PERENNIAL PASTURE MANAGEMENT:

How plant physiology can help us achieve better grazing
management.

Richard Simpson, Stephen Clark, Doug Alcockz, Mike Freer,
John Donnelly and Andrew Moore

CSIRO Division of Plant Industry, Canberra, ACT, 260]

FProe, Eleventh Ann. Conf. Grassld. Soc. NSW, 1996, pp. 57-64

2pastoral (md' Veterinary Institute, Agriculture Victoria, Hamilton Vie., 3300, (presently at CSIRO)

N.SWAgrmufmre Dubbo District Office, Dubho, 2830, (presently ar CEIRO)

Summary: Plant physiologists have develeped a broad understanding of how plants function and
how they contribute to yield in paswres. Historically, that knowledge has been crucial to a number
of the many significant advances in the agronomic management of pastures in Australia, However,
plant physiclogy has been slow to contribute to hetter grazing management. This has not been for
want of rying, but has been due to insufficient consideration of all facets of the grazing system,
The size and complexity of this task is daunting and 1t has defeated real progress for many vears,
Madern technology, in the form of the computer-based decision support system, 15 now allowing
the science of pasture plamt physiology, animal behavicur and animal physiclogy to be mtegrated
in the analysis of grazing systems. These tools offer novel and objective support for the complex
decisions that graziers make when managing the grazing of pastures for profit and sustainable pro-

duction.

Understanding the physiology of pasture
growth -an historical perspective

What is plant physiology?

Plant physiology 15 the study of how plants func-
tion, This includes research into how plants capture
the energy in sunlight and use it to manufacture sug-
ars (photosynthesis), how plants take up water and
nutrients from soil, and what drives plant growth.
Plant physiological knowledge is usually put into
practice by agronomists who deal with the physiol-
ogy of plants grown as crops or pastures.

Plant physiologists and agronomists have long
been interested in using knowledge of the science of
pasture growth lo betler manage pastures. There
have been some notable successes. For example:

e correction of micronutrient deficiencies in Aus-
tralian soils;

e the “sub and super” hoom of the 194('s;

o analysis of flowering responses in plants leading
1o selection of pasture cultivars

* removal of the threat of phyto-oestrogens in
subterrancan clover by development of cultivars
such as Trikkala and Leura, to replace the oes-
trogenic cultivars, Yarloop and Tallarcok.

Although there has also been a long history of
research into the physiclogical basis of grazing
management, it is fair to say that until recently, the
research has not had a major impact on the way that
farmers manage the grazing of most pastures. Of
course, there are exceptions: e.g. the essential need
for rotational grazing of lucemne is well [ounded in
an understanding of how lucerne must restore car-
bohydrate and protein reserves in §ts roots and
crown after each grazing,

However, knpwledge gained over many vears of
research is now proving valuable in formulating
management tools for the future, We shall briefly
outline some of the theory underlying pasture
growth and utilisation, and how ideas have changed
{improved 7) through time. For simplicity, we will
only consider pastures grazed by sheep under vari-
ations of a set-stocked regime. Finally, we will dis-
cuss the physiological basis and use of GrassGro, a
new decision support package for the orazing indus-
tries.

Use of sunlight by pastures

Plants intercept sunlight with their leaves and
use the energy they capture to manufacture sugars
from carbon dioxide in the air. The sugars are used
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prmarily to drive plant growth, but are also stored
in plant cells. The dilemma for a grazer 15 that one
harvestable pant of a pasture (leaf) is also the work-
ing part which generates new growth and pasture
yield, A balance must be found between the amount
harvested, or the frequency with which leaves are
grazed, and the need to have leaves continually cap-
turing sunlight to drive new growth,

The relationship between the leafiness of a pas-
ture and its rate of growth is shown in Figure 1.
Generally, as a pasture becomes more lealy it inter-
cepls more sunlight and the growth rate of the pas-
twre (kg DM/hatday) increases. However, a point is
reached when the pasture is sufficiently leafy 1o
capture all Hight falling on it, At this point (known
as the crirical leaf area index), the pasture has the
potential o grow at ils maximum rate (e.g. review
by Simpson and Culvenor 1987).

Following the early research that established this
relationship, it seemed that pastures managed o
maintain the erntical amount of leafiness would
grow ai their maximum rate. Thus, if pastures were
stocked al a grazing pressure which ensured that
herbage was consumed at a rate equal to the maxi-
mum pasture growth rate then, in theory, animal
production would also be maximised. However, two
things make this an impossible management goal:

(1) pastures maintained near the criucal leafiness
hegin to shade themselves and lower (shaded)
leaves die al rates which increase with n-
creased shading (Figure, 17

{2) livestock eat preferentially the most digestible
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Figure 1. Generalised relation between the leafiness of a
pasture (represented here by the amount of pasiure on offer)
and its rate of growth. Maximum growth rate is achieved
whien the pasture is sufficiently leafy to intercept-all sunlight
falling on it. This 15 said to oecur-m the “critical” leal area
index (critical leafiness). Note also that the rate at which
leaves die in the pasture increases as the leafiness and, con-
sequently, the internal shading increase,

{voungest) leaves in the pasiure. leaving the
oldest and least photosynihetically-competemt
leaves.

The combination of these effects quickly results
in tall rank pasture. The management of stocking
pressure 10 match  pasture intake with  pasture
growth rate is also difficult because of shifting sea-
sonal growth patterns. However, as we will discuss
shortly, such a scheme is presently used in Britain.

Pasture intake by grazing livestock

The undoing of these earliest sllempls 10 estab-
lish a physiological basis for grazing management
af pastures was that plant physiologists concen-
trated on maximising plant growth and ignored the
needs of the grazing animal. It is also important to
remember that the feed requirements of animals dif-
fer depending on their age (e.g. weaners versus ma-
tuee), physiological condition (lactating versus dry)

and the production aims of the grazing enterprise,

For instance, for wool production from wethers it is
important 1o maximise pasture intake per heéctare,
whereas for meat production, maximising intake per
animal is much closer to the mm.

In the UK collaborating plant and animal physi-
ologists have taken a different tack in understanding
how to maximise pasture production (Parsons et al,
1983a; Parsons er al. 1983h). They established the
relatien between the amount of pasture consumed
by sheep and the leafiness of the pasture (Figure 2),
Maximum pasture intake by ewes with sucker
lambs grazing perennial ryegrass swards occurred
when the pasture was grazed to maintain the sward
at a height of between 4-6 cm (typically this would
be a pasture with about 1500 kg DM/a). Pastures
maintained al greater heights were undergrazed and
much of the herbage was wasted as leaves died be-
fore they could be grazed. Pasture intake was lower
on very short pastures because sheep found it physi-
cally impossible to eat enough grass, On very short
pasture sheep spent more of the day foraging for
grass and increased their “bite rate” (number of
bites/day) to overcome the difficolty of obtaining
feed from shont pasture. However, the amount of
pasture that could be taken in each bite was still in-
adequate.

The striking feature of these experiments was
that pasture intake by sheep (and consequently ani-
mal production per animal, or per hectare) was
highest when they grazed pasture that was not
prowing at its fastest rate (Figure 2). The availabil-
ity of herbage in swards grazed to maintain a height
af 4-6 cm was such that grass consumption by sheep
was not physically restricted. The grazing pressure
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Figure 2, Generalised relation between the leafiness of a
pasture, its rate of growth per hectare and the intake per hee-
tare by sheep under continuous graring. The relationship ap-
plies o pastures where the grazing préssure has been
managed to0 maintain stable Jevels of pasture availability,
Maximum intake by sheep occurs-at a level of pasture avail-
ability below that necessary for maximum pasture growth
rate 1o be achieved. Note the hawched area which indicates
the amount of pasture lost to death and decay at each level of
pasture availability.

and reduced internal shading of leaves ensured that
pasture remained leafy with low proportions of
stem, and with minimal pasture going to waste as
senescing leaves,

Putting theory into practice

In Britain there are a number of recommended
grazing systems in which sheep grazing is managed
to accommaodate the relation between grass intake
and leafiness of pasture. One of these is shown in
Figure 3. The aim is to maintain sward height as
close as possible to 4-6 em by spreading sheep over
the whole farm and feeding supplements when pas-

ture growth rates are low: or by concentrating sheep
on a part of the farm and closing other areas for pro-
duction of hay or silage when pasture growth rates
are high {Anon.).

Do these management ideas apply to
pastures in Ausitralia?

Fastures In Britain differ from dryland pastures
in Australia in a number of ways. The pastures for
which the guidelines were devised are dense swards
of perennial ryegrass, heavily fertilised with nitro-
gen, usually well-watered and are grown in a rela-
tively predictable environment, Nevertheless, the
general principles do apply (o pastures in southern
Australia. For instance at the extremes. sheep on
very shorl pastures cannot maintain adequate feed
intakes, and pasture i obviously wasted in under-
stocked pastures. Pasture “hench marks”™ to guide
livestock feeding are published by NSW Agricul-
ture 1o address these 1ssues,

The British grazing management guideline is,
however: 100 simplistic for farming in our environ-
ment. In Australia, an analysis of grazing manage-
ment strategies cannol be made without accounting
for;

(1) seasonal extremes in pasture growth rates,

{2) shifts in the botanical composition of pastures,
and

{3) the olten wide year-to-year variations in rainfall
patterns and amounts,

These features of our farming environment re-
sult in high levels of environmental risk, and conse-
gquently financial risk, which must also be managed
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Figure 3. A management schedule for lowland: sheep production in Britain as published by the Institute for Grasshand and
Ammal Production at Hurley {via Maidenhead) (see Anon.). The scheme is based on management of sward height (leafiness)
by varying grazing pressure through the year, The schieme was intended for fat lamb production.
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as part of any grazing enterprise; In addition, in
Australian Farming systems, the cost of supplement-
ing animals (for instance, © maintain an optimm
pasture height) will often exceed the financial réturn
from the “extra” pasture growth, and for some graz-
ing enterprises {e.g. wool), it can be more efficient
to “conserve” feed by allowing animals to store fat
when feed is abundant and for the sheep to use the
fat reserves as a source of energy when feed is
scarce.

Recognition that analysis of the whole
grazing system was required

Decision support systems for graziers

Some years ago it became obvious that knowl-
edge of pasture physiology and agronomy alone
was inadequate 10 manage 4 grazing system for
profit. Complex interactions of weather, pasture
growth and animal requirements must be considered
and counter-balanced to allow the best management
options to emerge. During the 1960's and "70's
computer models of the many aspects of the biclegy
in grazing systems were developed by scientists w
explore the interactions between livestock produc-
tion and pasture management, However, there was
still a large conceptual leap to be made before com-
puter models would add value to the information
that advisers could give individual graziers.

Important and essential developments that have
allowed the “conceptual leap™ to occur are recent
advances in computing technology and program-
ming power. Today at CSIRG, we are developing
computer-based decision support packages as part
of pur AUSFARM project. The packages allow de-
tails of vour farm environment, soil types, manage-
ment preferences, pasture types and animals 1o be
entered into the computer as the basis of simulations
of any allernative management option thal you may
wish to explore and analyse. The power of the com-
puter-based package is that many options can be
tested in a relatively short period of time as an aid to
decision making in your farm business,

Decision support packages already developed
under the AUSFARM project include: MetAccess, a
weather analysis package (Donnelly e al. 1996);
and GrazFeed, a package for management of live-
stock feeding at pasture (Freer et al. 1996). Both
packages are available ccrmrnercia]]}r' and are
widely used. GrazFeed is also used in the PRO-
GRAZE program of NSW Agriculture which is now
entering its second phase and will be used across all
southern states of Australia,
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GrassGro - a decision support system for analy-
siv of grazing enterprises

GrassGro 1% a new decision support system de-
signed (o analyse production options in the grazed
pasture systems of southern Australia (see concept
paper by Moore er al. 1991). GrassGro draws to-
gether the findings from years of research into pas-
ture physiology and agronomy and combines them
with knowledge of animal nutrition and production
to simulate pasture growth and production from a
mab of sheep or cattle grazing one or more pad-
docks under a specified management schedule (Fig-
ure 4.

To use GrassGro, the first input into the decision
support system is a daily weather file for your farm
or district. We now have the whole daily weather
data base of the Australian Bureau of Meteorology
stored on a single compact disk which simplifies
this task. Sunlight, rainfall and temperature infor-
mation are used o “grow” the pasture species that
vou select as representative of the species found in
yvour pasture. Physiological information for each
pasture species or cultivar is represented in the logic
of the computer model in a way that is analogous (o
4 “library card”. The “card” describes how the pas-
ture plant responds toenvironmental variables such
as sunlight, temperature, moisture stress, efc., and
how it s stimulated to flower, set seed or become
dormant erc. The hotanical composition of the simu-
lated pasture changes as the pasture species compete
for light and water on the seil type that you have
specified for the paddock.

Livestock are also represented in the model by
“library cards” which describe the characteristics
that control the nutrition and production of each ani-
mal species and breed. These characteristics are
identical to the breed descriptions used in the
GruzFeed decision support system for animal feed-
ing. However, in GrassGro the livestock graze the
simulated pasture under management rules that you
have specified. Animals select the most digestible
herbage first and try to eat enough each day to sat-
isfy their appetite. If pasture is very short or of low
guality, livestock may not be able to eat enough o
survive and supplements are then fed under rules
that you have nominated. Animal products (e.g.
meat, wool ete) are grown and are harvested as yvou
specify. Annual gross margins for the grazing sys-
tem are then calculated.

Footnote 1: MetAccess, GrazFeed and LambAlive were de-
veloped by CSIRO, bt are marketed by Horzon Technol-
ogy Pty Lid, PO Box 598, Roseville, NSW, 2609,
CirassCiro 15 in the final stages of development at CSIRO.
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Figure 4. Schematic representation of the companent medels in the GrassGro decision support system for grazed pastures.

Analysing the risks and rewards of alternative
grazing management options

An important feature of GrassGro is that pasture
growth 1s responsive to daily weather information.
The “pattern”™ of weather has a significant impact on
how well pasture grows and “good” and “bad” pas-
ture-years are simulated as they occur in real life. A
20 year simulation of pasture growth on your farm
(using historical weather information), therefore, re-
flects all of the optimism and heartbreak that you
have experienced. The vear to vear fluctuations in
weather and consequently production are revealed
(Figure 5) and vou can begin (o analyse the “risks”
associated with aliernative pasture management op-
tions,

Analysis of “risk”

We use the year-to-vear variability in gross mar-
ging as one way of measuring the risk involved in
alternative management strategies. The variability
of the gross margin is represented by its standard
deviation {a statistical parameter) measured over all
years in the simuolation period. Larger standard de-
viations indicate wider variation in gross margin
and greater financial risk. This 15 often associated
largely with the weather recetved at each location
but is also a product of the management rules {e.g.
stocking rate, erc.) that are being tested,

An example of this sort of analysis is shown in
Figure 6. Similar crossbred ewellamb grazing enter-
prises at Hamilton, Victoria and Cootamundra,
NSW, are compared at varicus stocking rates. In
this analysis, the enterprises differ only in the sitc
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Figure 5. Rainfall, and simulations of green pasture avail-
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weather paterns (historical data from cach site are
used; 1964 to 1992) and the pasture is presumed o
be perennial ryegrass-subterranean clover at Hamil-
ton and phalaris-subterrancan clover at Coctamun-
dra, The main bases for the gross margin caleulation
are outlined in the figure legend.

In this example, it appears that the ewellamb en-
terprise at Cootamundra returns considerably less
per hectare and entails more linancial sk, For ex-
ample, standard deviation cxpressed as a percentage
of the gross margin is always much higher at Coota-
muntra than at Hamilton, The main reasons lor this
are that the annual rainfall at Cootamundra is lower
and, importantly, it is less reliably distributed
through the year than at Hamilton,

The two sites are obviously not capable of sus-
taining similar stocking rates and the gross margin
declines and the financial rnisk “blows out™ (Le. the
paint after which the standard deviation increases
faster than the gross margin} at a lower stocking rate
at Cootamundra. The analysis predicts that a reason-
able stocking rate at Hamilton is probably about 12
ewes/ha and at Cootamundra, about 6 ewes/ha.

The analysis of many pasture management op-
tiens will be more complex than the example above.
For instance, in a second example we examine pro-
duction from a eweflamb system based on either
perennial pasture or annual pasture grown at Hamil-
ton, Victoria (Table 1), In this situation the decision
about which management option is the better is not
clear cut and in the final analysis will also depend
very much on the financial circumstance of the
farm. In the example, GrassGro predicts that it is
probably reasonable to operate at stocking rates up
10 12 ewes/ha on both pasture types. If we accepl
that & stocking rate of 12 ewes/ha is reasonable, the
perenmal pasture returns a further $34/ha in gross
margin. This is due on average. o a longer period of
spring growth from the perennial pasture and heav-
ier lambs for sale, Interestingly, the amount of sup-
plements nesded for feeding at around lambing is
similar for both pasture types. However, the extra
gross margin carries with it greater income variabil-
ity. Figure 7 shows that the perennial pasture returns
an equivalent or better gross margin than the annual
pasture in most years, but there is predicted to be
significantly poorer returns in two years that were
severcly drought-affected

Conclusions

Until relatively recently, the understanding of
hew plants function in grazed pastures has not con-
tributed enormously to betier grazing management,
This has not been for want of trying, but was due o
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Table 1. Predicted gross margins per hectare and their varahilities (risk) for a crossbred ewe-lamb enterprise based on annual
grass-sublerrancan clover pasture.or perennial ryegrass-subterrangan clover pasture grown @1 Hamilion, Yicloma,

Pasture type moderately-fertilised,

annual grass and sub clover pasture

mederately-ferilised.,
perennial ryegrass and sub clover pasture. |

Slocking rate (ewestha) 7 10 12

Average liveweight of

lambs when sold (kghdy 359 4.2 318
Average wool cut
per ewe (khd) 38 &7 37
INCOME {%/ha)
Animal sales; CFA 17.43 2362 2812
tambs 167.68 231.08 274.54
MNet wool sales 76,81 100,29 131.35
Total 26192 3164.29 434,01
EXPENSES (3/ha)
Replacement siock 5908 2440 101.28
REeplacement rams 16.33 2333 28.(H)
Shearing costs 18T 41 .00 49,20
Other hisshandry 11.20 | .06 19.20
Sale costs) CF.A, 2.5% 164 4.34
lambs 1606 22,50 26,85
Pasture maintenance 25,00 500 1500
Suppl ementary feed 3.35 12,31 21.78
Total 162.32 228.19 27565
GROSS MARGIN (3/ha) 9960 13610 15835
STANDARD DEVIATION
OF GROSS MARGIN 20 38 53

15 7 1 1z 15
32.0 425 413 8.4 355
3:6 4.3 42 4.1 ERY
3333 18.24 25,50 2945 34,26
32794 193.01 26583 305.18 356,93
16302 TH.A62 11238 134.56 16779
32429 8987 403,72 469,19 558,98
126.60 5008 L 101.28 126.60)
35.00 1633 2133 28,00 35.00
f1.50 28.70 41.01) 49.20 G1.50
24.00 1120 16.00 19.20 240060
53t 2.62 4 443 539
g 17.46 2442 28.54 3431
25.00 25.00 25.00 25.00 2500
4970 365 11.90 21.39 58.00
359.81 164,04 229:80 17704 36080
16445 125.83 17393 13214 18918
92 29 56 5 14

| Foomotes: Each value is the average of simulagons based on weather records for Hamilton from 1964 1o 1993 The main os-

der

first min: November 1995,

! SleE(U'DHS of the simulations and gross margin calculation are Animals were Border Leicesier & Meénno ewes maled 1o Bor-

sicester rams on 15 March each year; lambs were born 12 August, weaned 4 November and sold 29 December, Ewes |
orly were shom 30 December. Supplements were only fed to ewes if their fat score fell below 100 Animal bushandry costs |
were sel at S1.60Md!year and pasture maintenance costs were 325/ha‘yvear which included superphosphate app:lyiud at
Takghatyear (GrassGro fertility scalar set at 0.8), Woeol and lumb prices were current for the date these simulations were

inadequate attention being paid to all aspects of the
grazing system. Simply maximising pasture growth
does not lead to maximum production because it ig-
nores the needs of the grazing animal and the var-
ous production goals of a grazing enterprise. In
addition, the difTicull issue of risk management is
not accommaodated by any simplistic analysis of a
grazing sysiem.

Modemn technology, in the form of the com-
puler-based decision suppon system, now provides
us with the tools to concurrently assess many fea-
tures of grazing systems. GrassGro is such a deci-
sion support system. It draws on many aspects of
our current understanding of pasture plant physiol-
ogy, pasture agronemy and animal behaviour and
nutrition to simulate the grazing system,

A few simple examples of typical GrassGro out-
puts were outlined here. They are only exumples
and it is quite Likely that you may have questioned
some of the assumptions used in each analysis,
However, the real strength of GrassGro is that if

vou were analysing your own farming operations,
vou would medify the site specification and the
management assumplions 1o suil your enterprise and
your preferences. Your grazing enterprise could
then be explored in terms of its potential productiv-
ity, financial return and the riskiness of that return.
You can also examine how sensitive these are 1o
management assumptions,

It should be shvious, that any predictions from a
simulation should be accepted only after further
considerstion ol their validity and sunability for
vour husiness operation. However, the simulations
can provide unique and objective support for deci-
sions about grazing enterprise management and may
also assist planning for financial risk management
and Tor coping with the production risks associated
with the farm environments (e.g. drought).

We commenced this paper by claiming that it
has taken a long time for plant physiology to con-
tribute significantly (o0 good management of grazing
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systems, It is, therefore, ironic that we are now find-
ing that the largest impediment 1o our efforts 1o rap-
idly improve GrassGre and other AUSFARM
decision support systems is our rather poor and
fragmented basic knowledge of the soil, plant and
microfauna environments of ocur farming systems,
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