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Introduction

Hay producers in Awstralia have traditienally been pud
fur the quantity, not the guality, of the hay they
produce: By contrast; export markets are increasingly
demanding o more aniform supply of a high-quality
product from Australian supphiers. ferestingly, the
defhmition of 'quality” for export and domestic hay
destined tor the high-input dairy industry 15 the same as
it'is for domestic broadacre feed supplement or deought
feed, The requirements for fodder used incach of these
instances 18, however, very different 1ssues of quality
relating to feed preference. patatabatity, and
dizestibility will be discussed and related w
management stralegies o optinuse hay quality and
some of the physiological traits in cereals likely w
affect hay quality.

Components of forage quality

Performance of ammals 1= a zood indicator of the
quality of the forage they are being ted. Tn most field
sttuatons, the antmal s performance depends on forage
throughput and digestbility. As digesubility goes
down, antmals stregale w mamtan livewerzht doe o
an inability to eat epough and passénough forage
through their gastrointesting| tract 1 extract the
nutrients they need, At the other production extreme,
high-ingut dairy cows are fed a mined rauon
comprising only 25% conserved lurage, but peur hay
quality still reduces intake and performance. 1o this
situanon, however, quality has less to de with
digesubality ard more o do with preference and
palatability.

Digestibility

Ihgestibility of a forage largely depends on the
chemical compesition of the cell walls; or fibre,
component of the forage: Cne measure of this is the
neutral detergent fibre (NDYF) fraction. T8 this 1s high. il
tends ta reduce digestibibiy. Moreamportantly, as
lignin (an indipestible component of cell walls)
increases, it hinds with ather cell-wall carbalydrates to
reduce digestibility further. The poorest of ceraul
straws or standing pasture in summer may be so low in
digestibiliny that intake and throughput 10 the animals
will be so slow that they can lose hiveweizht. As
digestibiliny increases, g decreases: NDF tends to
decrease: and other noen-structural forage components,
such as water-soluble carbohyvdrates (WSC) und
protem, rise. This results ina more favourable batance
berween readily dezraded and resistant carbolvdrates
andd greater enerpy for the ammals. Higher protein
concentration of the forage allows For more complets

utihisation of this.energy and faster growth or higher
:
cutpul of the ancmals,

Palatability

Current chemical analyses, such as NEE, digestible dry
matter (DAY, and crude protein, cin cstimate the
nutritive value of the feed; bt they cannot predict Jeed
imtzke: The chemical components that affest taste and
texture o the forage are imporant in delermimng
palatability. These components can have negative and
positive affects on feed intake.

Herry ef gl (1990) developed o measurement of
fornge “shear energy”. This measurement reflects the
time it takes an animal 1o break down feed into small
particle sizes that can be easily digested, The higher a
forage’s shear energy measurement, or toughness, the
less anamimal will ar when oflered the feed ina
valuntary situation.

Meatshalic byproducts of miceebral growth can “lant”

‘2 hay and resaltin ol Aavours 1o the apimals. which

reduce palatability and thusiniake. These tainls can be
produced by bacteria, fungs, and monlds due W rain on
a windrow price @ baling or baling of forage of high
morsiure content. Positive effects on palatabitity are
likely toarise from increasing WS Threshold levels
af suernse for taste detection are commanly in the
arderaf 1.5 gfke torage, and fructose and glucose are
dereeted at lower concentrations. With WS(
concentralions of hay commaonly in the range of 30 w
230 p/ke. sweetness 1w likely to play a role inan
animal's desire toeat a forape.

Preference

Whether an animal wanis to ear a forage and how much
it wants [oeat are also influenced by preference. What
the ammal can sense in terms of sight and smell are
important, especially inoa bigh-tnput production
svstem, As an expmple of this, there has been a push i
recent viars o provide ohjective measurements for
grading oaen hay destined for the Tapanese dairy
mdustey. In the Tnpanese production $ystém, lactatng
covs are typically Ted a mised raton, with the addition
of hay contributing around 25% af the daly allowance
Acmajor ssue for customer relatiens and marketing for
the hay exporter is reduced mtake of the ration by cows
due 16 poar “quality” of the hay component. Rejected
louds are predominantly assoctated with low WSC
concentration. Scientificsidies (e.g., Fisher et al.,
bodrhs Cravarella ee al, 2001 and industry abservations
have shown that animals select stronglyv in favour of
herbage or hay with higher W3C concentrations, The
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authors are ufaware of any work investigating the
effec of colowr on animal sensofy perieption.

In-season and post-harvest factors affecting quality

High nitrogen status

Chur cesearch has found that, as growers apply
mereasing amaounts of nirogen (N wocereal crops 1o
increase crop Noupiake and growtl, stem-suear
concentrations decline (Figure 1), This can reduce the
BOM of hay made from forage of high-N status doe to
associated incréases in NDF. Work in the Unieed
States, at CSIRG Plant Industry, and at Department of
Primary Industries i Viciora has also shown thal
asumals select strongly i Favour of herbage or hay
with higher stem-sugar concenratons. A reduction in
siem sugars is correlated with a reduction in nutrinve
vialug, feed preference, and intake and, asa
consequence, can reduce animal producticn,

The challenge is for hay praoducers in Aostralia o
pptimise the production system, primarily N supply 1o
cTips, &0 a8 10 boost crop growth but net sdversely
affect WSC concentration and thereby feed preference,
patatability, and muntive value,
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Figure 1. Trade-off between WSC concentration and
protein concentration in the above-ground hiomiass of
wheat (¢ Jane at anthesis! for (1) Ginninderra 1991, (=)
Ginninderra 1992, (o) Barellan 1991, (o) Barellan 1992,
(A) Pucawan 1991, (&) Wagpa Wagpa 1991, {2 Harden-
Murrumburrah 1996, and (*) Ariah Park 1996,

Water status
Severe drought will reduce biomass growth; but of the
biomass produced, NDF will tend w be high and WSC
low. Surprisingly, BOM can be reasonabie,
Inirrigated sugar cane, crops are managed to
expericnee mild dronght in the weeks peior o eatting in
an effort 10 maximise supar concentratons of the crop
This is because; under muld drought stress; new growth
of a eropslows down but photosynthests can be
maintained, thereby leading to excess supply of
sucrivse. This s becouse the growth procésdes are more
sensitive W drought than is photgsynthesis. In this
situation, there is o decrease incell-wall growth and

' The period or act of expansion in lowers

3

secondary thickemnz bur an merease ) WET, resultine
in decredsed NTF due wow difution effect of hishes
WS

In the absence of drought stress-aiter flowerning,
groowth of non-ermn nssee due e cell-wall thickening
and Nzmlicamon feg., Pearce e af . 1984 and
continued stem elongation after anthess (e.g. Borrell
el TOED 1995 dre common i many griss spaceas
This comtinued erowth and lenification redoces T
due 1o the higrificaton. In contrast fo the ahove
example, NDF increases 10 conjunciion with W5
Thus we somenmes have the paradex of producing
levwer-guality hay ander epiimom prowing conditions
thae 1l there had been some mibd drough.

Frost at flowering

The effect of frost 13 defficult to quantify, as timing of
the frost and environmental conditions prior to the frost
result i varving damage to the gratn, Generaliy,
however, frosts just prior to and up o 3 or so days afier
mid-flowering result in death ocaborton of some or all
of the ovales or developig kernels: This tvpe of fros!
resubls inoan all-or-nathing response, That 5, frosied
grain dies, and there is a reduction in the number of
erains that develop, As a consequence of the redoced
grain numbers, WSC usually accumulates 1o higher
comcentrations than in non-frosted crops.

Frosts that oceur duning early groon Bthing usually
resilt in shrvelled ar collapzed grans of a dark
greemsh-brown colour or i defarmed grains where
damage has ocourred to only part of the Kernel The
later these frosts accur, the less ol an elfect they will
have on WSO primarsily and quality in general,

Management strategies lo oplimise growth of crops
and quality of hay

Budget crop inpuis

Gerting the nutritien of crops oght is important in
making the most of the season. Feriliser inputs of
phosphorus (P} and ™ should be budgeted on ceop
demand for average farm or paddock omass vields
plus some allowances for sol tie up, Small o moderale
armounts of N applied at, or close to, sowing have the
least negative effect on WA concentration,

Budgeting N and P fertiliser or a biomass vield of 10
vha B throwing money away if there are other
constrainis 1o production that can’t be aliered ond that
limit a farm average © 4 vha. Conversely, there is o
povint in feetilisirg For an overape hismass yicld of 4
tha i all it takes to Lift your yield aversge to 6 thi is
reclifying a trace element deficiency or rotating <rops
A rule of thumb for oprimisimg yield-and guatity 15 10
apply minderate amounts of N letihser atar close o
sowing. Deeprsoil-N tesling al the start of the season,
tezether with o spreadshest budget, can be wsed 1o help
miake mare inlormed decisions on crop lertiliser
TELUITETIE NS



Procevdings of the faind Confirgnee of GRY and GENSW 2004

Crop rotation
Rolaling crops s the Dot way of reducing the tisk ol
soil-borne pathogens that limat the vigour ond bromess
vield of coops i Table: 1), Root diseases reduce booma
throwen o wounding response duz to death of roats and
by limiting acrop™s ubility o fully extract waters from
the soil Trial work condoéted by CSIRO in
collaberation with the various stale departments over
e past 12 vears has shown a groweh advantage and an
incrense in N uptake of wheat ciops grown after
brazsica break crops compared o wheat after wheat,
Ensuring that stubbles are free of grass weeds over
summer will also reduce disense 115k and conserve sail
waler [or (orage erops or pashure.
Table 1: Effect of crop rotation an W5L accumulation of
wheal erops at Junee, New South Wales, 1996,

WEC accumulatian (t/ha)
Uncovered Covered

Previcus crop ) Leas
[IFs::Irar & ofiar
) disoase) disease)
Wheat (ool disegses) 220 293
Canala (less rool disesse 30z .58
Root diseases

In its simplest explanation, rout diseases exacerbata the
effect of drought because the diseased roots reduce the
extraction of water front the soil and therefors anplify
any drovght pericds. Al a more complex level, the root
disease also results in diversion of assimilate we the
sites of infection in a respanse o wounding by the
disease. The consumption of assimilates oy w fight
aff the fungal infecton further reduces the supply of
assimilate (or prowth and WSC accumulation

(Table 1), Rotate crops and sow resistant or telerant
cultivars,

Foliar diseases

Faliar diseases limit the supply of asstmilate from the
leaves to the mrowing ponts by reducing the
phuolosynthetic area of the crop. Insome foliar diseases,
this hmitation appears to be proportional to the
rediction m leaf area caused by the disease plus a
wounding response, resulting in higher lignin
deposiion and hence lower DDM. With other foliar
diseases, the reduction in assimilate supply from the
beaves (s preater than the reduction in leal area. due 1o
production of the enzyme invertase in the Jeaves in
response W infecton, Invertase traps the assimilbale in
the leaf in the form of simple sugars, which prevents it
frosm being transporled elsewhere in the crop, Ths
second type of folar diseasecan have adevastating
effect on growth amd biomass yield. In an experiment
at Junee, New South Wales, m 1996, rainsheliers
stopped raindrop splash from leal w leal, which
reduced the spread of foliar disease and resulted in
greater accumulation of WS Haoy of low DDM due 1
high lignin and low WSC results, with the added
negative effect of fungal staining and tamt. Rotate

LIRS N soww resisiant or folerant cullivars, Fungicides
are hecoming anoopben o munmese disease effeces (or
erops of fugher nomass yield

Timeliness of sowing

Suwing asearky as the break of season allows, while
Eaking it account cubtvar selection, frost sk, and
wentner-damage risks is one plithe simplest and mast
effective ways o opuamise erop growth and guabiny for
particalar envicenments. Asa rele of thumb. carlier
sowang of grect-Teaved cerealswill result in hivher
WEC bt miay also resultin hivher NOF and leawer
BN s discussed carliey

Past-harvest effects on forage gquality

We have been working on strategies to help growers
esgess the quality of ther stunding hay cropsor
pastures so they can make decisions aboul huy cuotting
and post-autting managemeant. As o rule of thumb, we
suggest that growers focus on high-quatity craps at
cutting and baling. The use af such rechnologies as
superconditioners has been instrumenta) in reducing
the curing fime and how long-a windrow 1510 the
paddack and subect o possible weather damage.

Use of breeding to increase yield through more
efficien! use of resources

Disease resistance

Ensuriag that the vanenes you grow have adeguate
resistunce of wlerange o root gathogens and folar
disease 5 importmt insurance against losses in vield
and guahity cansed by such problems. As discussed
abuove, the major reason for losses in vield from oot
pathorens: such as taks-all and crown rol comes about
through damage 1o the roots, wiieh limits the crep’s
ability to extract water from the satl, Foliar disease
Limis the supply of assimilate from the leaves o the
growng points by reduing the pholosynthene arca of
the crap. Current bréeding programs are doing an
excellent job of introducing resistance or 1olerance 1o
pathogens and are working towards incorporating
mudliple resistanoes Inbo new varielics

Canopy architecture

Several years of experiments comparing vnrelated
breeding lines varving in canopy architeeture indicae
that cereals with ercet legves accumolate hivher
concentrationg of WSC than loppy-leaved tvpes, The
advantage of erect types ab moderate w ph levels of
sodl N Chenl N plus fernliser ) 08 dae 1w beter light
penetration tnro tha canopy. Flappy-leaved types
intercept most of the light at the top of the canopy
while at the same tme inefhicientdy muntaimng. lower
leaves of high-N concentration

Reduced tillering and higher WSC

Reduced tillering is o traat currently bemge evaluated by
the grains industry as a way of increasing crop reserves
of WSC as imsurance asaninst drought. 1t may also hove
application in the hay industry as a way of reducing the
rrvestment inte structural carbohydrates and increasing
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the concentration of readilv. digested WS [n the past
fowr seasons, we have evaluared redeced nilering
wheats in a range of cuvironmeanis in South Awstralia:
Victoria, and Mew South Wales. Despite the reduction
in tillering, the carly vigour of thede wheats i similar
to freely tillering wheats due to larger carly leaves. In
several experiments whets we have fmken detled
measurernents. the best of the reduced-tillering crops
had similar N untake but had accumulated oo average
204 preater stemvsugars 1o flowering than the current
cultivars. We have not yet evaluated these breeding
lines for NDF or DDM

WS5C accumulation and the effect of
phenclogy

We have assessed vanation in the accumulation of
WSC in 80 spring wheats from Australia and overseas,
There was signilicant vanation foraccumulation of
WSE to anthesis, WSC varied between 13% and 25%
of the above-ground Biomass (Figure 2}, Assessing
WS 15 nme-consuming and labour intensive so
breeding populations have been made with the aim of
developing malecular markers to streamline the
breeding for high WSO accumulation: We currently
use near-infrared spectroscopy to speed up our analyses
for WSC and other components but-also hope 1o test in:
[ield tools, such-as theuse of a refractometer, 1oscore
WS,
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Figure 2. Variation in accumuolation of water-soluble

carboliydrate to anthesis with date of anthesis fora

collection of 80 wheals from Australia and oversess
erown at Ginninderra, ACT, in 1998,

The asseciation between accumulation of WEC and
anthesis date (- 1.6 g/m fday) was not sigmificant, That
15, late-matunng culivars do not appear to accumulate
higher WS coneentralions that early-maturning
cultivars.

Conclusion

The definitron of “quality’ for lngh-mput prodoction is
the same as it is for bioadacre feed supplement ar

1

drought feed. The requirements for todder used an each
of these instances |5 howevar, very different
Environmental [actors will ensiee that we have sutible
supplies for cach of theend uses: Breeders ars
endeavouring o incorporate discase resistance and
tolerance while tarzeting trais o improve forage
guality in their breeding lines, WSC 18 emerging as ond
af the most important determinamts of guality, Tssues of
quality relating to feed preference. palatability, and
digestihility are all dependent.on WEC éancentrations
b some extent Growers can employ management
strutegies o oplumse yvield-and quality, especially
WSO, of their toeage crops. Budaeting N supply is
likiedy to resull o the greatesl provernent i guidity
of fornge crops,
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