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Grazing by numbers makes lucerne last

Rex Williams
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Summary: Lucerne can provide major benefits provided it lasts the duration of the pasture phase.
This often depends on the "art of grazing management”. This "art" can be simplified by providmg!
an outling for success and some “numbers”™ to follow to select the best grazing svstem, The
ohjectives of the farming system can then be balanced with aspects of the pasture; plant, vanety,
animals, and environment. Simply decide how leng the pasture 15 needed, then consider the size of
the paddock and stand age. Critical rest intervals can be determined by flowering stage, and
manipulated by prazing heighi, stock tvpe, stocking raee, and grazing duration. The variety, the|
weather, plant stress, andfor weeds may also affect the chotce of graring strateegy. Outcomes need
to be monitored, and grazing strategies changed where necessary, PFlexibility is important,
Ultimately, lucerne grazing management becomes not an “ant”, but a "numbers game” based on |

| v -
| skill and science.

ucerne (Medicago sativa) provides a reliable,

high-vielding, and nutritipus spurce of feed in
pastures. It is the most common perennial legume
used for grazing by sheep, cattle, and dairy cows, It
is also used in crop rolations 10 fix nitrogen, reduce
weeds, and provide a disease break. Lucerne can
control  salinity by lowering water tables and
reducing recharge. During droughts, it provides
valuable feed by drawing on deep water with long
tap roots or by responding guickly to any rain.

Given these benefits; lucerne is increasingly
being used in farming systems throughout Australia,
Haowever, its success in these systems often depends
on whether an appropriate density of plants can be
maintained for the duration of the pasture phase.
Studies have shown that with inappropriate grazing,
lucerne may anly last for six months (Brownlee
1973}, Although publications have often addressed
this issue, many still regard lucerne erazing
ranggement as an Man”, The simplest foom of arl s
a "paint by numbers" kit where an overall outline is
provided and numbers are used as a guide to
completing the picture. In the following paper, the
aim is to outline the "art of grazing management” of
lucerne, and discuss the main "nombers” required to
complete the picture of the most appropriate grazing
system,

The target

The choice of grazing sysiem for any luceme
pasture must provide a balance between the

requirements of plants, animals, the environment,
and the viability and sustainability of the farming
system. Tareets must be determined before selecting
an appropriate grazing system or even deciding
whether o grazing system is reguired (Lodge 1995),
For example, grazing pastures in response to rainfall
or feed shortages may penalise the long-term
survival or persistence of lucerne (Lodge 1991).
However, this may keep stock alive during drought.
Grazing strategies will therefore depend on the
overall largets of the enterprise. One of the Orat
“numbers” réquired o aid the choice of grazing
stratezy is the desired duration of the pasture phase.

The duration of the pasture phase

Some lucerne plants can survive for 20 10 25
vears (Leach 1978), However, the density of plants
in a pasture over time is far from stable and resilient
{Gramshaw 1978), The longer u lucerne pasture is
required, the more imporant the choice of gracing
management  hecomes. For example, rotational
grazing has been recommended sinee the 1940°s to
maximise the life of lucerne stands for livestock
production (Moore ef al. 1946). In contrast, such
highly-managed systems of grazing may be less
important in crop rotations  where stands  are
required for only 2-3 years.

The pasture

Secedling regeneration in lucerne is rare and the
productive life of a lucerne pasture depends on the
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maximise stock productivity and pasture longevity.
Although central watering points and electric fenc-

100 ing offer cheap and effective methods of subdivi-
= i sion, the extra management nvolved in shiftin
£ £ g
Y stock and monitorfing pasture’ growth may not be
. gp Z ¥
% practical (Lodpe 1991), The need and degree of
2 <0 suhdivision are greatest when seeking maximum

g g
£ ik use of feed, long lucerne life, high stocking rates,
& "\‘ﬂ:nm and/or where rainfall is himited (McDonald er al
O ' 1995}, Alternatively, stocking rates on large crop-
= Tarrwarth ping paddocks may be reduced below carrying ca-
a : : : ' ' pacity and animals set-stocked. Although further
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i research is needed. this could alleviate the need for
Time after sowing (months)

a grazing svstem altogether. Amimal productivity
and lucerne persistence will not be optimised, but
Figure 1. The decline in the overage persigtence of Tucerme t]'lf:':ie porainies may bessimal given e rcdlfmﬂd e
varicties as measured by relative plam Mregquencies for dry- IIES'[]"L!C_IHJ‘I.‘: and mardademhenl coss. Even in, tiese
land trials sown at Yanco (open squares) and Tamwonh t}'p&:’: ':'_l pﬂddc&:k&: Eu-::f:rnﬂ plants cﬂ"jlid be r.ﬂllf"d by
{closed squares) during 1988, providing alternative feed sources either within the
paddock as part of the pasture mix or as supple-
ments. Scparate paddocks based on other species
such as sub-clover or oats could be used to fill feed
gaps or to rest the lucemne. On the other end of the
scale, Kemister (1995) suggested the use of cat self-
feeders in-a small paddock of high quality lucerne to
boost feed quantity for [inishing stock. Lloyd-
Davies (1994) suggested a sporadic system of one
day of lucerne, five days of dry pasture to maintain
weight of weaner sheep in summer where only a
Even under correct manﬂgﬂme_n[ and withourt Qmﬂ” ared :Jf ]IJ-CE!TI@ C{)kﬂd bﬂ Eﬁluh!llf"hﬂd.
diseases or pests, lucerne swards will “sell-thin” to
an equilibrium plant density consistent with the en-
vironment (Palmer and Wynn-Williams 1976). Un- Seedlings stands of lucerne are more easily dam-
fortunately, we do not know equilibrium  4ged by grazing than established stands. McDonald
]'JH[I'll|-alI-={1'I'IIS ﬁil'lil.ta{:h EEIviIT:;_IJT!mI.‘:T!l. ancl assc::‘*:ing IhL et al. (1995) p]‘i.‘r"-'idt!d s,'p.ugiﬁc guidcljncg for araz-
compeunding effects of d:ttcrcq[ ﬂystcmrs. 0ol ETANE  ingd und o prevent early [odgmg of the crop. A briet
etk roalltiTeRT NITRETR il 1SR sotity.  grazing after crop harvest will disperse stubble, pro-
We may address these questions in future research. mate lucerne growth, and better use any grain lost

survival of original plants {(Leach 1978). The den-
sity of these original plants declines with tme, al-
though the rate and degeee of the decline may vary
across environments and management systéms. For
example, ‘a continuous decline in density (relative
plant frequencyt was measured over time in a dry-
land trial at Tamworth (Figure 1). The same lines at
Yanco crashed initially, but then maintained density
for the duration of the trial.

The stand age at grazing

from the header. Rotational grazing in newly-esiab-
lished stands should commence once the lucerne has
fully flowered. Lucerne sown without a cover crop
shiould be first grared only in full flower, unless
weed competition is severe.

What we do know is that grazing management
can play a major role in determining the rate of de-
cline in lucerne persistence (Lodge 1991). Continu-
ous grazing at medium to high stocking rates leads
to rapid declines (McKinney 1974}, whereas rota-
tional grazing can provide long-term productivity
(Leach [998). Resting or spelling pastures or even
individual lucerne plants can be achieved by subdi-
viding large paddocks, reducing the stocking rate
andfor by providing aliernative feed sources. The
strategy  chosen is hest related 10 another key
“number”, the initial size of the paddock.

The plant

A rest interval between successive grazings
helps sustain the productivity of a lucerne plant,
The duration of this rest interval is a key “number”
in determining the oplimum grazing siralegy.

: The duration of the rest interval
The size of the paddock

_ . The minimum recommended rest interval he-
Large paddocks of lucerne are best subdivided to
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tween grazings is about 35 days (Moore et al, 1946;
McKinney 1974: Leach 1979). This replenishes es-
sential root reserves of energy to ensure rapid re-
growth and plant survival after grazing (MeDonald
et al. 1995). More than 90% of these energy re-
serves are stored as starch (Heichel er af., 1988,
We measured starch levels in a range of 20 vareties
te find the optimum resting interval (Williams
1995a). Starch levels declined for 13 days dunng
regrowth as reserves were mobilised to supporl the
growth of new stems and leaves (Figure 2a). After
13 days, starch levels increased as photo-synthesis
in the tops produced more carbohydrates than
needed for shoot growth. These results were consis-
tent with limited studies under different conditions
{Hodgkinson 1969}, In common with the recom-
mended rest interval, 35 days were required after
cutting before starch concentrations returned to their
initial levels (Figure 2a). However, in this study,
rool systems also gained weight during regrowth
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Figure 2. Mean effect of the duration of regrowth on () the
concentrition of starch and (b} the weight of starch in Toots
of twenty different varieties of luceme,

and this diluted the concentration of starch. Only 23
days were required before the total weight of starch
in roots was renewed (Figure 26). This suggests that
for established plants with root systems that change
little in weight during regrowth, rest periods shorter
than 35 days may be possible, Investigations are
continuing,

However, any calendar-based sysiem of grazing
management ignores the basic biology of the lu-
cerne plant and its response W grazing and stress,
Therefore, alternative svstems of determining rest
intervals in lucerne have been suggesied. The maost
widely used “number” is the percent Mower

The percent flawer at grazing

About two thousand vears ago, Pliny suggested
that lucerne should be cut at the beginning of flow-
ering (Bolten 1962). Many authors in Australia
have since promoted the management of lucerne
based on Nowering stage (Lodge 1991). Commaon
practice relies on the 10% Nowering stage a5 an in-
dication of when to graze lucerne. The reason this
technique is often successful is the association he-
tween flowering stage and the accumulation of en-
ergy reserves in the roots and crowns. Maximum
accumulation of root reserves accurs at full bloom
(Reynolds and Smith 1962), not at 10% flowering
when these reserves may only be 40-60% of maxi-
mum. However, forage value and animal productiv-
ity may be reduced in later stuges of Mowering. The
10%: flower stage provides the hest compromise of
quality, forage yield, and pérsistence (Lodge 1991).
Given that grazing only at 10% Nowering will still
reduce reserves, letting lucerne fully Aower when-
ever possible is probably useful (such as during
winter when alternative feeds are plentiful) andfor
immediately before and after periods of plant stress.

The use of Nowering stage o time the rest inter-
val is complicated by the effects of temperature,
daylength, and water availability on the flowering
response. Under particular combinations of these
variables, it is possible that there may be no associa-
tion between flowering and rool reserves, Graber
{1935} also suggested that there are occasions when
flowering in lucerne is not necessarily a prerequisite
te obtaining high levels of energy reserves in roots.

The length of basal buds (and grazing height)

When daylength is inadequate to promote flow-
ering, or when flowering is sporadic or affected by
insect damage, some researchers have suggested
that the development of crown buds may provide a
better guide to when lucerne is ready to cut (Sheal-
fer er al. 1988). The existence of new shoots below
cutting height at the time of cutting increased the
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that the development of crown buds may provide a
better guide 1o when lucerne 15 ready to cut
(Shealler e af. 1988} The existence of new shoots
helow cutting height at the time of culling increased
the rate of regrowth (Smith 1972). Howewver,
variation in crown bud appearance and elongation
across varieties and growing conditions makes this
trait unreliable for determining tme of cutting of
grazing (MeDonald 1995). With respect to grazing
management; the aim s o reduce damage to these
crown buds. Grazing should be timed to ocour
before bud elongation. Anather option may be o
manipulate graving pressure or duration so that
taller stubbles may be left and buds remain
undamaged. Tall stubbles (5 cm) can also prevent
dechines in root weights during regrowth (Hodgkin-
son et al, 1972), Leach (1968) showed that tall
stubbles provided more sites for regrowth and led 1o
the highest wvields. However, large amounts of
ungrazed stubble may also reduce the rate of
regrowth (Leach 1979). The wvalue of old basal
leaves has also been questioned (Brown er al
1966). especially if they photosynthesise slowly,
shade the crown, and prevent the development of
new shoots, Generally, tall stubbles appear to have
value where close grazing will damage crown buds
or where rool energy reserves are depleted,

The variety

Lucerne varieties differ in growth pattern and in
their response (o challenges from pests and disease,
drought, waterlogging, grazing, etc. A variety
should be chosen that will produce sufficient yields
when needed and maintain this productivity as
required. Different types of varietics may reqguire
different  grazing  stratégies o optimise  their
performance. Again, certain “numbers’” are impori-
ant

The winter-dormancy rating

All lucernes grow best from late spring until
early autumn, bot differ in their relative growth
during late autumnfwinter (McDonald er al. 1995),
This diflerence in "winter-donmaney” (o "winler-
activity™) is associated with other important differ-
ences among varieties (Williams 19955). The best
balance of waits depends on the target and the
location. For example, the antumn/winter produc-
ticin from highly winter-active varieties can provide
great benefits to livestock productivity. However,
highly winter-gctive varicties have a higher crown
structure (Williams 1995a) and harsh grazing may
more easily damage them. Even at low plam
densities, highly winter-active varieties generally
oul-yield dormant vareties (Lodge 1985 a).
However, they can lose quality quickly il grazing is
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delayed (McDonald [9495),

Many studies  have sought an  association
hetween winter-dermancy and performance under
grazing. Under rotational grazing, there were
generally few differences among varietics or among
dormancy groups in persistence (¢.g. Leach 1969;
Brownlee er al. 1984, Lodge 1985 ab). However,
survival varied among varietics following heavy
{Leach 1970) or continuous {Kachne 1979) grazing.
Where disease incidence was low, Lodge (1991)
concluded that grazing may cause different varieties
to decline at different rates. but that they eventually
decline o similar levels, Therefore, at specific times
during the life of a pasture, varieties may differ in
density and this must be considered relative to the
desired stand  life. Recéntly we measured large
differences in density among vaneties in grazed
trizls at both Yanco and Tamworth (Williams and
Boschma 1996), These differences could be
predicted, not by differences in winter dormancy
alone, but by combining this trait with measures of
stem length in summer. The observed and predicted
densities for vareties at Yanco are illustrated in
Ficure 3. This study alse identified differences
among varieties in their wse of starch reserves
during regrowth (Figure 4). Root reserves were
better maintained during regrowth for the persistent
variety Aurora {winter-active) than for the less
persisient varicties. P345 and Cufl1d1. The dormant
varicty P545 recovered quickly, but the highly
winter-active variety Cufl01 did not. Additional
data for 20 vaneties showed a similar pattern. This
may be related 1o differences in regrowth rates,
Nevertheless it suggests that highly winter-active
lucernes may be more susceptible to damage from
grazing earlier in the regrowth eycle than dormant
types. This would also make them unsuitable for use

under extensive or prolonged heavy grazing.
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Figure 4. The percent starch in roots dunng regrowth for
seedlings of Auroma (5olid sguares), CuflO1 (open dia-
monds), and P545 {open circles) grown in pots in the green-
house,

the proportion of plants resistant o various pests
and diseases, Interaction between varietal resistance
Lt disease and persistence in haycutting stands has
been shown (e.p. Gramshaw er al. 1983), The weak-
ening of a plant due 1o pests or disease mav predis-
pase it further 1o damage under harsh grazing,
Therefore, the choice of variety may be critical for
stand survival under grazing in areas where diseases
and pests are known to occur. Similarly, varietal
differences in tolerance of other challenges, such as
drought, have been recorded (Sheaffer ef al. 1988).

The animals

Pastures are usually grown for livestock produc-
tion. Decisions on how best to manage grazing in
lucerne pastures need to consider “numbers” for
both the size (ie type) of stock and the stocking
rate.

The sizeftype of stock

Continwous grazing, even at low stocking rates,
may increase selective grazing pressure on individ-
val plams (Leach 1978). However, cattle graze less
selectively than cheep and extensive periods of set
stocking with cattle may not affect stand density
(Wolfe er al. 1980), An aim of good management is
also to preserve basal buds and retain stubble.
Lodge (1991} suggested that cattle may be more ef-
fective than sheep in this regard as they do not gruze
as closely 1o the plant crown. However, catile are
susceptible to bloat. This risk can be managed by
using anti-bloal agents, careful grazing, and by in-
creasing the grass component of the pasture. Sheep
do not bloat, but red gut can occur when no other
feed available except lush pure lucerne., Roughage
as hay or grass will overcome this problem. Lambs
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can scour and lose weight from changes in feed
quality during rotational grazing. Moving lambs be-
tore they have eaten all the leaf will overcome this
problem (Kemister 1995). Dry ewes can then com-
plete the grazing. If lambing must ceeur on lucerne,
continuous grazing at low stocking rates will reduce
mismothering and reduce damage to the lucerne. To
avoid reductions in lwinning rates, remave breeding
animals four weeks before and during joining it leaf
disease is evident (McDonald et al. 1995,

The stocking rate

The optimam stocking rate will vary depending
on the enterprise target, the environment, and the
sysiem of grazing management. Successful sysiems
of rotational grazing have involved rates per hectare
from 12.5 wethers at Trangie. to 15 dry sheep at
Wagga and Tamworth, to 20 breeding ewes at Can-
berra (McDonald e af. 1995).

The grazing interval

Decisions regarding the duration of grazing may
be less important for stand survival than the length
of the rest interval. For example, grazing periods of
up to 21 days did not affect subsequent persistence
in studies reviewed by Lodge (1991), However,
stock may have to be shifted earlier 10 prevent re-
ductions in weight gain or cven considerable weight
loss (Kemister 19951,

The environment

The final set of “numbers” that should be con-
sidered in designing an effective grazing manage-
ment svstem ¢oncern aspects of the environment in
which the lucerne is grown.

The weather

Grazing ireatments applied in a wet year reduced
lucerne vigour more than in a dry year (Whitear ef
al. 1962). Wilman (1977} showed that wetter sea-
sons favoured grass-dominated pastures when lu-
cerne. was frequently grazed, but this effect
disappeared in drier vears. Therefore, the optimum
grazing regime for maintaining lucerne in a mixed
pasture may vary across years and weather condi-
tions. Lucerne can also quickly die if cut or grazed
before heavy rain or imigation under hot conditions,
especially where soils are poorly drained (Donovan
and Meek [983), Where night temperat-ures are
high, root energy reserves can suffer a net decline
from respiration (Feltner et al. 1965} and this may
reduce tolerance to grazing. Many studies have
shown that energy rteserves also decline during
harsh winters in America and that lenient grazing in
autumn and spring is recommended for plant sur-
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this may reduce tolerance to grazing. Many studies
have shown that energy reserves also decline during
harsh winters in Amerca and that lenient grazing in
autumn and  spring is recommended for plani
survival (Smith 1972). Limited studies in Australia
sugecst that grazing in autumn and winter can affect
subsequent productivity and persistence if other
stresses occur concurrently (Lodee 1991),

The degree of plant stress

Grazing during drought (Brownlee 1973) or
under waterlogzing (Gramshaw ef al 1982) can
quickly lead 1o major declines in lucerne density,
Plants weakened by disease may also be less
tolerant of grazing pressures that compound plant
siress, However, grazing may also be used as a tool
o reduce and control insect populations or 1o stop
transpiration by plant tops during periods of water
deficit.

The weed burden

Grazing management can play a significant role
i regulating species  composition 0 pastures
{Lodge 1995). Rotational grazing can be used to
favour perennial components of the pasture {Wilson
1986), such as lucerne, and reduce compelition
from annual weeds,

A “graze by numbers” scheme

This paper has outlined wvarious systems of
lucerne grazing management. The most successiul
and productive system involves rofational grazing
where steck are introeduced into a lucerne paddock
at 10% flower to tull flower, allowed to graze o a
stubble height of 3 cm; then removed from the
paddock for at least 35 days. However, implement-
ing such a strict system can be difficult, costly, and
limit the use of lucerne in areas where il is mosl
needed (ie. wheat-sheep belt). In contrast, a "leni-
ent" system of management invoelving set stocking
at low stocking rates is cheap and easy. Although
animal productivity will not be optimised, in some
situations, lucerne density may still be maintained
for the duration of the paswure. In other siwatons,
strict rotational grazing is needed for lucerne
survival. Key "numbers” can be used o decide a
practical balance between the use of "strict” or "le-
nient” grazing management (Figure 5). As shown in
Figure 5. if long-term pastures are necded, and/or
when root energy reserves are low, andfor during
periods of plant stress, for example, the balance tips
in favour of strict rotational grazing to maintain
lucerne density. In contrast, when only shor-term
pastures are required, and/or roor reserves are high,
and/or plants are generally unstressed, o more len-
ient system of grazing may be more practical.
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Figure 5. Factors affeching the balance between  strict
rotatiens or lenient set stocking as choices for a practical
ETEZing system o maintain lucerne density.

'

Lenient management

(% Law gnergy reserves in roots can be produced by rest
intervals less than 35 days, grazing prior to [0% flowenng,
and/or low grazing heights).

Ultimately, a successful grazing system should
balance the goals of the farming enterprise with the
charactenistics of the pasture, individual plants, the
tvpe of lucerne variety, the animal production
system and the environment. This requires more
than just knowledge, It also requires understanding
and monitoring of the grazing system and its effects
to see if targets are being me. A flexible approach
1o grazing manasement may be required to "weigh-
up” the options after any change in key "numbers”.
For example, if a lenient management system is
adopted and root energy reserves become depleted
or plants become stressed by drought, a change to a
strict management system may be required for stand
survival. Alternatively, if cattle replace sheep on an
established stand of semi-dormant lucerne, chang-
ing to a lenient system of management will save on
management costs withoult major reductions in
stand longevity, Such decisions can be based on the
balance between the key "numbers” presented in
Figure 5, In this way, lucerne grazing management
will become no longer an "ant”, but a “numbers
game" based on skill and science.
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