; A, autumn; W, winter.

Cows grazed perennial ryegrass/white clover pastures in Trials A, B and D
and annual subterranean clover pastures in Trial C O her groups of cows
grazed less pasture in Trial A but were offered nore maize silage (10 g N kg
DM 0.61 DVMD). Once they consunmed nore than8 kg/day silage DM there was a
significant mlk response to additional protein (in this case cottonseed neal)

in the supplenent (Mran et al. 1986). Sinilar interactions between mize
silage intake and additional protein were observed in grazing cows in
Queensl and (Davison et al. 1982). Therefore, as concluded from the pen

feeding trials, at noderate N levels in pastures (up to 25 g Nkg DV,
additional protein is required when supplementing grazing cows with nore than
40% mai ze silage in the total diet. The summer perennial pastures grazed in
Trial D were of lower quality than those grazed in Trials A and B but the cows
were in md lactation, hence had lower dietary protein requirenents.
Therefore their mlk yields were not reduced through the inclusion of 40%
silage in their diet.

Cows grazed annual clover pastures in Trial C for either 2 or 6 hours per
day andwerethen £fed adlibitum nmaize silage on a feedpad. Oher cows in
this study were pen fed either a conplete feedlot diet (26 g Nkg DM 0.72
DVD) or a mixed diet of 0.6:0.4 of red clover silage:maize Silage (23 g N/kg
DM 0.64 DVD); the clover silagehad been heat damaged duringensilation as
DMD was only 0.61 despite it containing32 gN/kgDM. Al1 cows werefedthe
feedlot diet in the first week of the 12 week study. M1k and protein yields
are presented in Fig. 3 fromwhich it is apparent that the feedlot diet led to
consistently higher protein yields However after 12 weeks, mlk yields on
the feedlot diet approached those of the two grazing groups (Mran and
Wamungai 1988). Cow perfornmance on the clover silage/maize silage ration was
so poor that these cows were renpved fromthe trial after only nine weeks.
Therefore the quality of the basal ration has an inportant effect on mlk
responses to mize silage.
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silage or pen fed a feedlot diet (M Feedlot) or clover silage/naize silage
(Cs/MS) mixture during early lactation (Mran, unpublished data)

9



Cow performance in the two grazed herds in Trial Cwas simlar despite
large differences in maize silage intakes, nanely 11.7 kg DM day or 73% of
total diet DM with 2 hours/day grazing versus 9.8 kg DM day or 56% of tota
diet DM with6 hours/day grazing. However the fornmer herd |ost excessive
livewei ght (-0.63 v -0.26 kg/day) and this could be detrimental to fertility;
it would also have to be regained later in lactation. Therefore our
recomendati on when using clover-based pastures would be to graze cows between
nmorni ng and afternoon mlkings and then feed themon maize silage on a feedpad
over ni ght

Cows in Trial B were offered silage either in the nmorning only or
t hroughout the day to assess the inportance of pattern of feeding on maize
silage utilization, Cereal grains or concentrate supplenents are fed out at
each mlking to reduce the inbalance between the rate of ammmonia release (from
pasture digestion) and energy production (from supplenent digestion) in the
rumen. There were periods during the day when this rumen inbal ance is
critical with maize silage supplenentation (Mran and Jones, unpublished
data). However milk production in cows with silage freely available all day
did not differ tothatin cows fed silage in the nmorning only (Mran et ai.
1987). This is in agreenent with a recent report by Bruins (1988) who
reported simlar mlk yields in cows fed grass silage and nmize sil age
together or separately.

Forage maize can be fed out as greenchop in the autumm or silage
t hr oughout the year. Additional cows in Trial D were fed greenchop to
suppl enent the summer/autumm perennial pastures and produced simlar mlKk
responses to those presented in Table 4 (Mdran et al. 1987). Al t hough
greenchop and silage are of similar nutritive value for cows in md lactation
there is a yield penalty if a mmize crop is harvested too early, as DM
accunul ation during grain fill can anpbunt to 200 to 300 kg DM ha/day
(Pritchard and Mran 1987)

Substitution of pasture for supplenent invariably occurs when grazing
cows are offered additional feed and depends greatly on pasture availability
and quality. Feedinghighlevels (>6 kg DM/day) of starch-rich supplenents
can reduce mlk responses through depressed pasture digestion (Kempton 1983).
This is less likely to occur with quality fibre supplenents such as naize
silage as the rate of pasture substitution should be lower (Mijs 1986) and
rumen digestion is less affected (Mran, unpublished data). Past ure
substituti onwas neasuredin Trial Ain which 0.6 to 0.8 kgl ess pasture DM
was eaten per kg maize silage supplenment DM offered (Moran et aql. 1986). It
was al so nmeasured in a recent grazing trial in which cows were suppl enented
with different levels of rolled wheat or nmize silage; prelinmnary results
suggest sinmilar rates of pasture substitution for both supplenents (0.8 - 1.1
kg less pasture DM kg supplement DM (Mran and Croke, unpublished data).

MEAT FROM MAI ZE

Mai ze silage can have a dual role in beef finishing, either as a
suppl enent in pasture-based systens (for the donestic neat trade) or as a
component of feedlot rations (for both donestic and export neat trades). It
can be used to grow cattle out prior to finishing and al so be a mgjor part of
preconditioning diets in feedlots. As with dairy cattle, little attention has
been given to its role as a suppl enent for grazing aninmals. Wth | ower
dietary protein requirenments than dairy cows (12% v 16%, National Research
Council 1978), grazing systems incorporating up to 60% in diet DM or nore
shoul d be possible. Furthernore, these could be nore sinplistic than those
for dairy cows because there is little change in energy and protein
requi renments during beef finishing, conpared to those in dairy cows during a
full lactation cycle, UWilization of available pastures should be greatly
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i mproved through increases in grazing pressures nmade possible by feeding large
anounts of maize silage Research is now under way at Kyabram in which beef
steers will graze perennial and/or annual pastures at different stocking rates
with different levels of maize silage suppl enments.

Only 10% of Australia's beef herd is currently finished in feedlots.
However,' this could dramatically increase in the future through current
demands by supermarkets and exporters for high quality, grain-fed beef. The
potential for nmize silage to replace nore expensive high-energy conponents of
feedlot diets is soon to be investigated at Wagga Wagga. Earlier trials in
South Australia (Hawthorne 1978) led to growth rates of only 0.6 to 0.7 kg/day
in 270 kg steers fed nmize silage plus urea andthisincreasedto 1.0 kg/day
with the inclusion of 45%barley in the ration DM Prelimnary results from
nore recent studies (Kaiser and Piltz, unpublished data) are presented in
Table 5 in which 180 kg steers were offered 12 different maize silages (plus
mnerals and urea at 20 g/kg DM for 80 days. The resulting growh rates and
feed efficiencies conpare favourably with those from young steers fed maize
silage plus urea in Europe (Kilkenny 1978).

TABLE 5 Performance of 180 kg steers offered 12 nmaize sil ages ad Libitum
(plus mnerals and urea at 20 g/kg DM (Kaiser and Piltz, unpublished data)

Mean Range
DM intake (g/kg liveweight) 25.0 21.4 - 29.2
Liveweight gain (kg/day) 1.06 0.98 - 1.15
Feed conversion ratio (kg DMI/kg gain) 5.2 4.8 - 5.7

Kilkenny (1978) cites exanples of intensive beef production systems in
the UK. incorporating 75 - 80% muai ze silage DM and | eading to slaught er
livewei ghts of 490 kg by 14 nonths of age. Beef feedlots in the U S. also use
mai ze earlage (silage made fromthe cob fraction of the maize plant) to
increase nutritive value and the intake of the conserved crop. There are beef
feedlots in Queensland and N.S.W currently growi ng nai ze for silage or
contracting nearby farmers to grow the crop and this is likely to greatly
increase in thefuture.

| NTEGRATI NG MAI ZE SI LAGE I NTO EXI STING FARM NG SYSTEMS

The highyields of foragenai ze and the high nutritive value of |egume
pastures provide great opportunities to inprove on-farm productivity of mlk
and nmeat in Australia Research data from Kyabram have been integrated into a
farm ng system based on grazed annual and perennial |egunmes together with
conserved summer and winter forage crops. This so-called "Kyabram Dairy
Systenm' is still bei ng devel oped at the research and farmlevels and Table 6
presents theoretical data on the productivity gains achievable.

I ntroducing perennial |egumes should inprove total utilized ME by 28% yet
increase mlk fat yield by 48% because m |k fat per cow would have to inprove
fromthe current 178 to 250 kg per year prior to increasing cow nunbers. Wth
one quarter of the farm under double cropping, utilized ME should increase by
60% and total farm yield by 83% Wth optinmum grazing and cropping
managenent, it should be feasible to run 185 cows and increase total farm
yield by 145% Such theoretical productivity gains have been cal culated for
dairy farms in both New Zeal and (Tayl or and Hughes 1978) and Engl and (Doyl e
and Phipps 1987). In the latter case, a mathenatical nodel cal cul ated an
increase in profits by 70% per cow through allocating 25% of the conservation
area for mmize rather than pasture silage. At this stage, we have insufficient
data on on-farm nai ze production costs and productivity gains to allow for
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such economic extrapol ations. This is being collected and initial estinmates
(Earle 1987; Pritchardand Moranl987) cost a 20 tonne DM ha crop of forage
mai ze at between 8 and 10 cents/kg maize silage DM taking into account grow ng
and ensiling costs and a 20% | oss from harvest to feeding out. Thi s conpares
favourably with costs of conserved hay and silage (10 to 12 cents/kg DM),
cereal grains (16 to 18 cents/kg DM and commercial concentrates (20 to 22
cents/kg DV.

TABLE 6 Theoretical yields of utilized metabolizable energy (ME), mlk and
mlk fat on a typical 80 ha farmin northern Victoria with 500 ML irrigation
water allocation running spring calving cows.

Farm system Utilized ME Herd size Total farm yield Relative
(MJ x 10%/annum) (cows) milk milk fat total farm
(tonnes/annum) yield
1 4.89 105 467 18.7 100
(Typical)
2 6.26 112 692 27.7 148
(Perennial legumes)
3 6.97 125 772 30.9 165

(10 ha cropping) .
4 7 .80 140 855 34.2 183
(20 ha cropping)

The high costs of nachinery for growi ng and conserving naize are obvious
barriers to its acceptance by farmers but as the technology is adopted, nore
contractors will beconme available for sowing and harvesting the crop. Thi s
year for the first tine, there are cropping farners growing irrigated maize
under contract in northern Victoria and selling it standing in the paddock for
6.5 cents/kg DM Therefore |ivestock farners will now be able to purchase
regul ar supplies of forage maize without having to learn the skills and devote
the tine to ensure high forage vyields.

OONCLUSI ON

Wth the increasing costs of pasture supplenents, nmore maize silage will
be fed to grazing animals in years to cone. Dairy farners on mlk quotas rely
heavily on concentrates to overcone pasture deficiencies particularly during
autum and winter. Consequently they feed nmore concentrates than do farners
with seasonal calving herds. For exanple, in 1988 dairy farmers in NS W fed
on average 600 to 800 kg/cow year (and up to 1500 kg/cow year on farns close
to Sydney) whereas Victorian farners only fed 300 to 500 kg/ cow year (Moran
and Ashwood, unpublished data). Mai ze silage can be grown on-farm for about
hal f the cost of purchased concentrates. Furthernmore, it is generally of
better quality than conserved excess pasture, the traditional supplenment for
dairy farmers. Maize silage could constitute up to three quarters of the
finishing ration of beef cattle and this could replace much of the grain
currently fed in feedlots. Pl ant breeders are working towards better quality
forage nmize hybrids with acceptable DM yi el ds. The availability of suitable
machi nery and contractors to sow and harvest the crop is increasing. Finally,
more cropping farners are seeing the profits to be made in contract grow ng of
the crop. Therefore it is highly likely that maize silage will be playing an
ever increasing role in the livestock industries of Australia.
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