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Abstract

Swards of ‘Grasslands' Nui ryegrass, Roa tall fescue and Maru phalaris were
grared according to feed budgets to consume the edtimated annua requirement of 15,
20 and 25 breeding ewes ha-r. The effects of these 9 grazing systems on seasonal
changes of, and interrelationships between standing herbage mass (V), achieved
herbage consumption(C) and net herbage accumulation rate(G) are examined. The
relationship of G to V varied between seasons, but for a full \)/ear Gdecreased by 3 kg
DM ha-r day-r for each 1000 kg DM ha-r pcrease of V. Estimated consumption
requirements were exceeded a 15 ewes ha-!, wereabout adequatest 20ewes har, but
were deficient a 25 ewes har. At 25 ewes har ryegrass provided 28% more consumed
herbage than (Phalaris Indications are that at_stocking rates at which G is near
maximum and differences between grass species important, intake, and hence per
animal performance, may be restricted.

INTRODUCTION

The effect of botanicd compodtion on animd production from grazed
pasture has been regppraised recently. 4 symposum hedd by the British
Grasdand Society (1978) found that, for Britain, gpat from legume content,
there was incondusve evidence for gains of animd production from varying
grass species or cultivar of dmilar perdgence in a particular climate and soil.
The B.G.S. symposum highlighted the lack of information on how species
and cultivar composition of pasture affects animal production from
sf-contained  systems.

This finding is equaly true for New Zedand. There are many reports on
herbage dry mater production from species and cultivars, and on anima
production from species and cultivar comparisons. However, these
evaluations mostly fall short of comprehensive evaluations through the
grazing animal because they were carried out for only pat ofthe year, and/ or
used ad libitum or put and take adjustments. These practices by-pass the
criticdl effect of variations of standing herbage mass on both plant and animd
production in sdf-contained sysems. This criticism is paticularly rdevant as
grazing in New Zedand is year round.

Evaluations of alternative managements, species or cultivars through
sdf-contained grazing sysems meesuring the output of anima product are
codly and time consuming. These demands are incressed if the need to
account for interactions between docking rate and management is accepted
(Wheder 1962) and the invedtigator is interested in obtaning messurements
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to explan management responses. It is not surprisng that evaudion of
management options mogly fal short of the ided, as is the expeiment
described. However, considerable progress could be made towards more
meaningful evauation of managements for fam sysems by applying the
condraint farmers have of meeting the day-to-day requirements of stock from
a fixed area throughout the year. The reasoning behind this is wel expressd
by Willoughby (1975).

An ecologicd modd describing predator (grazing anima) — prey (pasture)
interactions (Noy-Meir 1975) provides a theoreticd modd for the experiment
to be described. In the model both herbage consumption (C), and
consequently production of the grazing animal, and net herbage
accumuletion rate of pasture (G) a a given time are determined by the leve of
ganding herbage masyV) presant in a sdf-contained system. The rdationship
between C and V is asymptotic, C declining a an increesing rate bdow a
citicd levd of V (Hodgson 1977). Cutting experiments have generdly shown
that G is increased by an incresse in the interval between defolistion suggesting
a maked rdationship between G and V (Harris, 1978). This provides a
theoretical basis for the advantage of rotational over continuous
management, but grazing studies have not conclusively indicated this
advantage. However, it has been shown that a very high docking rates
pasture production is reduced (Campbdl 1969; McFeely eral., 1977) but the
reduction is less with rotetiond grazing (Campbdl 1969).

4 cutting technique, smulating the remova of herbage by continuous and
rotationd management at different stocking rates, has shown the form of the
relationship between G and V (Haris 1978). Furtherdata ofthisform(Fig. 1)
ae from an expeiment on ryegrasswhite dover pasture Smulating different
cases of dock and mean parturition dates over a range of stocking retes,
Edimates were obtaned as follows

G=(C+V2 -VD/nad
Vm = (VI + V2)/2 where
C is herbage removed to meet stock requirements or conserved
V1 is dganding herbage mass a start of period
V2 is ganding herbage mass a end of period
n is number of days in period

Rotationd management was applied in this experiment, 0 Vm for each
system incorporates a range of regrowth stages. It is shown that the
relationship varies condderably with time of year (Fig. 1). Acknowledging
, that animd effects cannot be adequatdly smulated by cutting, the technique
was goplied usng breeding ewes as the ‘defoliators.

EXPERIMENTAL

The experiment compared the ability of swards based on ‘Grasdands Nui’
perennial ryegrass (Lolium perenne L.), ‘Grasslands Roa tall fescue
(Festuca arundinacea Schreb) or ‘Grasdand Mau phdais (Phalaris
aquatica L.), esch sown with clover, to provide annua consumed herbage dry
matter (DM) vyidds of 14,000, 11,000 or 8400 kg/ ha The yidds ae the
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FiG. I: Relationship at two periods between net herbage accumulation rate(G)and standing’
herbage mass (V) of 20 systems simulated by cutting 7o meet herbage requirements of ewes
and cows with 2 parturition dates and 5 stocking rates.

SE Sheep early lambing. SL Sheep

CE Cow early calving.

late lambing

CL Cow late calving.

estimated requirements of 25,20 and 15 ewe equivalents(ee) ha-lyr-! assuming -
a 560 kg DM requirement per annum of a 55 kg breeding ewe. Usng edimaes .,
provided by Jagusch and Coop (1971), a feed budget, which incorporated .
seasond

changes of the herbage DM

requirements of breeding ewes and

enagy content of herbage, was drawn up for each docking rate. Annud
budgets started late December, with deficits or surpluses of consumed herbage:
being written off a this time.
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The swards were sown in April 1976 and production evaluated for 3 years
by cuts of herbage within exclosure cages after grazing by mobs of wethers. In
April 1979 siocking rates were improsed by groups of 6,8 and 10 ewes brought
on to the experiment after tupping. Each of these groups of ewes and their
lanbs ae «Af contaned within 04 ha of measured paddocks and holding
areas.

The 9 docking rate X grass species systems each consst of 4 replicae
paddocks of 20 x 10 m. The replicate paddocks of each system are grazed in
rotation. Paddocks are sampled by cutting a transect 195 m long, the width of
a shearing handpiece, to ground levedl before and after grezing. This provides
estimates of herbage on offer, residual herbage after grazing, and by
difference, herbage consumed. The quantity of herbage consumed js added to
the feed budget and this determines the grazing date of the next paddock in the
system.

The objective of medting the feed requirement for each sysem sds the rate
of rotation and level of utilization. In Stuations of herbage deficit the rate of
rotation is set at a minimum of 3 weeks. During October to February
paddocks with regrowth of more than 6 weeks are grazed by wethers and the
herbage consumed recorded as surplus which can be bdanced againgt deficits
recorded a other times of the year. Ewes are grazed on the holding areas when
the feed budget precludes grazing on the messured paddocks.

Every 3 months V is messured by ground level transect cuts for dl 36
messured paddocks. This dlows condruction of seasond bdances of C,
average danding herbage mass (Vm), and G. Significance of sysem effects on
C, G and Vm are tested by andyss of variance. Based on the Noy-Meir(1975)
modd, C and G ae plotted in reation to target ewe herbage reguirements,
and by usng the highest order sgnificant polynomid fitting, regressed against
Vm (Figs 1, 2). Sessond changes for the year dating December 1979 ae
consdered in this paper.

RESULTS

SUMMER (4 December 1979 to 2 March 1980)

Vm a 15ee was dgnificantly higher than for the higher stocking rates, but
smilar for the three grasses (Fig. 2). Averaged over dl systems G was 29.7 kg
DM ha'day-1 and was sgnificantly higher & 25 and 20 ee than & 15 ee The
regression of G on Vm was sSgnificant, linear and negative, indicating a 4.8 kg
DM ha-lday-! reduction of G with each increase of 1000 kg DM ha-! Vm (Fg.
2).

With conservation grazings C was in excess of ewe requirement for al
systems except phaaris a 25 ee. Consumption of phaaris was sgnificantly
less than of ryegrass. Averaged over dl sysems V declined from 2140 to 1550
kg DM ha~! during summer. This decline was paticulaly large for the low
stocked ryegrass and fescue systems (Fig. 2). As G a the different stocking
rates was dmilar to current ewe requirements, consumption in excess of
requirement was possible by utilization of herbage accumulated in the spring
period.
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AUTUMN (3 March to 2 June, 1980)

Vm a 25 ee was dgnificantly less than a 15 ee and was sgnificantly lower
for fescue than for phdaris (Fig. 2). G was not dgnificantly corrdated with
Vm and averaged 242 kg DM ha-'day-! (Fig. 2). G for ryegrass and phdaris
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was dgnificantly higher than G for fescue. Fescue a 15 ee had particularly low
G reallting in a dgnificant stocking rate X species interaction (Fig. 2).

C to requirement level was obtained for al stocking rates and species (Fig.
2). During austumn V averaged over dl systemes increased from 1550 to 1770
kg DM har and by the dart of winter V ranged from 780 kg DM har for
fescue a 25 ee to 2870 kg DM har for ryegrass a 15 ee

WINTER (3 June to 31 Augus, 1980)

Vm decreased as docking rate increesed, and fescue had Sgnificantly lower
Vm than ryegrass and phaaris The interaction between socking rate and
species was dgnificant and very low and high Vm of the 25 ee fescue and 15 ee
ryegrass sysems respectively are indicated. G averaged 187 kg DM ha-!day-!
and was not dgnificantly different between systems. A significant curvilinear
regresson indicates that G was reduced a low and high leves of Vm (Fg. 2).

Although C increesed with gocking rae, C fel beow the requirement level
a the highest stocking rate, paticularly for fescue (Fig. 2). 4s G exceeded Ca
the low stocking rates the low stocking rate systems increased V' during winter
whereas the higher stocking rates utilized autumn accumulated herbage to
meet requirement. Averaged over dl sysems the change of Vm from the dat
to end of winter was small.

SPRING (1 September to | December, 1980)

Stocking rate means for Vm decressed from 2460 kg DM har to 1390 a 25
ee, but these differences were not sSgnificant. The grass species had smilar
levels of Vm. G was dmilar for the 3 stocking rates, but G for ryegrass and
fescue of 54 kg DM ha-!day-! was higher than G for phadaris of40 kg DM ha’
day-r. G showed a significant curvilinear relationship to Vm, but the
amplitude of the response curve was smdl, varying from a minimum of 47 to a
maximum of 52 kg DM ha‘day-1 (Fig. 2).

Smilar levels of C were obtaned for the three stocking rates. By using
wethers to consume surplus herbage C exceeded requirements a 15 ee At 20
ee and particularly 25 ee C fell well below requirement. Phalaris had
sgnificantly lower C than ryegrass Although C averaged over dl systems fell
bedow the requirement leve, V, averaged for dl systems incressed from
1740 to 2070 kg DM during spring (Fig. 2).

ANNUAL

Averaged over dl sysems Vm did not change dgnificantly between seesons.
Averaged over dl seesons Vm decdlined  Sgnificantly  with increesing  stocking
rae, and Vm for ryegrass was sgnificantly higher then that for fescue and
phdais. A dgnificant socking rae X gpecies interaction arose largey from
the very high and low levels of annud Vm of the 15 ee ryegrass and 25 ee fescue
systems respectively (Fig. 2).
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G changed significantly between seasons decreasing in the order
sring > summer > autumn > winter, Averaged over all seasons G
increased significantly as stocking rate increased. G for ryegrass was
sgnificantly higher than that for fescue and phdais A dgnificant negative
linear regression indicated a 3 kg DM ha-!day-! reduction of annud G with
esch 1000 kg DM ha-! increase of Vm (Fg. 2).

Seasond C levels decreased in the the order spring > summer > autumn
7 winter. Annua C for 25ee, dthough below the requirement leved for25 ee
was dgnificantly higher than C leves for 20 and 15 ee Genedly, anud C
levels for the 9 systems were close to the annua requirement level of 20 ee
indicating that this was about the sudtainable stocking rate for the Ste in the
year of the study (Fig. 2).

DISCUSSION

Pasture management to increase animal production has two broad
objectives, to increese the quantity of digedtible herbage avaldble to the
grazing animal, and to maximise the utilization of the available herbage
without reducing animd peformance bdow commercidly required levds.
The first objective involves maximising G, the second involves maximising C,
but both C, and G in the varidble ways shown in Figs 1 and 2, are dependent on
V and both influence the levd of V.

The clearer definition of the G, V rdationship from the cutting experiment
(Fg. 1) compared to the grazing experiment (Fg. 2) is obvious and has severd
posshle explanations. One pedure associaion was used for the cutting
expaiment whereas the grazing expeaiment involved 3 different grass based
associations eech with distinctive levels of G irrespective of the level of V.
Also, G, V rdaionships for cutting were estimated over a shorter period (Fig.
1) than for grazing (Fig. 2). The cutting experiments have shown that the
relaionship can change makedy in a few wesks s0 a sesson many include
phasss of both postive and negaive responses to V' which effectivdly cance
eech other out depending on the range of V of the systems being compared.
Further, differences between herbage removal by cutting and grazing
probably act to modify the positive and negative aspects of the G, V
relationship, grazing intake redriction probably limiting the reduction of V to
levds whae G is makedly reduced, while avoidance of dead matter by
grazing animas a high levds of V leaves more maerid readily logt through
decompostion.

Reduction of annud G as V (Fig. 2) increases appears to be contradictory to
the results of most cutting and mob stock grazing experiments where
harvested yield is increased by reduced defoligtion frequency and intensty
(Harris 1978). High levels of utilization are usually obtained in such
experiments without having to account for the suitability of the herbage for
animd production or whether it could be consumed a a given docking rate
Once consumed, herbage is no longer available for loss through
decomposition. Therefore, as cutting and mob stocking methods of
determining herbage production optimize utilization, and minimise
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decomposition which is the negaive component of (G, such determinations of
herbage production are generdly in excess of wha can be achieved in self-
contained grazing sysems Consequently, edtimates of potentid carrying
cgpacities which have been made from cutting and mob grazing evaudions
(eg. Brougham 1977) ae probably optimistic.

The levels of G obtained for the 15 and 20 ee dtocking rates indicate these
stocking rates fal into what Noy-Meir (1975) describes as an under-grazed
deady state (Fig. 2). In this state, reduction of V by C incresses G, wheress
increese of V reduces G because of increased decomposition. It is therefore a
buffered dtate, probably characteristic of most New Zedand pastoral systems.
Within the range of gtocking rates from 15 to 20 ee, productive output was
increesed dmply by increesng gocking rate.

However, increedng the docking rae dove 20 es while continuing to
increese G, resulted in a change to a date where the herbage grown was below
budgeted, per animal requirement. In this state per unit area animal
production could continue to increese but per anima production would
decline with further increase of dtocking rate. Further, the data suggests that
per animd peformance would be reduced bdow a commercidly acceptable
level before consumption reduced V to the low biomass steady state (Noy-
Mdr 1975) which is limiting to herbage growth per se with consequent
reduction of unit area anima production. Trandtory occurrence of this date
was indicated for the 25 ee fescue system in winter (Fig. 2).

Obsarved annud consumption per ewe was wel beow that indicated by
Jagusch and Coop (1971), this difference occurring mainly in spring when the
average budgeted levd was 282 kg DM per ewe (and lamb)-‘day-r. The full
effect of this intake deficit was masked by the technique used, wethers
reducing the shortfal of herbage consumed a the low docking rates, and
grazing pressure by the ewes on the messured aress was intendfied during
sring usng the holding area as a buffer. Intake averaged over dl systems for
sring was 170 kg DM ewe-lha-lday-!, close to intake messured by Clark
(1979) who, using Romney ewes from the same flock as those used in this
experiment, obtained an average daly inteke of | 77 on ryegrass white clover
pesture. Differences between the grasses in intake were dgnificant, incressing
in the order phaais (151) < fescue (1.74) ryegrass (1.86 kg DM ewe-day-r,
LSD 5% 0.15).

The measured intekes suggest tha the seasond change of ewe requirement
from maintenance to lactation is less than indicated by Jagusch and Coop
(1971). This limits the opportunity to consume current spring growth to
prevent the accumulation of low quality standing herbage mass during spring
which then sands into summer.

Averaged over dl systems daly dlowance during soring was 341 kg DM
ewe-‘day-1 of which 5 1% was utilized. Over the range of dlowance from 2.04
to 527 kg DM ewer day there was a dgnificant (p > .001) linear reaionship
of ewe intake kg DM day-! = 0.81 + 0.26 kg DM on offer ewe-‘day-r.
Disregarding the asymptotic nature of intake/dlowance relationships, linear
extrgpolation indicated an dlowance of 7.7 kg DM ewe-'day-! to provide the
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budgeted required intake of 282 kg DM ewe‘day-1 & which levd utilization
would be 24%. Such an dlowance levd could not be sustained at the high
gdocking rate, and & low socking rate the large resdue of herbage left after
grazing would lead to considerable herbage wastage and loss by
decomposition. Although combined consumption of ewes and wethers
exceeded the annud requirement of the ewes (Fig. 2), & 15 ee stocking rate the
conserved herbage Was not required to meet C deficits a any time of the year
as current G was dways aove C a this gstocking rate.

The contribution made by the grass species to the production of the 9
sysems wes clearly dominated to responses to socking rate, and in this
respect conforms to the cdasicd docking rate X management interaction
illusrated by the comparison of management systems for dairy catle made
by McMeskan and Wadshe (1963). All grass species were able to meet annua
C requirements a 15 ee, phdaris was below the requirement leve a 20 ee
and a 25 ee differences between G of the grasses had large effects on the
quantity of herbage consumed (Fig. 2). At 25 ee a& which docking rate
herbage production is indicated to be near maximum for the dte, annud
consumption of ryegrass was 289; higher than that obtaned from phdaris
Although these results are specific to the ste and year, the wider indications
are that as stocking rate on New Zealand pastures increases further,
management of the grass composdtion of pasture will become much more
important.
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