Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



A JCUDY OF
.7

THIE DEPUL ION FaDPLnN COF OHLEP

G T
o N
1A Y RN ™5 8 S5
G lING DASTURE

A Thesis, presented in partial fulfilment of the
requirements for the degree of

Ilaster of Asgricultural Science
at

Massey University

Peter Jamxes lcIvor
lfarch, 1971



ACKNO W LEDGEINTS

I wish to especially thank l'rofessor B. ii. Watkin, my
supervisor, for his helpful guidance and encouraging discussion
during this study.

I an grateful to others who have helpedjy Lixr 2. '« Battersby
for willing help in the f{ield recording, iir G. . Arnold for
statistical advice, ikr D. B. Ldmond for discussion and criticism
of the first draft of this thesis and 'r (.7.C. Leltch and the
photographic department who reproduced the figures.

Finally my thanks to Mrs .. Smith for her careful typing

of this thesis,



vection

Acknowledgienta,

Irntreoduction

Chapter I. wseview of lLitersture.
anirel Intewxe and celectivity
grazing ‘ebaviour
The Grazing -rocess
The tattern of Jelfoliution
Lo nelectivity
Je Trequeucy and intensity of

vefoliution of individual Units
Shapter Iie. :xperiment L.

ne Introduction
e Waterials
ve w~@thods
D tesults
ie  Diecussion

vhapter 1il., ixperiment Iii.
Le 1ntroduction
Be iaterials
Ce Lkethnods
De nesults
Le iscussion

Chapter IV, General Discussion.

sSummnary.

Yage

£ W

21
22

23
28

47

61
o2
62

78

87

97



Table of Contents (cont'd).

3ibliozraphy

[}

Lppendix

sAppendix II

Appendix 11X,



Table rage

vhapter I.
1.1, + comperieon of the severity of
deiolistion with stocking rate and
grazing pressure (modified after

jiodgson and Cllerenshaw, 1969). 17

Chapter Il. Lxperiment I.
II.17. Stocking iates 23
II.2. 'ean daily prowth rates (kgs/ha/day) 31
1I.3., 3otanical compositicn (% dry matter) 32

1I.4. .:iean heights (mm) and green leaf

lengths (U.iseie) Gf tillers (mm). 34
II1.5. Tillers counts (nunmbers/m<) 35
Iie0se Hdean weekly loas of tillers by

uprooting from 15 .pril to 12 &y

(numbers/m<) . 35
II.7. iiveweisht chunges of ewes (kis) 36
ile.83e Grazing times (hrs/day) 27

ITI.J. .easons for loss cf tiller records,

and losses in each categoery 38
il.10. PFreguency of defoliation {days

between defolistions) 3G
Il.11. ean green 1eaf lenyth and height

(cm) of grazed &nd ungrazed tillers

before grazing, 40
II.12. Subsequent defoliations of tillers
previously grazed or ungrazed 41

II.1%. HSeverity of defolieticn of individual
tillers as length of G.L.i. (am) and
as percentage of G...lL. removed (). 43
II.74 (a). Frequency of defoliation of
"old", "young" and "youngest" tillers
(days between defoliations). 4y
(v). Severity of defoliation of "old",
"voung" and “"youngest" tillers (i G.L.L.
rezoved per defoliation) 44



List of Tables (cont'd).

B e

I1.15., Variation in some animel end puasture
paraneters and their inter-relationships 53

II.176. lKean G.L.L. of "¢cld", "young" and "ycungest"
tillers (erm). 58

shapter 11l. zxperinent 11,

II1.%. ‘ean deily growsth rates (.gs/ha/day) o4
Iil.2. Botanical composition (% drv matter) 68
i1Il.3. ltean helghts (mm) and green leaf length
(Geloel.) of tillers (am). 68
1il.4. Tillers counts (number/m<) o9
1{I.%, Liveweignts chunges of wethers (irs) 70
III.6. “easons for loss cf tillers records, and
losses in euach category 71

IiZ.7. Fregquency cf defclistion (days between
defolistions) 71

I1I.%. iYean zgreen lea:l lensth and bLedprht {ciaj
of grazed and unigrazed tillers tefore
defolintion

I1Z.9. “ubsequent defoliaticns during period [

~J
ro

of tillers irazed or ungrazed prior to

Suly “0. 7%
I11.70. “everlity of defollation ¢l individual

tillers us length of G.liewe (mm) And =as

percentage of G.i.u. recoved (..) 73
I11.11(a). Frequency of defoliaticn of "old", and

"young" tillers (days between

defolietions) 76

(b). Ceverity of defoliation of "o0ld" and

"voung" tillers (% G.I..J.. removed per

defoliation) 76
ITI.12. Kean G.l.L. of "o0ld" and "young" tillers

(cm). 83



Figure
vhapter 1.
Le7e :elation ol rate of hervage Intake,

rate of viting and slze of bhite to
length of tiller (aiter .llden and
(+«hivtaker, 1970).

Chapter il. wxperiment i.

ilelie Changes in total dry matter available
(ags/ha)

Il.2. Changes in mean height and green leaf
lengblh (Geweis) 01 Bward (mm),.

lieZe ceverity ol deiocliation of individual
tillers (4) #Gan vei.wus (mm) removed

and (B) ~ GeoL.l. removed at a single
defoliation
II.4. l'attern of leafl selection on tillers

Chepter 1ll. Experiment II1,

IZI.1. <{hanges in total dry matter avsilable
(Kgs/ha)

I1Il1.2. Changes in mean height and green leaf
length (G.L.L.) of sward (mm)

I1I.3. GJeverity of defoliation of individual
tillers (A) Kean G.L.DL. {mm) removed,

and (B) /4 G.L.L. removed at a single
defoliation
ITI.4., Prattern of leaf selection on tillers

a

23

33

42

42
46

65

66

74

74
77



P'late

2

De

D

LIST CF PLATED

View of plots showing transect in
position and grouped markers beneath
the transect line.

General and close-up view of the pastures
prior to commencement of Lxperimont I.

vlose-up view of the "medium stocked" and
"high stccked" pastures at the end of
Zxperiment I.

General view of site of Lxperiment II and
cloge-up of "merino" pasture at commence-
ment of grazing showing patch grazing.

Development of the "dung patch" grazing
effect on the "merine" pastures alter
2 weeks and after 6 weeks.

25

29

67



IRTHC DU STION

Climaticalily New Jealand is favoured for grass growth and year-
round grazing of pastures; this has led to high levels of production
per unit area. These have been achieved through manipulation of the
factors affecting (1) herbage production of pastures and (ii) the
utilisation of tnis herbage. inlightened fertiliser useage, drainage,
improved pasture specles and grazing manasgement have improved pasture
production, while improved utilisation nas been achieved from
progreesive changes in management and stocking rate.

¥ith year-round grazing, there is a continuous interaction
between the plant snd the animal communities. The intersction increases
with stocking rate (Arnold, 1963); with increased possibilities of
cither cozmaunity being unable to sustaln production and ccllapsing.
liaw Zea..and researctk workers have been aware of the points at whigh
the plant and anicel commuritien interact and in particular the effucts
of tte ;razing snimel on ta2e plant community (fears, 1956). The
effects of :he pasture, in quallty and quantity, on the grazing
animel appear to be less well understood.

’xperinents involving the growth responses of sheep graziag
varicoue gress and grass plus ciover pestures have indicated the variable
nutritive value of pasture species and in particular the high rutrisive
value of white clover (I;ifolium repens L), (Rue, Brougham, Glenday
e¢nd Butler, 1963; iae, Broughan and Bartin, 1964.)

Australian studies have shown the existence of optimum quantities
of available pasturs in perticular greeu uatter (“illougaby, 1758,
19959) and height of pasture (irnold, 1964 a) for max<imum animal growth
rates., Structural changes of the pasture can alsc affect aninal
performance mediated through changes in grazing behaviour (Arnold,

1964 ). These aspecis have received lass considecration in Kew
Zealand.

The offects of tiis animals on the pasture are fourfold;

(1) defoliation

(2) treading

(3) excretal return
and (4) s8eed dispersal.

This last factor is probably c¢f .esser importaace in intensively
grazed improved pasturas,.

The treading effect has heen studied closaly using the technicue
developed bty Edmond (1358)., liis results indicate the considerable
effect treeding can Lave in redusing growth of pastures and cliangirg
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botanical composition and possible long=-term effects brought about
by the above and changes in soil properties (Edmond 1966, 1970).

Sears (1948) has shown that the excretal return is an important
faoctor contributing to the high production of New Zealand pastures
because of the quantities of nutrients returned in a readily availabdble
form. Indications are that with increased stocking rates excretal
returns will further favour pasture growth (Barrow, 1968).

The final effect of the animal on the pasture, which is the subject
of this thesis, is defoliation. GSears (1956) says “the major influence
on pasture growth is the selectivity, intensity and frequency of
defoliation and the associated competition for light between species."”
The defoliation pattern and selectivity of grasing sheep will be dis-
cussed in the review of literature.

The frequency and intensity of defoliation of a pasture is likely
to vary largely according to the system of _ rasing management employed.
Many systems are possible (Wheeler, 1962; BSpedding, 1965) but the
most widely used involve either a type of rotational graszsing or set
stocking.

Under rotational grazing there is some control of the frequency
and intensity of defoliation but up until 1965 (Spedding, 1965)
nothing could be said definitely for a set stocked system of grasing
management. An investigation by Hodgson (1966) in England, involved
the frequent observation of small units (tillers) of a perennial rye-
grass sward under a set-stocked system of management. He showed that
the frequency was proportional to stocking rate and severity increased
with stocking rate. A number of similar experiments have been carried
out in England and Australia (Arnold and Greenwood, 1968; Morris, 1969;
Hodgson and Ollerenshaw, 1969) confirming an increase in frequenay of
defoliation as stocking rate increases. There is less agreement on
the change of severity with stocking rate.

In the investigation reported here, Modgson's technique was used
to estimate the frequency and severity of defoliation of individual
tillers in a cocksfoot (Dactylis glomerata L) dominant sward under a
specific system of grasing,

1. The effeot of 2 stocking rates (36.1 and 79.7 sheep/hectare)

and

2. The effeot of animal dreeds (romney and merino).

Experiment 1 was carried out in the autumn of 1970 and Experiment
2 in the winter of “9700
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CHAPTER I. REVIEW OF LITERATURE.

In the review of literature the pattern of defoliation will
be examined in 2 sections; first, the observed selectivity of defol-
istion and secondly, the frequency and severity of defoliation of the
pasture and its components. A short introduction will _;ive a background
to, the factors leading to grazing by animals, grasing behaviour, and
the grasing process. In general diascussion will be confined to the
pattern of defoliation produced by sheep.

Animal Intske and Selectivity
The action of eating by the animal arises from the animal's drive

to satisfy its appetite and is modified by a number of factors.
KcClymont (1967) has suggested a model to explain how eating of phagioc
behaviour is controlled. Fhagic behaviour is stimulated by an inherent
energy demand of the animal the magnitude being proportional to the
metabolic size of the animal (body weight to the power of 0.75 approx.).
However other facilitatory or inhibitory stimuli may arise which cause
the animsl to continue or cease from phagic behaviour. These stimuli
may be inherent e.g. maximum energy intake, distension of stomach,
fatigue (all inhibitory) or adventitious e.g. heat, disease, social
inhi"ition and psychic stress, unpalatability, outritional atress
(nutrient deficiency or excess).

The selection pattern of the animal in the pasture is mediated by
stimull acting through either the smell, sight, taste or touch senses.
The response of the animal to these stimuli may be ¢ither innate
(determined at birth) or learned. MoClymont suggesets that innate
behaviour probably ooccurs only in very young animals. The known learned
responses are from (1) dam,

(2) habit - what type of pasture the animal was
reared on,

(3) avoidance of plants producing rapid intoxication,
and

(4) habituation - reduction in intake due to continual
exposure to one fodder, e.g. roughage in spring.

Besides the affect on selection, these internsl animal factors
along with pasture factors will effeot the grasing behaviocur of the
enimal.
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Graging Behaviour:
The nutrition of the grazing animal is dependent upon the animal's

ability to gather its own diet and the quality of that diet. Arnold
(1963) hes described the graszing behaviour of sheep: "On good pasture
(ylelding about 2,000 lbs dry matter per acre) sheep will graze for
8 hours a day. This grasing time is usually made up of two or three
long periods of graszing interspersed by much shorter periods.” The
rate of eating is probably adbout 40-60 bites per minute (Arncld,1964a).

Studies with sheep have shown that grazing behaviour varies
with physiological state and changing pasture conditions. The appetite
of the animal increases with age, lactation, poor previous nutrition
and after shearing and this is reflected in either greater rates of
eating or duration of grasing or both (Arnold, 1963; Arnold and
Dudginski, 1967, 1969; McManus, Arnold and Ball, 1967). British
breeds of sheep have a greater intake than merinos (Arnold and Dud-
zingki, 1969) but it igc not known if this causes a significant change
in grasing behaviour,

Grazing behaviour is strongly influenced by pasture factors. With
a decrease in availability Arnold (1963) found that the eating rate
first increased to a maxismum at about 100 bites per minute and then
the grazing time increases, up to a maximum of about 10.3 hours.
These changes represent the animal's flexibility to satisfy its appetite
because of a reduced size of bite occuring as the availability declines.

Recent studies indicate the xeduced height of the pasture as
probably the important factor cauasing this reduced sige of bite and
concurrent grasing behavioural changes. Allden and Whittaker (1970)
disturbed the usual relationship between availability and pasture
height (by rotary hoeing strips through plots reducing availability dbut
maintaining height) and found that the rates of intake was closely
related to plant height, there being little relation with herbage
yield. They found that the size of bite increased almost linearly
with length, whereas after a small initial increase the rate of biting
decreased. (3ee Fig. I1). At greater tiller lengths ( — about 10cms)
the size of bite and rate of biting varied inversely to maintain a
constant rate of intake. Partial compensation for reduced intake was
@lso achisved by an increase in grasing time. It is important to note
that sach of these adaptations (grasing time and rate of biting)
reaches a linit. This means that they become increasingly less effective
in compensating for a reduced intake, in particular where the animal
requirements are high e.g. lactation (Arnold and Dudsinski, 1969).
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At low pasture availabilities (height) Allden and “Whittaker found
that young animals (lambs) were able to maintain a greater intake
than older animals (yearlings) which they suggested was due to

the relative mouth sizes; a small mouth giving an advantage under
such conditions. However at high availabilities the situation

is probably reversed.

Increased grazing time due to reduced size of bite may not
occur as a result of reduced availability alone. Arnold (1963,
1964) has suggested that where an animal is forced to graze select-
ively e.g. where preferred green leaf is ernclosed in dead and dry
ma’erial, grazing time increases.

! Rate of Intake

(0] 10 20 30 +0
Length of tiller (cm)

Fig I.1. Relation of rate of herbage intake, rate of biting
and size of bite to length of tiller,

frf+ar Allden and Whittaker 1970. Fig 3).



The Gragzing ixrocess:
The grazing process for sheep hes been defined by Arnold (1960) as

eating off in a horizontal direction and selection in a vertical
direction. This grazing off in a horizontal direction means that it
is rare for sheep to graze from the bottom of a pasture upwards in

the sense of biting whole grass or clover leaves off at their base.
father than eating a favoured area from 6" to ground level at once the
area gradually becomes more tightly grazed (irnold, 190e4). This
rattern necassitates the removal ¢f leaf tips first.

The development of patches under conditions of undergrazing
(e.ge iiorman, 19573 Suckling, 1964) confirm this horizortal procese.
{8 the surrounding vegetation growse more rank and unpslatable the
grazed patclice will bte ncre and more closely defoliated.

The second part of the prcoccess invelves :selectivity in a vertical
plane. For example in & lucerne steand (iedicago sativa I) containirg
& mixture o tall, medium and siliort plants and grazed with romney
wethers fcor 24 hours the animals concentrated thelr grazing on the
leaves and stems of the medium plantg and avolded the more mature
leaves and stems of the tall plants. The short plants were relatively
ungrazed in the limited ygrazing period zllowed (%atkin 1969 pers. comm),.
in otkher words there was a definite selection for the young leaf and

astem meterial and against the more mature plaat material,
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THE PATTERN OF DEFOLIATION:

The selectivity of the grasing animal has been studied both by
examining the pasture before and after graging (Cockayne, 1919;
Stapleton 1927; Reid, 1951; Milton 1953; Norman 1957 and others),
by sequential photographs of fixed quadrats in graszed pastures
(¥illoughdby, 1965; Arnold and Greenwood, 1968) by an examination
of the diet of the asimal (Weir and Torell, 1959; Taylor and Derias,
1963; Hercus, 1960). The former techniques give the most readily
interpretable information for the effect of grazing on the pasture and
the latter are more useful in terms of the nutritive value or quality
for the grazing animals. The selectivity in relation to nutritive
value and gquality usually results in a diet of greater digestibility,
nitrogen, phosphorus and total digestible nutrients contents and less
soluble carbohydrate and orude fibre (Arnold, 1960; Blaser et al, 1960;
Meyer, Lofgreen and Hull, 1957, Wweir and Torell, 1959). However as
these aspects are of less agronomic significance than the selectivity
of different components of the pasture e.g. species or parts of
individual plants (leaves, stems etc) that affect the continuasl growth
and productivity of the pasture they will not be discussed further.

Within a plant community the grazing snimal is faced with several
components which vary according to the stage of growth, either leaf,
leaf sheath or stem, and seed head. Both sheep and cattle selsct
leaf in preference to stem when grazing lucerne (Armold, 1960; Meyer et
al, 1957). With grass species the same pattern has been shown for
phalaris spp., ryegrass (Lolium spp) and mixed species swards (Arnold,
19603 Stapleton et al, 1927; MKilton, 1953; Bpedding, Large and Kydd,
1966).

In most improved, closely grazed pastures where a grass species is
the dominant component, leaves are produced at or near ground level and
ster is only a very small proportion of that material available over
the year. The ability to select between different types of leaves
will be more important, Hodgson (1966, 1969)showed, for a closely
grased perennial ryegrass (L. perenne L.) sward, that the youngest
leaves on grased tillers were defoliated more frequently than the older
leaves. Two similar studies for cocksfoot (Morris, 1969) end Lolium
rigidum (Arnold and Greenwood, 1968) have shown the preferential sele-
ction of expanding and newly mature leaves rather than old or defoliated
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leaves. Arnold (1960) found no such preference between young and old
leaves in the spring but at a more advanced stage of maturity there was
a definite selection of young leaves, then mature leaves and finally
sten for merino wethers grazing lucerne. The selectivity was greater
the more mature the herbage. This tendency to graze the youngest, most
actively growing leaves msy be explained as the result of deliberate
selection by the sheep (Arnold, 1966) or simply that the youngest leaves
are more accessible (Hodgson, 1966; IKorris, 1969).

It has often been observed that grasing animals select against
dead material in a pasture. On mixed swards grased over the winter
and spring periods in Wales, green material was preferred to winter
burnt and discoloured leaves (Stapleton et al 19273 Miltom, 1933,
19.3). Cattle also avoid eating dead material (Cowlishaw and Alder,
1960, 19673 Corbdbett, 1957). The presence of dead or dry material
in the pasture also influences the selection among the components
available e.g. leaf, steam etc. When pastures are mainly green the
diet is selected almost exclusively among the green components
(Arnold, 1964 ). On a phelaris dominant pasture, when the dry matter
content was high, at about 50%, sheep selected a diet comprising 70%
green components. These results were determined using the cesophogeal
fistula examination technique. As a result these was almost complete
suppression of preferences amongst the green components (Arnold, 196« Y,
But the failure to select between green couponenta when dead matter
content of pastures is high may not always apply; the selectivitly
pattern for youngest leaves observed by Hodgson (1966) was for pastures
of about 60-70% dead material (dry matter percentage), and in the
presence Of a considerable quantity of older green leaves.

In a complex pasture there is opportunity for selection between
species. The selection of one species against another may depend
either on its palatability (causing facilitatory sight, smell, taste
or tou h sensations) or accessibility. Many palatability trials have
been carried out involving either mall units of pure swards in which
the anizals had access to a variety of species at one time, or where
the animal was placed on a certain area for a set period of time -
usually 24 hours (Stapleton et al 1927). The method of assessment
was the same in each case. Before grasing, the sward was given a score
on an appropriate scale according to the quantity of material present
and sinmilarly after the grasing period. The value for the percentage
of the species removed was the palatability rating for the apecies.
Timothy, (Phleum pratense L) ryegrass species, white clover and cocks-
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foot were found to have high relative palatabllities and fescus
(Festuca spp) and phalaris low retings. Similer results have

been found ir later trials (Ivins 1952). Under pasture cciaditions
the high reletive palatebllity of white and red clover (Jrifolium
protense L) coupared tc grasses has been noted (Voilsin, 19.9;
itapletion et al, 1927; «iltom, 1933). (i sumser and asutuwin hill
country pastures in ‘‘ales, that were miinly green, sheep s:lected
gragses in preference to a variety of 1eros (iilton, 1953),

Kany instances have been glven whare chunges in pastur-es,
mainly througnh changes in botsenical cemposition, have been ascribed
to the patte:n of selection ariong different specias (itern, 1968;
suckling, 19543 Il.evy, 1955; iears, 1956 and many others). However
the followiniz triel is en i1Xllustration of what changes can be
effected. 12 a detalled trial involving both ceattle and sieep under
continuous and rotatiocnal grazing, Norman (1957) found selective
grazing to alter the botanical. composition of a downland permanent
pasture, ihe initial composition involved mainly creeping vent,
(Agrostis stolonifers L), red fescue (Festuca rubrs I.), ox-eye
daisy (Chrysanthenum leucanthemum) and bulbous buttercup (ianunculus
bulbosus). <The selection pattern for these was determined by
exanining open and closed cuadrats of 1individual species before and

arter grazing. under close sne2p grazing, red [fescue end creeovlag
bent dominated the pasturcs due to poor palatebility of toth srecies
even though accessible aut all times. iinder cuttle :razirn, there

was an increase in the weed species ribwort plentailn (Zlantazo
lsnceolsta) and bulbous buttercap (ikanunculus bulbosus). The
differences between the munagement systems were not of rery great
size.

ralatadbility appears to vary witk many facters but meny o=
called unpalatatlle spascles are xore »Hzlatabile in the sovring durlng
the phase of most aciuive growth. This factor may help to explaln
the selection of young leaves rather than o0ld leaves es they are
likely to be growlng more actively. In a pasture of specles with



diverse structure, accessibility is likely to be an important
factor in selection pattern. Uneven canopies, which are more
marked the greater the availability or the more mature the herbage,
would provide variation in accessibility. On relatively uniform
oclosely grazed swards Hodgson (1966) and others (Lorris, 1969;
Hodgson and (Ollerenshaw, 1969) have found that at any single
grasing the average green leaf length of the grased tillers was
greater than that of the ungrased. The sheep may be selecting such
tillers because of greater accessibility or because they are more
easily removed. The measure of green leaf length (G.L.L.) does not
give an acocurate indication of the weight and sise of a tiller
because of a great variation in the thickness of tillers. Hodgson
(1966) mentions that in some cCuses G.L.L.. vas estimated as that of
the main tiller plus the length of leaf of secondary tillers.

The selectivity pattern is modified by a variety of animal,
pasture, management and other factors.

1. Animal Pactors,

The animal species involved is an important factor in selective
grasing. Yhen offered a choige of pasture types goats and shecp
were less and swine were more discriminating than cattle and horses
for a wide number of herbage species as single plants and mixtures
(Bardison et al 1954). Beruldsen and Korgan (1938) also found sheep
to discriminate less than horses and cattle. The physical ability
to select may also vary. Stapleton (1948) suggests;

"The sheep is more refined in its adbility to select than the
bovine, the sheep can with ease take an individual plant or an
individual leaf, the bovine selects patches, the sheep both individual
plants and patoches.”

In an investigation involving sheep and steers grazing lugerne,
the sheep left less leaf on the plants after grasing even though the
steers removed a greater amount of Ary matter (lieyer st al, 1957).
The relative sises of the mouth parts probably would ensble sheep to
grase more precisely than cattle.

The selective grasing of cattle associated with dung patches
is well known. In one instance nearly 100% of grass and grass~legume
forage groving near dung was at least partiaslly rejected and 81% was



completely rejected after *—4 weeks (Marten and Donker, 1968).
This rejection appears to be due to the smoell of the faeces
(MacDiarmid, 1969), and may persist for up to 4 months depending
on the rate of disappearance of the dung putches. Ko similar
observations have been reported for sheep.

Breed differences in sheep do not appear to be important
under intensively grazed conditions. However Arnold and Dudasinski
(1969) have indicated that differences in intake exist between
British breeds and merinos when grasing very short herbage. It
is possidle that selectivity is affected through graszing behaviour
adaptations. For hill country or native pastures differences may
be more apparent. Hunter (1960) has suggested that the cheviot
breed adapts better to grasing low fertility areas, whereas the
scottish blackface grased more uniform and fertile pastures. The
reasons for this are probably complex with some genetic influence
possible. Amongst cattle it is suggested that tropical breeds
may grase more selectively than British breeds (Joblin, 1962).

The author suggests the grasing process is more closely akin to
"the biting action of sheep than the tongue grasing of cattle
from temperate climates”.

The high selectivity of young animals grasing pasture is
frequently noted. Lambs high stocked on a phalaris - annual grasses -
subterranean clover pasture only grased 33% of the peddock over the
winter season in an Australian trial (Arnold, 1964:). Blackmore
(pers. comm 1968) has also noted a very marked patch effect in
lamd grased pastures, resulting from continuous selection of
particular areas of the paddock. Under such conditions the ungrased
areas become increasingly rank and unacceptadble. This characteristic
is utilised in cor'e creep grasing systes adopted (See Large and
Taylor, 1956). This pattern exhibited dy young animals may dis-
appear after a short time (Hodge and Doyle, 1967)., Examining
oesophogeal fistula sazples taken froe lambs and yearling merino
sheep on the sane pasture, these workers found no differences in
nitrogen content and dotanical composition of diet. Both groups
inoreasingly selected clovers against grass in perennial pastures
over the spring period even though the proportion of clover in the
pasture was declining. Other investigations suggest that there is
1ittle difference between yearling and sdult sheep (Arnold, 1964a).

No 4ifferences have been found in the diets selected by ewes
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in different physiological states when grazing phalaris - annual
grasses - subterranean clover (I. Subterraneum L.) pastures over a
range of availabilities (Mcianua, Arnold and Ball, 1968),

2. Pasture Factors.

It has been said that the degree of selective grasing is
directly related to the availability of pasture (Greenhalgh, 1966).
The greater the availability, the greater the degree of selection.
Cn a grased stand of lucerne iArnold (1960) found that the rate of
decline in leaf percentage was faster the greater the quantity of
material present.

Under pasture conditions it is probadbly the aevailadility per
animal as well as per acre that leads to selective grazing. It has
frequently been observed that under low stocking rates pastures tend
to be grased in a patchy manner (Suckling, 1964; Norman, 1957;
Hodgson and ®llerenshaw, 1969). Examining the diet of grasing merino
sheep Arnold et al (1966) found the greatest differences between
the diet selected and the average of the pasture available was during
the season of greatest availability. The converse situation where
an inadequacy of pasture is available probadbly restricts selectivity
s0 that components are consumed in proportion to their availability
(Willoughdby, 1959). The greater degree of selection at greater
availability per unit area or per animal may arise from the greater
natural variation in the pasture and the greater opportunity to
select. This veriation also arises as the forage moves into a more
advanced stage of maturity which is what often occocurs as availability
increases.

Often an increase in availability of pasture is accompanied
by a marked change in structure. Usually the canopy will be taller
and it has been noted that in taller swards there is a greater
emphasis on selection of younger tillers during grasing (Koore and
Biddiscombe, 1964). The change in structure is particularly marked
in the Australian phalaris - snnual grasses - subterranean clover
pasture during the summer 4ry period. The clover forms a layer
close to the ground below any green shorts with dry grass forming
an enveloping wed over the desired components. The most resdily
accessible component to the animal is the dry grass. In an
examination of oesophogeal fistula samples for the diet selected
by sheep grasing a pasture of this type clover and some of the green
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material was not selected until some of the dry grass had been
eaten (Arnold, 1964 ). Under such pasture conditions the grazing
progess has to be selection on a vertical plaene.

Selectividy may bs greatly affected by the growth form of the
pasture species. In examining the pattern of defoliation in a
pasture of morphologically diverse species the grasing of red
fescue and cocksfoot has been attributed to their uprightness
(Norman, 1957)« The ingress und persistence of species of pra,
in particular Poa trivialis into pastures is suggested to be due
to their abllity to resist grasing (Kydd, 1966). Becsuss tiller
density is higher than that of many species, for any given avail-
ability a greater proportion of dry matter will be close to ground
level. Therefore at a defoliation a lower proportion of the
leaf of such plants can be easily grased. ilsc s large proportion
of these Foa &spp tillers are prostrate. The implications of growth
form on botanical composition and maintained plant vigour under
selective grazing are dlscussed by Lorman (1960). Upright species
and those of greatest relative palatability will be graszed nore
severely and are less likely to persist in a pasture, whoreas those
of a more prostrate growth form anGd least relutive paelatebility
will be lesa severely grazed and 30 persist.

Muloahy (1962) has examined the pattern of selection in two
pasture types; a phalaris-lucerne pasture and a cocksfoot-white
clover pasture in the vegetative stage of growth. These were
grased at 100 sheep per acre for 8 days and differences in the
compoeition was determined at 2 day intervels using the point
quadrat technique. In both awards the legumes were selected in
preference to the grasses but as the availability declined, there
was a faster rate of decline in the grass species contribution.

On both swards the top of the pasture was grased first., This
study showed no differences in the pattern of defoliation and
seleoction of two simple grass legume pastures at similar stages
of maturity. However at a later stage of siaturity i¢ =might be
expected the sheep would graze different pasture types in a
different aanner, is the pasture factors already mentioned come
into effects The study does confirm that clovers are preferred
to grasses dut also indicates that the species preference may
alter during the grasing period. The seasonal ssceptability of
species slso alters depending on growth rate and other factors
(Amold. 1966) °
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3. Management Factors.

The adoption of rotational grasing techniques, particularly
under close grazing, largely removes selective grazing. As the
animal has a shorter time on the pasture there is less oOpp-‘rtunity
for selection and since at any one grazing the proportion of
zaterial removed from the pasture is, or can be, greater depending
on stocking rate, all components are more likely to be grazed with
equal severity.

Under set~stocking oconditions the main variadble that could
affect the defoliation pattern is stocking rate. As has been
discussed this can be indirect through resultant changes in the
pasture factors, e.g. structure. The direct effects of stocking
4o not appear to be great. On a kitchell grass association,
increasing the stocking rate from 1 sheep per 4 hectares to 1
sheep per 2 hectares did not alter the order of preferences of
individual species chosen but the speed of progress from one to
the other was greater (Weston and Moir, 1970). The selection of
young leaves against older leaves and the tallest available
tillers at any one defoliation was similar for stocking rates of
29, 77 and 91 sheep per hectare (Hodgson and Ollerenshaw, 1969).

Harvey (1962) examined the pattern of selection at 3 stocking
rates of 40, 100 and 200 sheep /acre (102, 25%, 510 /hectare) on
a phalaris-white clover and perennial rye-grass pasture. At the
highest stocking rate the selective ability of the sheep was
greater in the horisontal direction; the pastures which were
2=3" high at the beginning of the experiment hed greater amounts
of total material removed in the O=-1" region than the 1-2" region
by the 200 sheep/acre treatment. There were no differences in
the botanical composition of the diet sclected. It would be
expected that if the amount of materiel per animal decame reduced
as under high stocking rates that the animals would rezmove a
greater proportion of the material cslose to the ground level.

4, Other Factors.

Olimate may have an effect on the selectivity pattern of
grasing sheep. Tribe (1950) has described how sheep on hill areas
will stay in the bottoms in "rough" weather but in fine weather go
to the hill tops. The associations in these areass will be grased as
a sonsequence. In wet weather the rank vegetation is avoided but
during 4dry spells there is greater attention to bogs and any plants
of high watexr content.



The major effect of the animal on ths growth of the pasture
is through the frequency and severity of defoliation of the
individual growth units. Many cutting trials have shown how the
effect on growth varies according to the pasture species, season
of the year and the particular frequsncy and inbensity adopte’,
(Brougham, 196C; Davidson, 1968).

Frequency of Defolistion.

The frequency of defoliation or the interval between successive
grazinge can be determined by the syetem of management. Under a
system of rotational grasing it is clearly possible to impose any
number of defoliations per season or year, However the frequency
of defoliation may be confounded depending on the length of time
that the animals are allowed to remain graszing the pasture. If
animals are allowed too long a grazing period individual tillers
may be grazed on one or more occasions. Voison (1959) suggests
that 4-6 days is & maximum period for grazing before cattle will
start to graze tillers a second time.

Under a eystem of set-stoaking no such control of frequency
is possible because the relationship between the various animael
and pasture factors with the frequency of defoliation of individual
tillers are less well known. It has been suggested that individual
plants are rarely defcliated frequently (Wheeler, 1962), but also
that the opposite may ocour (Spedding, 1965). Spedding (1965b)
attenpted to compare what differences msy occur between the two
systems of management and suggested that it was not so certain that
set-gtocking necessarily results in a very different pattern of
defolietion, "It is most urlikely that in a set~-stocked area esach
plany is defolisted dally: the actual frequency and severity must
vary with stocking rate and many other factors, but these inter-
actions have not been investigated."”

In 1966 Hodgscn published the results of an iavestigation of
the frequency of defoliation of individuel tillers in a ryegrass
pasture sete-stocked with yearling masdham sheep at 2 stocking rates
of 19 and 30 sheep per acre (48.5 and 76.5 /hectare). 500 tillers
were marked in each paddcok (§ acre) and these were examined every
3 « 4 4ays and recoxded as either grased or not grased and also for



the length of green leaf per tiller present. The results showed
that on the medium treatment (19 sheep/acre) the tillers were
defoliated on average every 11-14 days and on the high treatment
(30 sheep/acre), every 8-11 days. The authors suggested that
these figures may have underestimated the frequency due to the
short period of observation, and to some defoliations being ao
severe that no more leaf was produced on that tiller. 6ince this
study the pattern of intermittent defoliation of small units of
herbage in a set-stocked sward has been confirmed (Morris, 1969
Arnold and Greenwood, 1968; Hodgson and Ollerenshew, 1969;

CSIRO Report, 1965). Therefore although the set-stocked pasture
is grased continuously, individual parts are rotationally grased.

The frequency of defoliastion of individual units has been
found to vary considerably. Lambs grazing a cocksfoot pasture
maintained at 3 different levels of leaf area index (LAI), approx.
3, 4, 5 defoliated small units (8 x 8 om) every 19, 24 and 36
days respectively. The stocking rate was similar for all treat-
ments at about 22.5 lsumbs per hectare. A CSIRO estimate (1965)
reports a unit (unspecified) was defoliated every 21 days when
grased by mature ewes at 17 sheep/hectare. These estimates
indicate that under set-stocked conditiona individual units are
not defoliated frequently under medium levels of stocking.
However there iz an increase in frequency with stocking rate and
at high levels of stocking (91 sheep/hectare), individual tillers
may be defoliated more frequently than once per week (Hodgson and
Ollerenshaw, 1969).

These data confirm the proposals made by Spedding (1965h that
stocking rate is a major factcr affecting the frequency of
defoliation but the incrsase in frequency from the data (Table 1)
40 not indicate that the increase is 4irectly proportional to
stocking rate as has been concluded from Hodgson's original
experiments (Arnold and Greenwood, 196€8).

Severity of Defollation
One ¢f the difficulties in the determination of severity of

defoliation is choosing a sultable oriteria. In cutting trials
the sevority of defoliation, or intensity as is used synonymously,
has bHeen used to refer to either the reduction in height of a
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pasture or merely the height to which the pasture is reduced
regardless of initial height (3rougham, 1959). Arnold and
Greenwcod (1965) have auggested that the severity of defoliation
refers to the proportion of evailable material removed in a given
time (i.e. &t a defoliation). The criteria adopted in tha
exarination of the severity of defoliation of individual tillers
i2 a grazed sward has been the determining of the proportion of
leaf length (either green or total) remcved at a single defoliation;
calculated from the difference in leaf length of a tiller between
saccessive celcliations wita a correction for the estimated
increase in length due to growth over the same time interveal,

Lable 1,1. 4 comparisom of the severity of defoliation wlth the
stocking rate (sheep/acre) und the grazing pressure
{sheep/100 Fzns total &r; matter).

tecorded vaiue tatio (A = 100)
Paddock
A 3 C
Severity of defoliation
mn/defoliztion 30,8 42,1 5249 100 159 172
</defolistion 1%.4 3830 6742 100 284 %01
Ctocking rate
(sheep/hectare) 29 77 91 100 266 214
Grazing pressure 10,1 28,2 43.8 700 278 483

(Kodified after Hodgson and Cllerenshaw, 1769,
Table 15 £,233)

i{iodgson and Cllerenshaw (1969 - See Table 1.1) found that with
an increase in stocking rate from 29, to 77 to 91 sheep/hectare
thalt tae severity of defoliation increased for 13.4, to 38.0 to
67+cte In Lig study at different L.A.I. Morris determined the
severity of defoliation as about 24%, with no significant
differences between L...I. treatments even though the severity
under the low treatment (L.A.l. = 3) was S0% greater than that
of the high treatment (L.2.I. = 5). Estimates of the grazing
pressure (the number of animals per unit of diy matter availabdble)
indicate that the increase in tre severity of defoliation may be
more closely related to the grazing pressure tthan to the stocking
rate (3ee Table 1.1). This indicates that the severity of



defoliaticon may also be related to the pasture. Under the high
stockiny rates the amcunt c¢f pasture present per unit area was
less and consequently tillers were initially shorter. ‘s the
stociiin;; rate incressed there was a greater absclute length of
green leaf removed which when expressed as a percentaze of the
initial tiller leaf length gives a much greater rate of increase
in the severity of defoliation with stocking because of the
initially shorter tillers,

#11loughby (1998) nas sugested that under raduced sveilability
the srazing znimal compensstes for lower ratas of intake by a
behavioursl ciange, an increase in grazing time and by titing
closer to the ground level. <The closeness to ground level that
ap aninal can erd will graze may be as immorsant in plant recovery
Lrom grrazing as the projortior of green leafl removed. evere
sraziny can severely decrease growth rate due to remsoval of celilis
that a:re capable of further erpanslon as well as those capable of
sroducsion (lavidson, 19693}, lligher sgtockxing rates were certainly
acccapanied wy more clo:zely grazed pastures in the avove expemle
acnts Dy todgson et al., 1owaver tuey were prcbably not grazed aard
enougll to affect tre actively dividing and "reserve'" regicns at
the leaf bases. wheeler (1962) suggested sncep can only graze to
withiu an inch or two of the ground. Scoffield (71970) hug found
Ior rorney wetners grazing a ciover pasture under very severe
conditions of low availability (2009 kgs 2. /hectare) that stclens
cn and even belowuground were uprooted and grazed. This would
suggest that if an animal is forced to it can probably graze
pasture plants so0 severcly .s to casuse plant death.

Factors aifecting the Irequency and intenusity of cdefolliation.
1. Animel [Factore.

No experimente have beorn sizhted which exarined differences
in frequerncy and severity of defcliation hetweer animals of
different agos, sex, physiolcgical gtste or breed. Iresumably
a difference in intsle by animals would be reflected in a difference
in ‘he frequency and severity of defoliation of similar pastures.

2e Pasture Factors.
As indicated the severity of defolistion is probadbly related
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to the quantity of material available and will therefore probadly
increase with shorter pastures. The frequency of defoliation also
increased as the pasture decreased in availability (Hodgson and
Cllerenshaw, 1969). ~irnold and Greenwood (19653) found that for
merinc wethers grazing an emerging annual pasture of Lolium
rigidum fewer marked plants were grazed in the second than the
first week of observations even though over tkis initial period
there was a decline in the quantity of dry matter present on the
pasture to a low level of about 50 kgs DLl per hectare. There was
a continual fall in frequency as the pasture increased in quantity
during the following 6 weeks. The fall during the second week may
have been due to difficulty in prehending such short shoots
present st that time. The fall in frequency in the succeeding 6
weeks is a natural result of an increasing quantity of total U.:.
present due to an increased size of existing tillers and the
developuent of new tillers allowing the appetite to be sutiafied
from a smzaller nuwber of tillers or area of ground.

In the same experiment the authors indicate the growth rate
of the pasture may be important in altering the intensity of
defoliation. Determining the intensity of defoliation as the
proportion of material removed per week they found a rapid decline
from 14 to €5 in the first 3 weeks. Thereafter the decline was
steady until the seventh week when there was a sharp rise in the
% removed. The authors suggest that thia/%%%edue to a fall in
the growth rate of the pasture resulting from a nitrogen deficiency
and suggest that a similar response may occur in other grazing
situations. Different seasons may give similar results due to
the changing growth rates.

No differences in defoliation pattern have been shown due to
the structure or botanical composition of a pasture. The experiments
described have all been conducted in single species swards. ‘here
differences in morphology occur between species in a pasture it would
be expected that the more upright species would have a greater
proportion of material removed at a grazing (liorman, 1960).
Palatability, stage of growth etc. of the different species may also
be expected to give rise to differences in the frequency and
intensity of defoliation through selective grazing as described.
Tiller number is unlikely to be important unless it varies
independently of the total dry matter. As tiller number declined
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or rose and total dry matter remained constant the frequency of
defoliation may vary similarly. 4n increase in tiller number may
be accompanied by & decrease in the intensity of defoliation due
to greater proportion of plant meterial being cloaser to ground

level and therefore not easily removed by the grazing animal
(Kydd, 1966).
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Chapter II. EIPERINEND T

A, Intrcduction.

The obJect ol this experiment was to exaitlbe the Ifrequcncy
and intensity o. defoliation of individuzl tillers: under mediunm
and high stocking rates and their changes under conditions cf
changing helghs and availability of pasture.

the experinent was carried out in the .utumn when tillering
was vigorous and thoreby enabled & study of the effect of different
aged tillers on the pattern of defoliation.
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Be liaterials.

Location of Zxperiment.

The exparirnent was set up at the "Tuapaka" igronomy reeearch
area of Lass2y lniversity. It is situated “3 kilouzetres north-east
from almerston Lorth on a Yoloasru 8ilt losm at the wet =nd
(Pollok 1971 pers comm.) at an altitude cf 70 metres i.0.... and
at latitude %0° 21'3,

Temperature snd rainfall records, presented in ippendix I
have been taken from the J.3.%1.H. weather station 13 kiloretres
away.

The "Zuspaka" researca area was fenced to gilve paddocks of

about C.<7 bectares, which for the last 2 years had been used for
a stocking rate x pssture species x animel srecles trial, Itecords
had been taken of various pasture and animal parsmeters.

Layoul of Lxperiment.
Two plots, sown to k... Grasslanas "Apanul" cocisfoot (Dactylis
glomerata .) in 1966 as part of the trial mentioned avbeve, were

usad for this trial. Lach plot was divided to give two sub-plots
of 018 hectares and 0.09 hectares representing a mediui and high
stocklng rate (hereaiter called wedium and hiyh trewbments) respeci-
ively and gziving 2 replicrtes per treatment.

Experimentsl Animals.
Cn Y¥arch 378t 1970, 28 mature romney ewes were raniked according

to weight., 7 ardimals were asllocated to a plot to give a gimilzar
liveweight distribution and mean for sach plot. Tha mear stocking
rates during the trial were 36.1 and 79,7 sheep per hectare on the
medlum and high treatmzents. The numbers of animals on #ach plot
varied slightly over the experimental pericd (Jee Tsble II.1) as

ad justuents were made to keep the replicates similar in quantities
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of pasture present. reriod I (¥arch 31at to April 23rd) snd

rFeriod II (~pril 22rd to lay 14th) represent an arbitrary division
of the total experimentsl period into approximately similar periods
of % weexs to aid comparisons of changes in the pattern cf defol=-
lation with time and with decreasing helght and avallability of
pasture, h2 use c¢i short pericds of observation hus becen discussed
by todgescen (19¢iz), who fourd that for chorter perlods (179 dsys as
sgeinst 30 days,; the frequency of Jdefoliatlon tends to be sligatly
lezg thuan Uie lonser pericds. lie suggests that edge errcrs of the

v 4=
RV

3

short perioed may lesd so slli:ht unieresti ons of the [lrecuency
efoliatior,.
srior to Gl hLriuwi e sheen were gresed on cccrxcfoot pastures

sizilar to the exterimentnl swerd for 5-o days.

Y ] T - g I e | Y O .
2able Il 7, tockine rates,

. edium 5165

heep/viot |sneen/hectace| Sheep/plot |- heep/hectare

*eriod 1
(31 i'arch =
23 rpril) 76 41,6 Tolt 81,2
Leriod I1
(2% April =
14 tay) 500 10 % 7.0 76.9

Feriod T % II
(31 i'arci -~
14 iay) Ge® BE. 1 73 727

e metnods,

asture ..anagemente.
Un lFebrusry 23th the plots were closely mown, after being grazed
over the late sunmer period, to rerove as nuch dead material as

pocasibles decause of a drousht period over tne previcus spring and
suzuer, growth was neglijiible until the autuxn rains commenced in
mid-darche JFfrow then on growtn wos rapid and the experiment com=
menced on 318t narch at wiich time tne plots contained about 1250
kilogrems of dry metter per acre. <he height of the pagture was
6 to 10 cm.

for 3 years previous to the experiment the plots had received
an aanual application of 500-600 kilograms of urea per hectare in
3 dressinita, applied in August, kovember and sarch. ©On March 9th,



1970, 125 kilograms of urea was applied.

£iller Identification.

Iwo hundred tillers in each plot were identiflied by slipping
loops of plastic coated wire over them and down into the base of

the sward, anchoring the loops to the ground. These were located
20 to eech of 10 transects, 7.5 metres long. IThe loops were about
1C mrm ir diareter, made from 0.5 mm copper wire with a plastic
coating 0.25 nm thick (ilate 1 ),

The transects were positioned by dividing each plot into
five equal areas and randouly selecting a site in each aiea,
at euch site a pair of Lransects was located. The ends of each
trarsect were marked by 40=50 c.me lengths of "conduit" pipe driven
into the jround with only 4-5 ce.me. appearinyg above ground. The
transect line, a plastic coated clothes line marked at 30 c.n.
intervals, was placed in position at each observetion by perrnanently
attachied iron pins which fitted into the "conduit" pipes. The
position of the '"conduit" pipes was nurked with white wooden pegs.

Seczusde of difliculsy found in locating tillers nerkad singly
it was weclided tc nork tillers in gzroups of 4. ithin eacl. group
tillers were systenaticaelly zarted with red, white, blue and orange
markers. 7T'hese colours were used to aid relocation and alco to
nark dirferent age cate  cries of tillers. ned, white and tlue
markera woere cn tillers of greater than two leaves at the tinme of
marking; and clesceified 2g "old" tillers end orange loops nurked
tillersg of twu leaves at thne tire of marking and classifled us
"young" tillers. At the time of marking mature tllliers had from
3=5 green leaves, 80 that newly developed tillerz were murked us
those having not zore than two leaves. Tlllers of one leuf were
not marked 1n this category becuause they were often of very small
size in relaticn to the preater proporticn of the tiller pcpulation.
Lfter three weeks (at the commencement of Period II) a further "yourg"
tiller selected by the gaume criteria, wae markxed in each cluap
using a yellow loop. These were classified as "youngyest" tillers.
Tillers within a group were 4-7 c.aa. apart and clumps were never
closer than 20 c.m:s.

easurements.

(a) Individual tiller records.

At 2-4 day intervals (Jee Appendix II Table 1) all tillers
were examined and recorded as either grazed or not grazed. «hen
tillers werg xrazed the particular leaf grazed was recorded; the
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Plate 1.

View of plots showing transect in position

(upper) and grouped markers beneath the

transect line (lower).
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youngest at each observation -1, next youngest =2, and 80 on.
Freshly graged leaves were s8split with a needle to give a slit Z-5mm
long parallel to the leaf veins and running to the freshly severed
edge. The presence or absence of this slit at succeeding obser-
vations showed whether the leaf had or had not been grazed. This
method proved suitable giving agreement with green leaf length
measurements.

#"ithin each plot 3 transecte were randomly selected and at

each observation all tillers besides being recorded for defoliation
were measured for height, and for length of green leaf present.
The length of each leaf was taken as that from the tip to ground
level., This assumes that cocksfoot leaves are attached at or near
the ground surface in vegetative plants (See korris, 1969).

(b) Pasture leasurements.

(1) Availability and Growth Rate:
At weekly intervals samples 1.3 x O.3 metres were cut

to ground level from each plot (6 from low treatment and 4 from

high treatment plots) using a portable "3Sunbeam" shearing

handpiece. Each sample was welghed green and then bulked within
plots. A 40-50 gn sub-sample was taken, weighed and dried at
80°C for 24 hours in a "Unitherm" electric oven, and reweighed
for dry matter determinations. On & occasions 50 grams
subsamples were taken and subdivided for botanical composition
into green cocksfoot, other species and dead material. These
were weighed after drying.

Growth rate was determined by the Australian difference
method (described by Lynch, 1966). iithin each plot two

1.8 x 0,9 metre cages were placed on selected area, Jjudged

ag representative of the plot., After 2 weeks these were cut

to ground level and the samples dried and weighed. The growth

rate was calculated as the difference between the caged samples
and the availability at the time of placement of the cages.

The cages were then placed at different sites and the procedure

repeated.

(11) Pasture Heights:
On three occasions the average height of the pasture

over each group of tillers was recorded. Each record was

taken from the mean of 2 estimates per clump, determined using

a ruler standing on the ground.

(111) r Density:
On three occasions SO tiller cores were taken from each
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paddock and disected in the laboratory to deteruine the tiller
densities. These cores were taken with a 5 c.m. diameter tiller
core sampler of the type described by iltchell and Glenday
(1958), The tillers were categorised as cocksfoot, other
species and dead.

(e) Animels records.

(1) .dveweight:

following initial welghings sheep were weighed on two
further occaisions ueing "Avery" portable scales.

(11) Graging Tines:

Three sheep in esch treatment were fitted with "Xienzle"
vibrarecorders (describad by :llden, 1962) to deterxmine the
daily duration of grazing. ~fter % weeks the recorders were
changed to different sheep to avold undue irritation from
the harnosses.

Analvsis end Iresentation of Hesults.

The analysis of variance for the frequency of defoliatior was
for a gplit-gplit-plot design. The 2 sites were main plots with
subplcts of the 10 trunsects within each mainplot x treatment.
Turther subplots were then taken for the 2 perlods within each
transect. This experimental design has the advantage of l1ncreasing
the accuracy of determining differences in the sub-plot and sub=sub-
plot treatments. At the same time some accuracy is lost in the
main plot treatment, which in this case was stockinz rates. The
experiment therefore ensures a high level of accuracy when compering
differences between period I and period II, which represents
differences in pasture height eand availability. Less data is
available on the pattern of defolliation in relation to pasture height
effects than in relation to stocking rate effects.

- General pasture records, animal measurements and tiller znalysis
results are presented in a sumrarised iform in figures and tables
with standard errors for tabulated values. The data from which they
have bLeen derived are shown in .ppendix II,
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General and close-up view of the pastures

prior to commencement of Experiment I.




Close-up view of the medium stocked (upper)

and high stocked (lower) pastures at the end
of Experiment I.
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#rom 3imilar levels at thie cormmencement of the experiment
the totzl &ry natter under the medium treatwent =arrears to have
risen to nesrly 200C “ce/ha and then declined tc about 100G hgs/ha

f.

et the a»nd of tae Erial, 1% urder sha high sreatmeni the availatility

[rS)

ay.ears to nuve 3zcline’ cteadily to less thar SOC kes/ta at tiae

end of the trial. Usin: these curves an estimate of the mean
availetility under each treastmert was made. Jluring reriod 1 on

the high trestient the svallacility wse 1330 Fes/ha snd during
pericc 11 SO0 | .ef/ta. ror the =aze ;eriods oan t»e medium treatzent

the mear availalilities were 1907 zpo/ha and 1500 VYis/ha resypectively,

)
3
(s 8
e

clzbee 2 and %2 show the ax of herhare rrescrt on the

D

pastures at the cosmaencewcent znd end of the experiuient.

140y GAPewtl: iates.
(

‘he awean daily growtlh rastes are shown in Table Il.2. 3ecause
of the Jdiificulty in choeslis, representative cites in 2 sward arnd
2 snall rizher of gamrless y1er plot Lie ceoefficiernt ol variation
veries consideratly vet

ween regords, from 2.1 - to 76.6., iiosever

- > O ~ 3 £ 8 3 w - ¥ 5 ALY T T o N -3 R ) 4

the patterr i1s for the high .rovith rates as the coumnmencewent ol

L -y 1 Aty - ~ 3 P < « Jovyn g v b i § - -} I - £ - -

the esiorimEns and feilines Sy the trdals t the end of jeriod 11
- 3 - & v } < . . ’? G 3 ) v oy = o e g bl

there e naslioibhle rowtn on Lre Bivh treatuents but still g lov

rate of ;rowth on the nedium treatrent, P1e initial uicn rates of
crowth are rrobably due to the very favouraltle nitrooen conditions
alter the gunaner dry period and the addition of further nitreoger
fertilizer, e rate ol declire in srowth rate uncer the high
trantrent i1e considerably greater then under the medium treatuont

pErticulsrly during period 1il,

Table .2.2. ‘'ean alily Growth .cates (Lxs/ha/day) .

Stocking rvate.

tedium [ ... of uean Tigh

1+

., of mean

3C fgrch to 1% April {509 9-87 P?of) 2074
15 ﬁfril to 50 Lpril ZQ.C Ce2C Sqog 1%.25
30 April to 14 ‘ay 29,0 c2.20 C.C 4,7

(ii1) sotanical Composition.

fhroughout the experiment dead matter represented a high
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proportion of the total dry matter under both treatments
(see 'able 11.3). Amongst the green component species other
than cocksfoot were a minor part of the herbage available.

The main contaminants present were perennial ryegrass, . .-
po& annrua, poa trivialis and Yorkshire fog (llolcus lunatus L)e

Under the high treatment, the relastive contriimtion
of green cocksfoot fell, and the dead matter rose during
the experiment. However this trend was reversed under the
medium stocked treatment, with the % of green cocksfoot
increasing and the ,» of dead materiael declining.

Table II,3. Botanical Composition (. dry matter).
Yedium 3tocked High Stocked
Date Cocksfoot | Cther Cpp.| Dead | Cocksfoot | Gther Spp. | Dead
31 iarch 3646 5.4 58,0 50.6 11.9 37.6
23 April 23.0 6.0 71.0 21.6 4,9 7346
14 Liay 44,3 1341 42.7 34,0 13.6 5245
(iv) Pasture Height.

2 treatments are shown in Fig. II.2.

The changes in the height of the sward under the

These height measure-

ments are taken from the same tillers sampled for green leaf

length.

These neasurements agreed closely with estimates

made on three occasions of clump heights and are therefore

used as representative of the pasture height.

ment.
leaf length occurred during Period I in bdoth treatments.

Under the high treatment the sward was always shorter
and the green leaf length less than under the medium treat-
The greatest rate of reduction in height and green

During period II although a further reduction occurred the

swards remained relatively uniform throughout.

The mean

heights of the sward during period I were 62,0 mm and 26,1 am
for the medium and high treatments and 36,6 mm and 11.9 mm
respectively during period II (See Tabls 1X.4).
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Pable II.4. Dlean Heights (wm) and Green Leal Lenpths (GeieLl.) (mm)
of liliers

medium tLtocked ulgn -todied
lieignt : ::- 124 G‘Q})QJJO : ;’O-J.o ﬁeight : e.ive Go Iloi:o : -s.bo
Jeriod 1 CHINY; 7el7 54 2740 D6 éa /el 26 191
sericd I1 Sihwe T cel? 28 10,0 1149 032 Ly 3.1
Period
I 6 JI 45.4 Dol 15C 13,6 2O 2e11 32 21.1

{(v) ™ller Countse.
“he tiller ccunts for each treatuaent ace sumnarised in

fable il1.5. rrom similer deneitclies at the commencement ot the
experlasnt tiller numbers increasel cver 100, under the medium

treatment and neurly 50 under the high treatncut. Tals

3

s . - j Q Elay  waen SO e >
iccreese was due to an lncrcase in oo mumber of cosksfoot

-4 1 5 =T £ O o AT A 3 . ; ]

tillers and aleo those of the contaninant gras=ses, particulnrly
PP (N A7 Al o~ -nd ~ 4}~ = e 2 = B R g 5 3 y 2w 2o

D08 SECCL2S, AL eliGUS oGlier soecClilus T Lk eS¢l a Afal e el

e s

rertion of total tillerc they werce for the mest pert very small
in sige es is indicated by the mucrh smeller consriovution of
"other species” to the total dry westter availsble (lable I1I.3),
The numbers of dead ¢illors declined under the mediuw treatment
but increased under ti:» nisin treastment. The reletively low
nunber ¢ dezad tillers contrasts with the high sroportion of
total éry matter tkat was dezd materinl, suggsestin~ that at
least some of this dead meterial must have been conming from
deatn of leaves on live leaves z¢ well rs from dead tillers
per se.

‘?he difference in the rate of increase in tiller numbers
undier each treatuent is due moinly to the unequal increase
in the nuamber of new cocksifoot tiliers. This wus seen in the
proportion of cocksfoot tillers that could be cntegorised as
"young" at each observation (2 leaves or less). These fell
from 34,9, to 16,45 under the high treutment =znd from 36.%%
to 13,24 under the medium treatment over the period March 29
to iay 12.
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Table I1,5. Tiller Counts (numbe:[gi).
liedium Stocked !
Date Cocksfoot | ¥ .. Other 8DPe fo.i. pead t 5.k,
29 karch 5150 500 L0 724 540 214 |
25 April 7120 954 1860 607 480 51
12 kay 11800 1290 3330 1637 82 8
Xean 8023 1472 2290 573% 367 144 1
High Stocked J
29 March 5850 806 1660 923 1%2 97 |
25 April 60860 291 2540 867 428 71
12 lay 7120 . 326 3880 e48 32€ L2
Vean 6350 | 391 2690 645 | 296 87
Table Il.6. Xean “eekly loss of Tillerg by Uprocting from
15 April to 12 ey (number/m®).
Hedlum Stocked iligh “tocked
Jocksfoot|% SE [Cther spp51 cE|Dead |E sk [cocksfoot| & chébther 8pp ¥ siibead| ¥ SE
8%  |15.4 24,2| 26 [19.7 | 129 |23.9 68 | 7.7| 30 | 4.8
| ! i

After about two weeks uprocted tiilers were noticed omn

the plots and in lsrgest quantities under the high treatments.
fince the quantities appeared to be signiiicant an attempt was
In each plot

made to eatimate the magnitude of the losses.
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6=0.3 metre-square guadrat positions were marked and at 2-4

day intervals were examined and the number of freshly uprooted

tillers recorded. ‘hese tillers weres categorised similarly

to the tillers counts and the results are shown in ‘‘able I11.6.
Under the high stocked treatment approximately 2: of the

cockafoct tillers were uprooted each week and under the

medium treatment about hulf this. Towards the end of the

experiment thie nuuber of tillers beiny uprooted was declining

under the high treatment bLut increasing under the low treatment.
The percentage of other species uprooted was 23» and

2’ . and tae perceuntase of dead tillers uprooted 105 and 7%

under the high and msdium treatments respectively.

tnimal lecords.

(1) Liveweight.
he chanzes in mean liveweiczhts are shown in Table Il.7.

Jrom similar livewei,;kts at the commencement of the experiment,
the ewes under the medium treatment gained welicht sipgnilicantly
(5.) while the ewes under the high trestment lost weiht
(significant at 10.). Cn the medium trestment the gain in
weijsht was significant during both periods and on the high
treatment the lozs in weight was gignificant during »neriod .

fable 11,7 Livewelsht Jhanges of twee (8.

Ledium Stocked tilgh Stocked
Date liean ns “elue 0f mes&n «wean x -exe Of mean
31 Jarch 42,91 1.55 42,00 0.79
22 April 4G.26 1.55 40,25 0.79

(1) Creging Times.

The mean daily grazing time for the sheep en the aigh
treatment was 9,22 hours compared with 8.43 hours on the
nedium treatment, as shown in [lable II.8. ‘The differences in
grazing time were less during period II than period I,

irom period I to period II there was a slight increase




- 37 -

i n grazing time under the high treatment but under the medium

treatment grazing time increased about 1 hour 40 minutes.

The

pattern of grazing under the high treatment during period I
showed that during the first week there was a relatively low

daily grazing period of 7.08 hours but in the next 2 weeks
the rate rose to 10,00 hours - higher than in period II.

7able IleBe

Grazing Times (hours/day)

lledium Stocked liigh Ztocized
No. of | lirs/day|% 5.:.|2ange| Lo. of | hrs/day] ¥ ... Range
animals enimals
reriod I 2 7.55 0,453 |43=10 3 9¢14 | 0,680 | 32=152
Period II 2 9.31 [O.204 |6-=12% 3 9430 O3 | 74-112
Period I & II 8.43 |0.880 9.22 0. 80
Loss of .lecords.

‘The average number of originally merked tillers surviving at
the end of period I was 174 in the high treatment and 19% in the

low treatment.,

127 and 184 respectively.

3y the end of period II this number had fallern tc

(f the 50 "youngest" tillers marked at

the beginning of period II, %26 and 47 survived in the 2 treatments
respectively.

marked tillers, displacement of marker, uprooting of tillers
decomposition of tlllers.
such as complete defoliation, urine burn, buried under dung,
into ground etc.

The loss of records was due to failure to locate

The largest number

bigh treatment during period II (Gee

period II were significantly greater

12 were white, 11 where blue and 13 where orange.
were not significantly different.
yellow loops at the beginning of period II 7 were lost.

of losses occured under
Table II.9).

and

Such difficulties could arise for reasons

trodden
the

The losses during

than those in period I for the
high treatment but not for the medium treatment.,
Colour of loop seemed to have little effect on the losses,
15 records were lost where tillers were marked with red loops,

The differences
Cf the tillers marked with
The losses

of records per transect varied considerably within treatments and

plots.

Cn high plots the losses ranged from 3 to 14 and on the low
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in each Catezory.

lledium Stocked

High GStocked

Period i'eriod 1 Period II Period I Feriod 11
No. tegped (mean of
2 plots) 200 225 200 250

Total Lost 7 10 26 54
Uprooted 2 1 6 8
Displaced 2 R, 9 30
Deatn due to comdlete

defoliaion 0 1 “ 0)
Death from otaier causes 3 4 7 10

|

Weilte = not recorded

vlots from 1 to 4, Cu plot 1 of the high treatmenli the losses on
cransect 10 were sigrificantly greater than those un transects 3 and
4 but sithin other plote there were no significant differences
Letween traasects. The higheet losses on the high plots were
otserved on transects wlhere tiie cocksfuot plants showed & very
pronounc2d crown. When the sward was very closely grazec tillers
appearcd to be readily lost by uprooting.

Defoliation of tillers.,
(a) Frequency of Defoliation.

(1) All Tillers:

Sixteen observations (9 in period I, 7 in period II) were
nmade for the high treatment and fourteen observations (7 in

each period) were made in the medium treatment. By comparing
the meugurements made oun successive dates, assessments were
made of the defoliastion of individual tillers tetween obser-
vations (Table 1I.10). Individual tiller records contributed
to a ciump mean (4 or 5 tillers) because tillers within a
clump could not be considered independent because of their
close physical proximity. Because of lost records, for reasons
already described, some clump means were not availlable and
so estimates were analysed as the mean frequency per transect
rather than per clump as was planned.

On average tillers were grazed once every 5-7 days under
the high treatment and every 7-8 days under the medium treat-
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ment. The frequency under the high treatment was signiricantly
greater than under the low treutment. 7The Ireguency of
defoliation decreased significuntly tfrom period I to period II
for the high treatment but shewed a siight non-significant
increase for tne medium stocked treatmente In both periods the
frequency under thne high treastment was significantly greater
than under the mediux treztuent,

Jhe differencces Letween transzects were tasted using
Juncans Luitiple ange lest (wuncan, 1955). shile differences
existed bLetween trunsects of different plots, there were less
significant differences within plots. <& the 5. level of
gignificance trunssets 7 and 4 on plot 1 of the high treatment
were significantly less than transect 2, and on plot 2 of
mediuz treatment transect 5 was significantly greater Lhun
transects 1 and 10. These differences suisgest that sone
areas of the plots were srazed less reyularly thsn others,

Table 11,10, Freguency of Defoliction {(days between defclictions).

Interval between each defoliation

iedium | .5, of mean liigh ¥ .5, of mean
Period I (24 days) 8.1 022 5.0 0.07
Feriod i1 (19 days) 7.7 0.20 649 Q.22
Period I & II (43 days) 7.3 .07 5.4 0.02

Le3.D. period x treatment = 0.45 (54)

For each observation date the grazed and ungrazed tillers
were coampared by the length of green leaf (G.L.L.) present
before defoliation. Tabdble II.11 shows the G.L.L. as well as
the heighta of the tillers. The G,L.L. of grazed tillers was
generally greater than that of ungrazed tillers. f{he differ-
ences were significent (using esn unpaired test) at the 5%
level or better for 9 of the 11 observations on the medium
treatment and in 7 of the 16 observations on the high treatment.
The heights of the same tillers show that the graged tillers
were also always higher than the ungrazed tillers prior to
defoliation. The significance of these differences was not



Tgble 2ds s

Yean Green Leef length and ieigbt of Graged and Ungrazed

T4llers (cm) Before Grazing.

¥eciun. Stockeds

Date Eenn (el U Hieight
Grazed tngrazel 6. & srazed Unoragzed

8 4pril 32,55 24483 ree 10,52 7.20
49 v 27.98 18,54 " 7.9% 32
w " 22,65 17,88 Ge 6438 5497
» E = P82 12.85% - 5.96 , 4460
20 " ' g 12,7t . 4,92 | 3.9%
23 13,326 | 10.30 . o 4433 | 3.4
27 » 13,78 1170 v 3,69 | 3.
30 * . 13,27 9.8 i - 3,56 2,45
2 iay 10457 | 8407 £ 2,98 | 2424
o n 3455 | 7085 L liede ] 2437 | 1.97
9 o 8478 Wy, | v | 2.2 | 1.95
; L : i
Bigh “tocked, | f !
BO Karech  19.30 17453 RS, 6e3% | 5e€5
8 April 27 .28 14,81 . L8009 | 5¢77
g n ER'Y. 14,58 . 7.2 5450
9 12,01 10,95 Waiis 4,28 | 6
19 o %13 7.30 . 2,99 | 2,45 |
13 €.46 i 5429 L Nede 2.35 | 2,01 |
15 » 5.03 | 4456 R 2.1 | 1055 |
8 " €.00 i 4,73 ; e 2.20 | 1.35 |
20 " 5.28 | 459 | K.S. 2.0
ga " 4,27 L 37 .73 | 136 |
a5 3467 ' 3439 . N.S. 1045 1.4 |
28 " 5413 L 8,59 L .8 1035 | 1,17 |
3 " - 5457 $ 5463 | OH.S. 0 e84 1.13 |
2 Lay | 5.21 4,45 | . L 1031 .37
5 " L 4,47 ’ 3.95 L oHese L 104 1,00
g | 4450 S - ) L1007 1,06 |
! | , ;

* P = 0.05 *¢ P 2 0,01 *** P = 0,001



tested.

The pattern of tiller selection was also examined by
comparing the subsequent frequency of defoliation of tillers
grazed or not grazed at the beginning of the recording period.
Those grazed during the first 8 days under the medium treat-
ment were compared with the ungrazed, and during the first 3
days under the high treatment. The results are shown in
Table II.12. Under the medium treatment those not grazed
initially were grazed significantly (0.1%) more frequently
than those which had been grazed previously. By comparison
in the high treatment those tillers not grazed initially were
subsequently defoliated at a similar frequency to those
previously grazed.

Table II.12. Subsequent Defoliations of Tillers Previously Grazed
or Ungrazed (no. of defoliations)®*

Medium Stocked High Stocked
Grazed before Ungrazed beforevGrazed before Ungrazed before
8 April 8 April 3 April | 3 April
Ho. of tillers 113 254 46 ? 207

!7.27 ¥ 0.157

1

No. defoliations 5.22 ¥ 0.174 5.77 % 0.105 7.76 £ 0,280

* per 33 days for medium and 38 days for high

(b) Severity of Defoliation.

By comparing the mean G.L.L. of tillers before and after
defoliation an estimate can be made of the severity of
defoliation. To this figure a correction is applied for the
growth occuring between observations based on the mean increase
in G.L.L. of ungrazed tillers over the same time interval. The
results are expressed as the mean G.L.L. removed per defoliation
and to this value expressed as a percentage of the mean G.L.L.,
available per tiller before defoliation (See Table II.13 and
Figure II. 3(A) and (B) ). The mean number of tiller records
contributing to each estimate in Fig. II1.3 18 50 (range 21-70).

Over the experimental period there is a steady decline
in the G.L.L. removed under both treatments, levelling out
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during period II. The mean G.L.L. removed was significantly
greater under the medium treatment than under the high period
and during period I than during period 1I. The length removed
from tillers in the medium treatment was significantly greater
than the high treatment during period I but during period II
although the difference was still quite marked this was not
gignificant.

“hen the severity is expressed as a percentage green
leaf length removed, 33.29% of G.L.L. was removed under the
medium treatment and 36,71, under the high treatment. This
difference was not significant, There was no significant
difference in the *» removed in either period or within a treat-
ment in either period. liowever the ,: removed remained constant
under the high treatment but declined under the medium treatment.

Table II1,13. Severity of Defoliation of Individual Tillers as
Length of G.L.L., (mm) and as Percentage of G.I..L.

removed ((o).

nm ts.E. % ¥ s.E.

Period 1 Medium 88.44 9037 36051 3036
High 41,93 9,37 36651 3.36

Period II . Medium 33,33 9,37 30451 3436
A High 17,28 9.37 36.97 %3¢36

Period I and II  Kedium  58.38 6.50 33,29 2.33
High 31,14 6.50 36471 2.33

(c) Age Categories of Tillers.
"Young” and "old" tillers were compared for frequency

and severity of defoliation during Period I and during period II
a further category of "youngest" tillers was also included.
For estimates of the frequency, records from only one repli-
cation (plot 2 in both treatments) were used. The results
are shown in Table II.14 (a) and (b).

During periocd I there was no significant difference
between the number of defoliations for either category of tiller,



However during period II the "youngest" tillers were grazed
less frequently than "young" and "old" tlllers on the medium
treatment, whereas on the hign treatments sll tillers appeared
to be grazed equally.

The severity of defoliation was calculated from all
estimates of individuel tillers within a category in each
period rather than the mean of the categories for each
observation interval. This was done because of the small
number of available records in the "young'" and "ycungest"
categories at some observation dates, Under the medium
treatment "old" and "young" tillers appear to be grazed with
similar severity in each perlod. 'hile the "youngest" tillers
nay be grazed more severely duripg period II this may be due
to the small size of the sample. Under the high treatment the
most noticeable feature is the lower severity of the '"youngest"

tillers during period II especially in relation to "young"
tillers.

Table Il,14(a) Frequency of Defoliation of "uUld", "Young" and
"Youngest" tillers (days between defoliations).

Period I Period II
cld [¥ L.2.|Young|d C.E. ©ld|E s.bL.|Young|¥® ..i.|Youngest|t S.b.
Kedium|7.9 | 0.34 76 0.38 Be7| 0.28 6.9 0.4% 10.5 1¢23%
liigh 4,8 0,18 4,8 0.14 o3| Oe21 61 057 Ce3 Q.47

LeZeDe (period I1) category x treatment = 2,67 (5#)

Table II1,74(b) Severity of Defoliation of "Old", "Young" and
"Youngest” tillers (J G.lL.iL. removed per defolistion)

Feriod I Feriod II
Gl4 Young cld Young Youngest
edium 28,70 30.79 28432 29.85 35.09

igh 36477 30.75 34,78 41,11 26,58




= 95 -

(d) Defoliation of Individual Leaves.

The pattern of leaf selection within tillers was
exanined by comparing the number of tillers with leaves
available in three positions; 1 - youngest leaf, 2 -~ next
youngest leaf and 3 - an older leaf, with the number of
tillers with the same leaves grazed. The estimate of the
gvailaeble tillers is made from the transects on which the
GeLe.ls was measured. The results are snown in Filg. II.4,

The leaves in positions 1 and 2 were selected more
frequently then those in position 3. During period I nearly
all tillers hual three leaves avalilable for defoliation but
during period II there were fewer tillers with a third leaf
particulsrly under the high treatment. <The selection of
lcaves in each category was very similar over the experimental
reriod for each treatment. However because of the marked
¢ecline in leaf number under the high treatment there was a
greater proportion of the avsilalle third lceaves selected.
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Discussion.

(1) of Techniques.

As a preliminary to discussing the experimental
results it is necessary to examine the validity of the
techniques and also any limitations these muy place

on the results obtained,

Pasture kieasurements.

In this study pasture measuremnents have been used to
define the changing conditions of the plant enviroanment
which the animal is defoliutiing as & result of voth the
changing ciimatic conditions and the action of the sihee)
itself e.g. treading, defoliation and the return of dungz
and urine. The measurement of total dry matter available
was affectad by the difficulty of cutting material equally
to ground level on an uneven surface and this probebly led
to seeningly high estimates of availability on some dates.
As plots decreased to very low availabilities (e.g. under
high stocking rate) it is possible that more soil tended
to be picked up in the sample, using a shearing handpiece.
This could have the effect of slightly overestimating the
availability and possibly altering the botanical composition.
The unusually high dead mstter content on iay 12th may



-48-

have resulted in this way, a8 the dIY matter assessment
had, of necessity, to be taken veory close to tne soil
surface,

the estimate of growth rate represents the balance
betwean new growth and losses asgociated with death and
decomposition. 2esides the difficulties menticned avove,
the selection of the caged sampling site as beinyg represent-
ative of the whole pasture may have added a further
limitation to accuracy. The hign standsrd errors of the
estinates probably reflect these difficulties. It may be
possible to "pair” a single open cut with a caged cut to
determine more accurately the growth rate (Lynch 1966,
Pe74)s 7This method was used for kxperiment II,

I'ne method of determining the mean height of the
pasture has been discussed (pe.26). <his very siample
technique seems well sulted to evenly grazed dense pastures.
1ts accuracy may be rsduced when pastures arec taller and
variability is greater; as nay have occurred at tha
beginning of the experiment with the characteristic
"patcny" effect (..ee Ilatas 1 and 2).
illler Identificaticn.

The technique of tilier identification was essentiolly
siuiler to that described by Hodgson (1966, 1969). A
significant difference however between this experinent

and those reported by ilodgson was the smaller nuzber of
lost records in thls experiment. There are a nuamber of
possible reasons for this. By rlacing merked tillers
together in clumps only rarely was a marked tiller not
found at a subsequent observation. Hodgson (19569)
observed quite high losses due to uprooting, complete
defoliation, and death due to conplete defoliation. The
difference in this experiment way have been due to the
structure of the cockafoot tillers compared with those of
ryegrass. DBecause leaves are anchored at or near ground
level there may be less stem for the animal to grasp and
uprooting of the whole tillers may be less likely. Ctaer
factors associated with soil structure and root develop-
ment could also be important. In tkis trial completely
defoliated tillers were not categorised as lost records.
It was considered that they were still very much part of
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the defoliation pattern and that to exclude them may be
giving an incorrect picture of the true defoliation
pattern of the whole pasture. In this experiment very
few deaths occured as a result of complete defoliation.
“hig 18 possibly accounted for by the position of the
growing point of cocksfoot at this time of the year,
which aunpears to be approximately 10 mm below the soil
surface (see “xperiment IT).

The loss of records was greater during period II
than during ieriod I. Thie was probably due to the
shorter sward conditions enabling markers to be rmore
easlly 1liftel and displaced. Also during period II tillers
were uprooted nore easily. 7This effect was particularly
noticeable on areas of the paddock where the cocksfoot
had developed a high crown and tillers appeared to break
off more easily.

The colour c<f marker rings and their effect on
grazing sheep has nreviously been diccucsed (Hodgson 1966,
1969; Hart, 1970). ©This study showed very little
varietion in losses due to colour of markers; however
none of the colours used was similar to that of tha sward.
frequency of Defoliation.

The frequency of defoliation may be slightly underestiimated
due to the short period of observation in each period of

the trial; also due tc edge effects and because of the
possibility of individual tillers being defoliated more
than once between observations. ‘lthough this latter
situation is poseible it is unlikely to have cccured very
often because the mean observation interval was quite
short viz. % days for both treatments.

No measure was made of the effect of handling on
the growth of the marked tillers which has been shown to
be of possible significance in cocksfoot (Grasslands
Hess Inst., 1967). If such effects occured the pattern
of frequency and intensity may vary slightly.

Severity of Defoliation.

The estimation of G.l..lL. based on the measurement of ell
leaves to ground level may not give a true indication of
the pattern of change in green leaf elone on tillers.
The length of some leaves would have included a sheath
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component and some of the youngest leaves would have
been partially enclosed by older leaves. These regions
may be less sctive photosynthetically than that of the
lamina, as has been shown to occur in other members of
the Graminae (lhorne, 1969). <Ihis means that estimates
in this study may underestimate the severity of defolistion
of the individual tiller. 4ilsc estimates when compared
with those made by :nodgson, based on green lasmina alone,
ray be & little lower. It must alsc be rerembered that
though dead or brown leaf was not included in the G,..L.
there were different ages of leaves present representing
a range of photosynthetic efrficiencies; efticiency
declining from young to old leaves.

(11) Cf tesults.
sasture ‘easurementSe

1The pattern of declining availability during tie course
of the experiment 1s the result of the effect of reuoval
by defoliation, the declining growth rate and losses by
deccmposition. Because conditions were quite dry during
the course of the experiment it is likely that decomposition
losses remained relatively small tliroughout the experiment,
as suggested by the work of Floate (1970). ile found that
the rate of decompositiorn of pasture was greatly reduced
as the moisture content of the soil declined., ‘he rate
of decline in availability of the high stocking rate
treatment was greater than that on the medium treatment,
which would be expected from the difference in anirmal
nunbers. It is unlikely however that the amount of material
reroved from this treetment was twice as great as that
removed from the medium stocking rate treatment throughout
the experiment, i.e. reflecting the difference in animal
pressures., The reasons for this assumption will be
discussed. ilso the fsll in growth rate was greater on
the high stocking rate treatument than on the medium treatment,
The declining growth rate follows an expected autuman
pattern due to decreasing solar radiation and temperature.
iiowever additional factors, due to the presence of the
aninzals probably influenced this decline. Because of the
prevalling dry conditions, and close grazing which developed



especially on the high stocked treatment during period II,
drying of the surface layers of the soil may have slowed growth
through a nitrogen shortage (litchell, 1957). Cocksfoot is
also susceptible to treading (idmond, 1966) and close defole
iation (Brougham, 1960) and this may have further reduced
growth, particularly on the high treatment.,

The pattern ef change in height was related to the change
in availability with a decline over the course of the experiment,
after a temporary rise. :After this rise the height fell at a
faster rate tban the availability which would be due to the
low density of dry matter near the tcp of the sward. [he rate
of decline in height was considerably reduced during period II
as the more dense region of the sward close to ground level
was reached. This increase in density at lower levels was
enhanced in this study by the high rate of tillering due to
favourable lignt, temperature and nitrogen conditions, partic-
ularly initially,

15 is difficult to devermine whether grazing had any
effect on the pattern of tillering. investigations under
controlled conditions show defeoliatior invariatly reduces tlie
rate of tillerin; although tnis may be for only & short tine.
However under fi2ld conditions the results are mcre variable
(Lange:ry, 1963)., cCutting or grazing msy increase tillering
by improved light conditioas at the bese of the swarc, (Iitchell
and Coles, 1955).

¥hile tiller density increased during the course of the
experiment this was at a declining rate, the decline being nore
marked on the high treatment than on the medium treatment.

This decline in rate wes probably due to the declining conditions
for growth of the plants with poorer light snd temperature
conditions as winter approached. The differential rate of
decline on the two treatments may have been due to the greater
treading effect exerted at the higher rate (tdmond, 1966).

The chenge in botanical composition indicated a greater
proportion of dead material on the high treatment. This
probadbly does not represent a greater amount of dead material
between the 2 treatments although under the high treatment a
greater number of tillers may have been destroyed by the
animals uprooting and treading but more reflects the closeness
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of grazing of the two pastures. s availability declines

and pastures become shorter the dead mdterial present mainly
at the base ef %the swrid contributes a grealsr prupcrvica to
the available <ry matterse it 15 liaely thal deau wubter wss
riore importunt in the diet of the shuger on the high treatwent
than on the medium Lreatuent odecuuse 0f this ciouenesg of
IRZine

Animal .ecord..

The crnunges in liveweisnt under tae twoe treatuents indicase

tne erfecte of the pasture conuitions on aniz&l perlormance
since it is unlikely th&t otlinr factors sl'i'ected tite animals,
. e fdisease. ‘‘he pueture mry vary in gquualit, or in such a
way as tc affect the sninals' inuskes Chnuer the present
conditicns it is nct likely tnat quality airfered greutly
between tlie two treatments as bobth reprecented zutumn regrowth,

- 2 < h oo, T > ST be ~ - y a9 ? o
however gheen on the nigh tre tment aa; heve consumed a

,,a

greater cusplity of decd aat Yasn bhelr Lediua stocked
counterparta. ‘che azjor luctor involved in Tthe performance
differences was probably differences in intaka.

L nmumber ¢f investigators have examined the elffect of
avallabilit; on intake and perflorannce ol grazin. sueep and
nave found an asymptotic relationsiilp, with wazizun intaxe
and performance veing realilsed iln bLie range ol 10D Kg8 el
/hectare (either gmreen or total) up to about 2000 kgs/hectire
{41l1llouszhby, 19593 - liden, 2423 wrnold, 1J0%)e <Ihese
studies were under .ustrcllian pasture conuitiouss using merino
sheep.

Table 11.15 ghowe the rclationships between herbage
avellable and animal performance in this trial. Ihe pattern
of apnimul perforreance obgerved shews agreement witn the
cases cited, as thne pasturee cn the mediuw trcatient had a
mean avallability greater than 1500 kgs per hectare in each
case while those on the high trestuwent were slightly ovelow
during period I but comnsiderably so during period 1I,

However, merely to estsblisnh a relationsaip vetwesn
intake and performance and availability may oversimplify the
explanation. Oome investigutions heve founcé little or no
relationship between intake or rate of intake and pasture
availebility but have found pasture spatial arrarngements,
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Table II.15. VYarintion in Jome Aninal and I'amsture .arameters and

taelr Interrelationship.

Jediun nigh
seriod I| seriod il| seriod I |ireriod II

e ogt Thangee (:.g8) +3.4 +249 ~1.7 -0e3
i'agture fgt (cm) Ot 2.6 ot 1.2
Potal ... avail. (100 £gs/hal  18.0 1540 %, 0 5.0
areer. N.l.. Avail. (100 rngs/ha) 8Be2 745 SelJ 9.5
Stocking Rate (sheen/ha) 41,6 30.7 B1.2 70

Total l)..../Eheep (I\EB) ""507 50.0 16e2 6-5
Green ).id./sheen (Kes) 19.6 24,4 73 3.0

height anrnd density, to be vury closely related to the rate of
intake (. heeler, .iesrdon anda ..ambourne, 1963; 1llden ani
~hittaker, 19470). The latter workers found that as the

heignt of the pasture (wiuwera ryegrass .. rigidum Gaud)
decreased from 7.7 cm to 3.7 cm tne rate of intske declined
seven=fold rron 7.1 g. dry matter/ain. to 1.0 ems D. ../xnin.

T'he animals were able to comnensate to soue extent for this
reduced intake by increuging yrazing time, In tnis triel thne
differences in height of nasture between the treatments during
periocd I wase of a similar order of magnitude (6.2 c¢m to 3.7 cm)
and intake probably declined ss a consequence. iowever during
period II the intake on both treatments should have been further
reduced, wnich does not appear to have occured under the

medium treatment. ‘The increase in density of the pastures

over period II, in particular on the medium treatoent, 1is

the prcbavle explanation for this difference. In :llder and
7hittaker's inveatigation thne pasture density was considerably
less tnan those observed in this trial (availability at 7.1 cm
was less than 500 kgs/ha (treatment J, experiment B) compared
with over 1500 rRgs/ha at about 3 cm in this study (medium,
period 11), which may well have allowed the animals to maintain
intake on the mediumx treatmeut during period II in this trial.
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Hecently Scoffield (1970) has suggested, for pasture
similer to those used in this trial, that intake becomes
linited cnce the available green matter falls below 12C 1lbs
/enimal. In this Investigzation the total avsilatle dry
natter per animal exceeded 100 lbs/aninal in the medium treat-
ment during both periods but never approached this level at
any staje 1a the high treatment, The cbserved changes in
livewel tht in the two treetments surrest agreetent to hils
suggestione. JThe short-=term nature of the prasent expericent
mey have had some effect on animal intale through compensstory
intake and growthe. liowever the d4iffergntianl effect of an
enhanced incake on the mediun treatment and a reduced intake
cn the higzh treatment, particularly 4during pericd I, wculd be
unexpectad 1f the animale were coumpenszating for a previous
poor nlane of nutrition. secause the ewes used were 4ry
apnetite drive would not be expected to be as reat as that
from preiznant, lactating cr younger animals and under adverse
pasture counditions atfectin; nrehcasion. Under such conditions
intake would probably decline mcre readily. ‘hils reduced
aprpetite drive may alsc explain the very small differences
observed in grazing times betwecn the two treatments zni the
relatively low ceiling (about 9} hours) reachad even under
the extrame conditlons.

ratterna of Defcliation.
(a) Frequency of .efoliztione.

The estimutes of the freguency of defcliation in tids
short-term experiment werc similar to thoze observed tor
high stccked treatments on continuously grazed ryegrass swards
in ngland (Yodgson 1966, 1969). The pastures in those
studies were sgimilar in density, height end availability to
the cocksfoot pastures in the present study. Those studies,
together with the results presented there, found defoliation
to be very frequent, every 5 to & dsys, at high satocking
rates (7% - 95 sheep/hectare) but at lower stocking rates
(25 - 40 sheep/hectare) the frequency was only slightly less
at 7 - 14 day intervals.

In this experiment, while the differenceg in frequency
between stocking rates 1s significent in both periods the very
noticeable feature is the sharp reduction in the size of this
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difference durin; period ii compared with period I. This was
due primarily to a reduction in the frequency under the high
treatiient bdut also a swall rise under the wediux treatment,
In fact had tie stocking on the medium treatment not been
roduced uuring veriod ii vhe freyquency may nave been even

;Y

highera. ha cuamge in freguency on the mediuxz treatment
follows Ll petiern wulceh nuas been found tu vcecur iu other

sl LM LOEE #lerc availablsity s WeluckBd. .orris (2969) found
thaet for luubs grezing cochisfcoot pastures «t the sune stocking
rate tue freqguency of defoliation vuoried inversely with the
leal wrea invex e.ol.) Of the pastulle .8 .. oLs declined

the irecuency incressed. wreenwcod ana ..rnold {1963, also
ovserved the sreatest irequencies of defoliution when availabil-
ities were leawty in this crse with merino shec) grazing an
eLel lo, annual gross swarldd. iJhe mechbanisi of this frequency
clhaa e 1s ,robably tiwouch a reduced size of ovite occurrsing

as cagstuites vecovwwe sihorter ((llden and .aittercer, 1970) necess-
itatin o change ia srazing; behaviour as the auimal endeavours
to naiztoin intikes The nuwmber ol bitves per day increuses as
Liwe rate of LLiting and grazin, tike is increased (Arnold, 1963
=nd othwera)e. This would lead to a wore frequent defoliation of
tae individual tillers ol a pasture,

Jhie reductlon In frequency under tiie high tresatumeant nay
also e due te adastations in the grazing vuaneviour of tue
gucey ascsocliated with pasture conditions. 1he eflicieuncy of
these adaptations to changin. pasture conditions l.e. lancreassed
rate c¢f biting snd grazing time in reldation to their ability to
satisfy intuke have not been determined. iHowever what is
more definite is thut both of these adapltations are limited in
the degree of chenge possible. The present suggested reasons
for the limite observed is fatigue (icilymont, 1967; Arnold
and Dudzinski, 12¢9). ¢nce the maximum limit is reached this
zay either be msintalned e.g. in grazing time,or as for the
rate of biting, only be able to be waintained for a short time
and will decline again for mest of the day.

i8 suggested, adaptations will start to occur when the
size cof the bite declines. In this experiment no direct measure
of size of bite was made but one of the calculsted variables,

tho G.i.L. removed per defoliation (mm) is probably related to
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the size of bite, In pastures of even density this paraneter
would be woll related to size of bite. The changes in the
Gelel. removed (am) per tiller are shown in 7ige IZ. 3(4)

and these show a sharp decline soon &after the ccumumencement of
the experiment under the high treatment, Jespite tie incroase
in pasture density through the experiment a small size of

bite wius probally m2intaoined 2during period IT on the high
treastment. <n thz Dasgis of these chunges 1n size of bite
grazing behavioural chunzes prohadbly occured. The srazing
tine reccrde show thit on tne high treatment a2fter the first

srazing time rose from 7.1 urs/day to 10.5 hrs/day

weesn, thae o
(tppendix I1 lable 6). ‘fter this period time of grazing was
constant for the remalnder of the experinent. leasons for
this low limit have been discussed., i'he rate of biting
orovatly 2lsc rose but this may only have been meintained
for short periods of the delly mrazin; time due to Tatlgue.
Under the pasture conditions e:xperienced in the high
treatment of this cimeriment considerable adangations in
grazin;; bohaviour probably sccured from early in period I
sivin: rise to the high mean frequencr observed over this
period. ‘mring psriod I1 ;razing c¢ounditicons became increasingly
aifflcult due to the shortness of the sward and the naximun
time of grazing and rate cf grazing reached, Thia could result
in an lowered frequency of defoliantion of the individual tillers
in the sward as was observed in this study.
The very close pasture condliticns way also have affected
the grszing behaviour of the sheep through other factors.

Allden and ‘hittaker (4197C) noted that merino sheep grazing
very short plots (less than 5 em in height) did not appesr to
graze normally; they were restless, grazed intermittently
end sppeared to be very selective. [hese workers suggested
that some factors other than the ability to prehend the
herbage mey influence the slteep's grazing behaviour under such
conditions. lio close observetions of the animals' behaviour
were made in this study but the sheep on the high treatment
were noticeably more exciteble at the presence of the observer

when compsred with enimale on the medium treatment.
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(v) Severity of Defoliation.

The change in length of G.L. removed from a tiller at
a defoliation appears to be closely related to the mean height
of the pasture or G.lL.i. of the tiller (compare Fige. II 3(A)
with Fige 1I 2)e It appears also that this relationship would
explain the differences recorded betwecn the stocking rates in
Gelelie Temoved. <his finding differs from that of Hodgson
(1969) who found the length of G.L.L. removed tc increase with
increasing stocliing rate and shorter pastures. Ilowever in
his study secondary tillers that developed on a tagged tiller
during the course cf the experiment were included in the
estimuted G.L.L., Of such tillers and tnis added G.L.L. cculd
have caused the measured G.L.L. removed to increase on his
high stocked treatments.

The severity of defolixtion, when expressed as % G.L.L.

removed is more variable ana does not appear to vary with
stceking rato or pasture conditions. <Lhe magnitude of the
values cbtulned for the percentage removed falls within the
rarye of 20 - 40,5y determined in previous studies (sorris, 1303
Hodgson, 196€) but falls below sone very high estimatee of

67 observed for heavy grazing pressures (iiodgson, 1969,
Hodgson suggests thet severity would incresse with stocking
rate and grazing pressvre as the pastures decome shorter,

The different growth lorm of cocksfcot where the leaves

re anchored at or near ground level as distinct from their
more elevated position on ryegrass tillers (particularly in
ths summer) for which Hodgson's experiment was conducted could
give rise to lesser severity In this study, even though
gragzing preasures were higher than those observed by :lodgson.
Because the decline in the G.L.L. removed per defoliation (mm)
was 80 closely related to the declining height and G.lL.L. Of
the pasture the severity of defoliation (% removed) does not
alter greatly with pasture conditions or stocking rate.

(c) Age Categories of Tillers.

The pattern of defoliation of different aged tillers was
very similar for both treatments and over the range of pasture
conditions with the exception of the medium treatment during
period Ii. The very close similarities during period I appear
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to be due to the similarities of structure of "old"” and
"youngz'" villers, Table 11.16 3hows the mecan G,..i. of the
tillers in each category [for each periode "Vouni" aend '"1d”
tillers had very sinllsr C...0's and showed no zpparent

difference in appeararce or accessibilitvy,.

fable I1le. 16¢ liean G.i..l.. 0of "Cl4", "Youu;:" and "Vounregt"

Jillers. (an)

seriod I ericd il
vid Youug <14 Younyg Yowu,est
Ledium 1344 09 2N8B.2 BoRGE NEEINEE) 74.11
Hiigh 97 6832 111435 3,87 1475 43,07

The gminll difforencaes in the size of thsoeo tiILloera during
period 1 ere probably due to the very favourable clinatic and
edaphic conditions at the commencemoant of the exnerizent,
ailowiny rapld establisnnment of new tillere, In thia nasture,
mature or old tillers h:d from 5 - 5 leaves per tiller. llowever
duriiis verlod IT proving conditions were ret ac fnvouradble and
new tillers would vossidbly have Leen nore offecten by such
condéitions than old, establicsted tillers. Gar.wocd (1969)
hes erphasized that dry ccll conditicens cun grently affect
the development of new tillers thrcugh theilr irnalility to
"root" and draw nutrients. “he srull size of tie "youngest"”
tillers was probably due to such conditions.

Canopy structure or the two pustures durin;; periocd 11
might also have sffected the asccessibility of the different
aged tillers to the animals. Under the nedlum fLrectuent the
canopy wus quite dense compered with the more open canopy of
the high treatment (i'late 3 ). Thus smaller tillers would
have been more inaccessible under the medium treatr.ent than
under the high treatnent, where all tillers were protably
equally eccessible., However the differences in the severity
of defoliation of "young" and "youngest" tillers on the high
treatment during period II may indicate some diffcrence in
the structure of these tillers that affects the ease of
grazing, e.g. a nore prostrate habit.



(d) Zelection.

(1) .ithin . asture.

‘those tillers grazed wilthin the pasture at any
particul.r observetion always had @ ¢reater G.i... and
hei ht than ungrezed tillers. This pattern ayrees with
the findings of llodgson (1)369),

.beey graze in s horizontal 4direction across the
face of tie pasture { 'rncld 1060, 1066 znd hecsuse of
this it would be exrected that troge tillers mect »rominent
in the pzsture would be srazed, 1n thic stuldwv the height
of" tillers besrs o clouve relationshi» te thelir Goi.he and
g0 these sgiecte: tillers would wisc nave been the hizhest
in the sword wiiich would cuouge tier to be ¢razed before
ghorter, saallor ¢iliszrs.  “lthcugh ‘lodosen used 7 ryegrass
svard - elvilsr explunztion way epply to lLils revults,

~ven thouznh thae vostures in this study were relutively
ever after the initiszl etr ey there wer core variastion in
tiie Irequency witnh vrich dilferent regivns were zxrazed,
ihese vrelerencas ney be relatel to heignt Hut cther factors
are also vegsible, in clot 1 of the hirh stoched {reatment
transect 3 winich showved 8 very low grazins frecuency had
the ghortest wean heisit of all trangects onu this plote.

:n plot 1 of the low stockxed treatment the transect of
lovest grazing frequency also correspondes with lowest mean
neisht while the traansect of greatest frequency has the
sreatest height, tHowever on plot 2 of tnhe leow treavment,
transect 5 had the greatest mean heignt but & low frequency.
It appears that the sheep grezed the tallest aress more
frequently as 2 general rule but that tuere were exceptions.
# greater dead matter content present on the transect 5

may have accounted for this reduced freqguency or some
unknorn locul palatability fector.

«hile soume areas of tha paddock were zrazed more
frequently than others there was no visible indication of
the development of a patch grazing effect over the pasture
in either the medium or high stocked treatments. The
feilure of tillers initially defcliated to be grazed any
more frequently than tillers not initially selected probably
reflects this observation. The significantly greater
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frequency of grazing of tillers initially unerazed in
tne medium treatment does not mean that the initially
wrazed tillers were subsequently selected apalinste .hen
the two categories were coupared with the initizl period
included, their frequencles are gqulte similar,
) q
(2; ithin iillers.
Jie yeounygest leavesn on tillers were most frecuently

selected unlder all of the conditions of ~usbture exumined.
orris (12637, sBuggestad that the relutlve insccessibility
ol tue older leaves aifected taeir sslection end it 1is
Iihel)y tioat sach wos the cuse here parti:cl-rlr during
seirioc i wpen Lre pasture was taller, ourings periocd
LLe doungel leaves wese orobebiy stilil rneot accescitle
LeCuuse tiay are the exvandins leaves of the %fller in
CUlhiviest btu the (luer lesves where exiancion hns ceased,
cOWEVEL LILE Very ODen csnony occuring under the hist
traowtient ir nerice I weuld hnve nlleowed tlcse clder leaves
e Lo wore sccessible dvine rise ve the hicher sropertion

ol aveilable leaves in thie nosition beinoe aonlecteld,



CHASTER III. BXPERIKENT 11,

while the psttern of defoliation has been examined in a
number of different pasture conditions, using different stocking
rates and breeds of sheep (ilodgson 1986, 19693 Arnold and
Greenwood, 1968; Lorris, 1969), it is 8till not clear whether
the patteran of defoliutien diifers between two breeds oi sheep
under the scue conditions of pasture and wkansgemente This
experiment examlnes the pattern oi defcliation of mature merino
and romncy wethers grezing e 4 year old cocksfoot sward.

The nerino breed was chosen bLecause observations of the
condltion of pastures after a winter/spring grezing by merino
and rouney ewes on the Tuapaka agrounony area in 1968, indicated
that dirferences may e«ist between breeds. At similar stocking
rates, at the erd of the sprinsy; season, the "romey" pastures
were cvenly and closely grezed while fhe "merino' pastures showed
an extremely patchy nature; enall aress of tishsly srazed pasture
were scattered through laxrge ereag cf tall, nature herbages 1t
was trousht that the nmeriro sheer may be more selestive, coafining
thelr attention wore to areas first ¢razed than the romney breed.



B, laterials.

location and layoubt.

The experiment was carried out on the sarce research area of
the Tuapaka research farm as Ixperiment I, A cocksfcoot plot was
fenced tc give two plots of 0,065 hectares, In this trial due to
insufficient suitable plots being availadble, replication was not
possible., However the veriation within the paddock selected and
divided was not considered excessive, and the measurement intensity
on each treetment was kept at a high level,

txperimental .nimals.

Three, 2=year oid merino wethers and three, 2=-year old
roeney wethers of slullar mean liveweijhts were allocated to each
plot on June 30ths The mean stocking rate throughout the
experiment was 46.2 sheep/hectsare in each treatrment.

e lLethods.

fagture .anugement.

rior tc the experiment the plot had been used in the trial
described in Lxperiment I, receiving the some fertilizer treatments.
No additional fertilizer was applied to the plots before the
commoncement of the experiment. .t the start of the trial, the
plots carried about 2,000 igs. J../hectare and were about 150 rms
highe

A8 1r EIxperinment I, the trial was civided into tvwo periods;
the first of 3 weeks from July 1st until July 25th, ..t the end
of period I iIn an attemp;t to examine the pattern al a lower level
of availebility no measurenents were recorded om the romney area
for one week and the merino area for two weekiss Thue the second
period for the romney trial was from August 1st until jugust 21st
and the merinc trial from august Gth until rugust 26th,

Tiller Identification.

lPillers were ringed in the same manner as in lkxperizent I
except that 24 tillers were marked per transect (in 6 clumps)
to give a total of 240 tillers marked per treatment, Because of
slow tiller initiation occuring during the winter no category of
"youngeat” tillers was marked at the commencement of period II,




- 63 =

Pagture i‘easurements.

Pasture avallability, botanical composition and tiller density
was recorded as 1ln the stocking rate experiment. The measurement
of growth rate was slightly modified from the previous experiment.
The cages were placed and an ¢per cut made from an adjacent area
comparable with the caged eite.

Together with the uveusurcment of tiller density, on two
occasions cdurin; the expericent 10 tiller cores were dissected to
deternine the depth ¢l the apex of the tiller. This was done by
clipping the tillers {iush with the ground level, dissecting them
out of the core and measuring the vertical depth of the roct :
shoot junction below ground level. (n each core a number of the
tillers dissected out were split open and the height of the
growing apex abtove the root : shcot junctien was measured under a
binocular microscope. <‘he difference between this height and the
depth of the rcot : shoot junction gave the depth of tne shoot apex.

Animal ¥Yeasurements.

On three occasions during the experiment, liveweight of the
sheep was recorded using a "Salter" spring balance and tripod.

Iillers lecords.

At each observation date (see Appendix III Table 1.) tillers
were exaifiined and recorded in the same manner as in Experiment I.

Statistical Analysis.

Cince only a single reglication for each treatment was used
the Ifrequency of defolliation was determined by analysis of variance
considering the 60 clumps within each treatment as independent
gpamples.



D, _ lesults.

rasture heasurements,

(1) ivallability:
n estimute of the chunging quantities of total dry
herboege for each treatment is presented in “ige 11l.1.

Initially tune rate of decline wag slightly greater on the
"romney" treatoent than on the "merino” treatment. However
thia soon changea to a similar rate of decline in availability
on beth treataents, tihe dlfference being maintseined at
approximately 300 Kzs/hectare,

“he nean pasture availabllity during period 1 was
180 ig/ha on the romney plot and 2040 on the merino plote
Vuring period II because the merino treatment started a week
later than tne rosney treatrnient the mean availabilities were
closer; the merino trestment at 1140 .g/ha versus 1010 Lg/ha
for the ronne;, treataent.

(11) Zrowta .ate:

~8tluate of the mean dally zrowtan rates ars saown in
able I1lI.7. [he trend iadicated by thne estimates 1s an
Zncrease in the rate of growth from June 25 to August 24 on

thn merino grazel pastures wnile on the rorney grazed pastures
cdaily growth rate rose sharply in late July thaon declined
alncst as suarply in .ugust,.

wean Daily 3rowth =<ates (iigs/ha/day).

fable III.1.

| lomney £ ..L. of mean Xerino ¥ 5... of mean

i

29 June to 17 July | = 1149 4410 '~ 17.8 4,80
17 July to 3 August |+ 2.1 3,00 '+ M4 1425

3 Mugust to 24 fugust + 5.05 2495 '+ 7.7 3.40
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General view of site of Experiment II (upper)e.
Close-up of merino pasture at commencement of

grazing showing patch grazing (lower).
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(1ii) Botanical Composition:

The botanical composition of the sward was similar
upnder each treatment (fable IIl.2). <1he proportion of dead
waterisl rose in esch treatuent during the experiment at
the cxpense of the green cocksfcot. The contaminant species,
poa sunus, roa trivielis, perennisl ryegrass and yorkshire

{og, repiresented a constant proporticn ol the totaul 4ry

matter 5t cach sanpling.

Table Ill.2e. sotanical Jomposition (.0 dry matter;.

Aomney terino
Date Lsocksfoot uther spp. Lead Cocksfoot Other s:Pe iead
30 June 43 o bh 275 L | 4& e JGet 2047
17 July 40 o b e :102 46,2 PUSTY S 25.0
3 Auge 35.6 254 29.C 2445 2649 3546
14 ;iug. Z.?ob 2).0 47.2 2&01 ;:Sno "'3‘60?

(iv,; Ltillers lleiitht and Gresn ..eal Lenpth:

The changes in height and green leaf lenzth of the
rastures under c¢act treatacnt are shkown in rige 1II.2 and
Javle Iil.3. Jhe rate of change was similer in both treatrenss
witn a steady decline in nhreixnt wnd (... being much greater
in pericd I than in period I1I,

Table 1II,.3. Lean Heights (mm) and Green Leaf lengths (Gelei,.)

of tillers (mm)

domney i Lerino

\Height! T 5.5, G.LoL. 3 7,5, | letght: T S.i, GoL L. |3 S.E,

Period I | 711043 | 9475 '251.8 16449 | 118.2 9,18 | 263.6 14417
Period II | 34.8 ' 1496 | 8345 | 5.39 | 39.5 | 2.31 | 89.8 4.58

Period I & II‘ 7246 i1o.2

82.8 11,30 | 175.8 26.44

A

17247 %22.79

H
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(v) Iiller Jounts:

The mean cocksfoot tiller densities were somewhat
gimilsr in each treatment. tHowever the contribution of
contaainant specieas was greater in the merino treatment than
in the romney treatment. .gain, for the mest part, the tiller
size of the contaminant species wag small compared with the
cocksfoot tillers. Dead tillers were not found sfter the
first obeservaticn on 29 June.

The number of live tillers declined over the axperiment.
This was more marked with cocksfoot than with the contaminant
spaclies,

l'able 1liete Tiller counts (numbev/me)

ilomaey
Date Cockse. £ B3 (ther svpe T TR Dead - el
29 June | 5470 257 | 2360 333 49 35
23 Jui;s 3760 prey) 4249 ' 562 0 -
15 Aug. 3350 540 2080 462 G -
i.erino
29 June 4450 343 4400 = R 1o e
23 guly = 2400 | 430 | 4%00 L2t 0 -
15 AUuge 3130 570 33C0 400 0 -

{(vi) lositlon cof Srowin; ~oints:

Th2 mean depta of the grewing polnt of the cccksfoot
tillers at the comuencement of the expexriment (29 june) was
3470 mm below the ground gurface (..... of mean = 0,511)., At
this stage no extension ¢i the growlng point was observed
wkich wae about 2 mm above the root : shoot Jjunctioa. A
further exemination wac made on the 15th sfugust but as no
elongaticn ol the growlag point waes seen in sny of the
tillers examined the mean depth ol ths growing point was not
estimated.
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Animal seccrds.

During period I the mean livewelgnt or the romneys and merinos
increased by 3.4 ¥gs and 6.1 <gs8 respectively. A 8light
decline in weight occured during period II (Teble III.5).

icuaey .erino
late .ean X ... of mean | Liean 1 .... of mean
Tuly 4 44,0 0467 3iel | 1457
July 24 L 474 O¢ 5% GheS 0469
Mgust % 43561 O¢ 4 43,9 0.76

I% wes interestinr te cobeerve thet duriney tiller mesaurementy
the merinos grouraed together in a emell buner snd nermelly
would not praze, whereas the romney wvere, sfter « few dayvs,
uneffested Dy the chaerver wnd continued to zraze nermell-r,

Lne nerino wetner develcped fcocotrat for @ short eriod which
nay hiave roduced Lis srazine time, This occure? in «:ndte of
caraful attenticn tc feet prior to the cormencenent of the
exmarimencs The field wmeasurements never listurbed tre sheer
in any one nlot for more then & hours 27 2 time, every 2,7 -
2¢5 d8yse oy eilect on grazing tiwe, ii 1. fact this occured,

wag probably small,

loes of :lecordsge.

The number of marked tillers surviving at the end of
preriod I wezs 224 in the romney and 2%g in the werino trectument,
By the end of period II there were 232 in the romney treatment
gand 225 in the merinove The losses and how these occured
are shown in Table III.6,

During this experiment the losses of records was quite
low when compared with experiment I and this is accounted for
mainly by the lesser number of displaced tillers, The taller
pastures present in this exporiment probably accounts for the
fewer displasced tillers. 3Since fewer tillers were observed to
be uprooted this also would have influenced the loss of
markers.
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Table III.6. deasons for ..oss of Tiller iiecords, and l.osses
in each Category.

onney xerino

Period I II i I 11
o. tagyed 240 240 2490 240
Total Lozt S 8 4 15
Pprooted 0 o | 0
Pisplaced z 1 | 2 0
Death due Lo complete |

defolintion 0 1 1 2
‘frodden ! B 1 1 1
Death ifrcx other causes s 3 2 i 7

uafoliatior cf tlllerao,.

(a) stequency of Tefolisticn,

_ixteen oomzrvaticons (8 1in eacnh reriod) were nade on tae

rozney trestrecet rud iifteen on the merino treatrent (3 in period I

and 7 in period Iij. 7iThe Ireoavency of defolistion fcr each period
i

is shceyn in i'able I1l.7.

Table 1li.%7 frequency of ieiocliatiovn (days betweern defolistions)e.
; Jlormne;r ‘ z oLE, Marino L 5.k,

veriod I | 91 0e36 | 10e9 | 0436

§ J—

|Feriod 11 | i 0.36

7 ; O 36 ¥ 767

‘there was no sigrificant difference between the merino and
romnady btre:atoents. dowever thie difference between period I and
period 11 was highly significent. Dthere wis no rignificant
interaction.

The Irequency of defoliatlon was nct significantly diffsrent
between transects witaln eitlier treatment or perliod withia a
treatnent,



Table 11I.8. “ean LeleL. and lieight (cm) c. urazed and Unsrazed I'illers defore Grazing.

onney Zerino
G.lLl.TL. Heirat Gelieiie ileight
Date Grazea Ungrazed Lige Jrazea onrazed Jele Grazed ungrazed CZig. urazed Ungrased
July 7 31,12 2326  L.G. 12215 15435  July 7
10 32453 2787 0D 2,47 20462 10 5+ 00 30030 | HeSe 1535 | 18,13
13 30444 200D Hes. M42 1177 15 31076 | 30421 | HeS. 37 13.60
17 30477 2527  lieve 1240 41433 17 21,03 | 26.13 | 0,05 13,30 11.55
20 | 26.65 25050 | tese 1092 10425 20 32496 | 22491 | 0410 12.00 9.96
23 21.88 2Ce16 | Hele! 211 Ce63 2% 25.51 23,06 | i1.3. 10,17 9.52
25 21.63 17,33 . 010 3.4C | 6480 25 S tiB 10,66 | HeS. | 9.83 7.27
August 3 | 14.68 3e'fD | G 47/ | Pl Sigudt 10 11,57 2,97 | .5, 5.03 4,74
6 | Do 8,80 | m.ou !l oa.e2 1 2,93 13 11,78 9e2Y | HeS. | 4490 4,03
8 [10.53 .02 soioloaen 2,66 15 10.59 8.97 | N.G.! 4,00 0 3.99
10 192,08 | 2.30 ese| heW0 30300 12 .45 8.48 | 0,05 4.38 = 4.46
1% Y87 6. D05  T.83 %.25 21 8B.79 293 | iedel 4.20 3.64
15 e 38 Cehd  0e10 Be P D63 2 1 P12 7.70 N.3. i 3.27 344
13 3631 Ce13 0405  3.20 2436 26 0,27 2.33  N,3.0 3.32 3.08

21 7. ') U.BG Ate-Je ;. “l; ‘:.FA
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Table III.8. shows the G.lL.L. of tillers grazed and not
grazed at succeeding observatiors. At all observations except
one in the merino treatment, the G.lL.... of tillers subsequently
grazed was greater than that of tillers not subsequently grazed.
liowever these differencee only reached significance on 6 occasions
on the romney treatment and on 3 occasions in the merino treatments.

The subsequent frequency of defoliation during period I of
tillers initislly grazed prior to July 70 and those not grazed
prior to this date ig shown in Table II1.9. It can be seen that
the differences in the subsequent frequency of defoliation of
those tillers initiaslly selected and those not initially selected
were not significant in either treatment during periocd I.

Table 111,9. Subseguent Defoliations during period I of Tillers
Grazed or Unpgrazed prior to July 10.

llomney ¥erino

Grazed Ungrazed Grazed Ungrazed

Noes tillers 69 171 56 184
No. defolistions  2.35 % 0,127 2.42 £ 0,094 2.15 £ 0.15 2,05 % 0,092

(b) Severity of Defoliation.

As in experiment I estimates were made of the severity of
defoliation in terms of the mean green leaf length removed per
tiller at a defolliation and expressed as a percentage of that
available on grazed tillers. The results are shown in Fig. III.3.
and Table III,A10,

fable I1I,10. Severity of Defoliation of Individual Tillers

terms of G.L.L. (mm Percent of

GeL,L, removed (X).

mm L e Bs % -4

Period I Romney 68,33 15.05 24,70
Merino 65.02 15.05 22.15

2.69
‘ 2.69
Period 1II Romney 29.26 15.05 29,32 g.gg
1.90
1.90

Nerino 29.88 15.05 31.33

Period I & II Romey 45.97 10.64 2703"‘
Merino 47,45 10,6464 ' 26.74
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(A) Mean GLL removed {m.m) and (B) % of GLL removed, at a single defoliation.
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The lenzth of leaf removed was very similar under both
treatments and the small differences within periods were not
significant. The differences between pericds was significant
as a greater G.L.v. was removed on the taller pastures during
period I.

In contrast to the length cf leaf removed the % removed
increased significantly from period I to period II over the whole
experiment as the pastures werc more closely grazed,

A feature of the graphs shown in Fig, III.3. is the similarity
in shape of the length removed and the ;. removed. This contrasts
with a much less distinct relationship observed in experiment I,

(c) Age Catepories of Tillers.

Analysis of the two age groups of tillers suggested that the
old tillers were defoliasted more frequently than the young tillers
particularly by the romney wethers during period I. (Table I1Il.11),

All tillers were defolisnted more freouently during period II
than during period I but there was no interection with the category
of tillers or treatmeont,

The pattern of severity of defoliation indicates that during
period I the old and young tillers were grazed differeatly. Cn the
romney treatment the young tillers were grazed much less severely
than the o0ld tillers but on the merino treatment the converse
occured with young tillers being more severely grazed than old
tillers. During period II young and old tillers appeared to be
grazed with equal severity under both treatments.

(4) foliation of Individual Leav

The pattern of leaf selection within tillers is shown in
Fig. 11I.4., As in Experiment I there was a definite selection for
the younger leaves and againast the older leaves, during both periods.
The selection pattern is much more marked under the merino treatment
than under the romney treatment. In fact there appears to be a
gradation from leaf 1, to leaf 2, to older leaves but under the
romney treatment the second leaf appears to be selected more
frequently than either the first leaf or older leaves., kerino shaep
appear to select more against older leaves than do romney sheep.
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Table III, 11 (a) Frequency of Defoliation of "Cld" and "Young"
Tillers (days between defolietions).

[omney i.erino
o1d | s.x.|Young|® s.n.|01d [ L.s.|Youngl| C.:.
Period I 8.,0° 0059 1.6 0059 10,0 0059 10.9 0059
Feriod II 7¢2 | 059 | 841 [ 059 | 7.5 0.59 | 8.4 | 0,59
Cericd I & II|7.6%| 0.35 | 945 | 0625 | Bae6| 0435 | 9.5 [ 0635

® ¢,. for period I or period II x category = = 0.59
+ .G, for period I & II x category 20,35

(v) Severity of Defolistion of "Cld" and "Young" Tillers
(& G.l.l. removed per defoliation)

nomr.ey Yerino

0lada Young 0la Young

Period I 25039 15063 23078 3ﬂ.ﬂ1
Period TI 30492 31,56 26.62 29.24
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B Discugsion.

(1) ¢f Technigues:

The main pesture, animal and tillers measurements used
4id not differ significantly frcm those used in Uxpericent I. The
only additional mensurement made in this experiment was the
deterzinaticn of the depth of the growing point. A few other
workers (Branson, 1953; [(itken, 1962; van der Bcoyeen, 19632),
have also determined the positicn of the growing point of grasces
in relation tc ite accessibility to grazing and nosslible effects
on reproductive grasses. The technique used kas cooronly involved
splitting the tiller and examining the position of the apex. This
technique is relatively simple when the growing point is above
ground level but may involve some difficulty when below ground
level. 3Sranson (1953) found the position of the growing point
to vary significantly between specles. ientucky bluegrass (Pogs
pratensis) for example had 1is gruwing point bdslow greund through-
out the entire growin« season while ‘estern .hcetgrass . .:runyron
sricnii) pPresented its growing point as high as 5 inckes above
ground level, even euarly in the growing season. IThe results
obtained in thls study for cocksfoot are consistent with Branson's
data which showed that fcr perennial grasses the growing point
is generslly below trne s0il surface. Thne technique used in this
study is simple and quick (150 tillers were processed in the
laboratory in about 2 hours) especially during the vegetative
stages of growmth. OCnce internode elongation comuences a greater
pasture sampling intensity would probably be necessary.

(11) of iesults:
~asture Leasurements.

The quantity ef pasture available declined steadily under
each treatment throughout the experiment. At the commencement of
the experiment the rate of growtk of the pasture was very low and
the losses by decomposition of dead material were probably as
great or greater, than the new growth due to leaf initiation and
expansion. Towards the end of the experimental period the growth
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rate rose corresponding with the normal start of the spring growth
associated with rising temperatures and better light conditions.
lowever the nmajor factcr detervining the availablility decline

wag removal by the animagl. Comparison cf the two curves ([ii;411I1.1)
would probadly sugzgest thiat the rate of intake of the two breeds

of{ sheep, merino and rorney, was rather similer,

A8 the avallability declined there was a ccrresgonding
reduction in tre height of the pacture and slveraticn in the
boetanicsl compositicn of the total dry matter availsble. HBecause
dead matter is confined mainly te the base of the sward thls nade
a relatively grester contribution to the tctszl dry matter available
ae pastures hYecare nore clozely grazed,

Asgociated with the seasonal conditions of low temperature
there 1s a decline in tiller numbers due wainly to the very low
rate of iniltiatlon of new tiller buds (Langer, 1763)., This decline
may have been accentuated, particularly during period I, due to
shading of some tilliers in the tsll dense swards causin, death
(Yunt, 1968), Iewer tillers were obsarved to be uprooted in this
experiment comparad with mxperiment I. 7<hls nay have been the
result of bectter root development under the wetter soll cendllicns
of July snd .ugust than occured under the very dry soil conditions
in Zxperiment I causing tililers to be more firmly asnchored. Also
since the pusatures were not closely grazec in thlc oxperiment a
critical height at which losses may be maximised may not have been
reached.

contaninant species, mainly poa specles, perennial ryegrass
and yorkshire fog, represented a significant proportion of the
available green matter in each treatment. For the most purt these
species were scattered evenly through the cocksfoot but a few
more concentrated areas were present on the merino plot. These
species were unlikely to have hud a major effect on the pattern of
grazing but they may have contributed to some of the variation
in the frequency of defoliation of tillers between transects during
period I, The merino sheep were observed to graze the more
prostrate contaminants at the beginning of the experiment. The
two transects (1 and 2) located in this region had higher frequencies
of defoliation during period I (AppendixIII Table 3).
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Animals Records.

e

ihe weignt changes of the sheep were very similar for each
breed. <tThey indicate that intake was probabliy unaffected during
period i but during period 1I some reduction of intake may have
occured., +the romney plots were very short during period II and
the rate of intake may have been limited by this factor. Cn the
merine treatment however, one o¢f the wethers contracted footrot
and it was the loss in weight of this animal that caused the merino
treatment to show a decline in weight during period II; the other
two sheep maintaining weight. <©he ability of these twe sheep to
maintesin weight unaer the short conaitions may be due to the
relatively smaller size of mouth of the merino sheep compared with
romney facilitating in the grazing of very short pastures (Allden
and “hittaker, 1970).

Tiller Losses.
Very few records were lost in this experiment. tetter soll

conditions rather than leadinrs tc greater numbers of lost records

as was expected, =a; enable msrkers and tillers te be less
suscentible to displacements 'fhe differerces observed hetween this
experiment end :xperiment 1 may also he aszoclated with the

relative clicseness of graging. Il.oeses became mcre nrarked the closer
pastures were grazed in experiment 1 but in this study the pastures
were not grazed as close,

Pattern of Defoliation.
(a) ZFreguency.

Under both treatments frequency of defoliation increased
as the pasture height and availability declined. This pattern
follows that observed in the mediur treatment of ixperiment I
and agrees with expectations under conditions of declining
availsbility (lorris, 1969). As the animal endeavours to
nmaintain intake rate of biting and the length of time spent
grazing increases, this would be reflected in an increased
frequency of defoliation of individual tillers.

For the two treatments in this experiment there was a
closer relationship in the change in pasture conditions, i.e.

height and availability, with the medium stocked treatment



in Experiment I rather than with the more extreme high stocked
treatment. Though the sheep on the romney treatment lost weight
during period II the stage at which a reduction occurs in the
frequency of defoliation due to the shortness and reduced avail-
ability of the pasture does not appear to have been reached.

(b) Severity of Defoliation.

The pattern of change in G.L.L. removed (mm) seems to follow
the same pattern observed in experiment I, being closely related
to the changing height and G.L.L. ¢f the pasture. In a similar
study on cocksfoot Lorris (1969) also found the greatest length
of G.L. removed was from the pastures where the G.L.L. of tiller
was greatest.

The % G.L.L. removed per defoliation rose from levels of
about 23% during period I to 30% during period II for the similar
conditions of declining pasture height and G.L.L. These values
are lower than those of about 366 and 334 observed in experiment I
but egain are similar to the pattern observed by iorris for lambs
grazing cocxsfoot where tle severity of defoliation increased from
19 to 30% as the L.A.I. of the pastures declined from 5 to 3 units.
The pattern of increased severity of defoliation as pasture height
declines agrees with results found in other studies (iodgson, 1966,
1969) and expectations based on a declining length of G.L. available
per tiller before defoliation.

The disparity of these results and experiment I could be due
to less marked changes in tiller density of the two pastures
during the course of the experiment. A much smaller increase in
pasture density as they were grazed closer to ground level in
this experiment, would not have allowed the grazing sheep to
compensate for the effects of reduced height by increasing the
size of bite (Arnold and Dudzinski, 1969). This probably caused
them to graze plants more severely as height declined.

It is also likely that the low density of the pastures at
the commencement of experiment I contributed to the high severity
observed during period I for that experiment. A large bite could
only be achieved by removing a large proportion of a few tillers
rather than a lesser proportion of a greater number of tillers
as probably was possible at the commencement of this present
experiment.



Both graphs of severity of defoliztion show a more marked
saw~toothed pattern with successive observations thun was cbserved
in ixperiment I. It is alsc noticeable that the peaks and troughs
correspond inore clozely tiaan was cbserved in txperiment I, It
would be expected that changes in the length of green leaf removed
should be reflected in the .. of G.L... removed since it iz not
possible for the G.unei. Of tillers to fluctuate widely cver cshort
pericds of time.

The fluctuations in C.i.L. rexcved reflect the length of
leaf remcved per tiller withcut the correction anplied for crowth
between observaticn dates, 'his factor does not apnoear %o correspond
consistently with changes Iin growth rate of the pasture observed
from the increases in G.L... of ungrazed tillers, although the
toree iow estimates during period I on the merinc treatment at
July 10, 20 and 25 do correspond with very low vaiucs of estimuted
growth rate, Larked ifluctuations in growth as cdeternined by this
metrod were observed during this expsriment (nppendix II1 fable 5),
Brougham end Glenday (1969) renort fluctuations of upr to threa times
the ucsual grswth ate during the winter seascen fur cocitsfcot and
ryesrass a8 2 result of weather fluctusticas e.ge lncreasec in
nignt teusperaitures. The fluctuations in growth rate i this study
accentuated che fluctuations in the ,. of G.L... removed when the
correctiorn for growth rate was spplied,

(c) Apge Cutegories of Pillers,

The pattern of frequency of defoliation shows that both
breeds grazed the "old" tillers more frequently than the "young"
tillers. This pattern may have been due to deliberete selection
of either the oldest tillers or against the youngest tillers or
to the structure of the two categories of tillers interacting with
the sheep's normal grazing process. 7Table III.12, shows the
differences in G.L.L. of the two categories of tillers. he "oldsr"
tillers were alwaye larger than the "young" tillers although this
was less marked in period II. It appears that the normal horizontal
grazing pattern cf sheep leads to the tallest and mcst obvious
tillers i.e. the "cld" tillers, being grazed more frequently than
the less obvious tillers 1.e. the "young" tillers. Iio other
differences in their structure or composition were obvious in the
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Table I1Il.12.,kean G.L.L. of "Q1d" and "Young" Tillers (mm)

Romney Kerino
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Losveveiry the pattorn of zeverity of defoliation dcec nct
vpesr to follow the expected pattern of an iacrsuged severity
with shorter G.lLesl. of tillers. Durinc nericd 1 the rouney sheep

oy el ey 2Tl ave o loener G700 . Vi Bagos o e il 2
Erazed Lne billers of leoszen Gosin.dog Lefe LIS STy V‘Lanm' Ter

lightly conpared wlth Mold" tillersz, <n the other hiznd the merino
sneep d1d sraze the "youn:" tillerg with = zZrester severltys This
differvace in pastiern could indicate o pousible difference in the
pattern ol gragin,; of thes2 tvo breeds, here th: cheep is faced

mixture of tall znd shorter tillers, srezing in a horizontal
wlaae ney be mcre ioportant te tie rconey breed tut fer the merino
breed this besle procesns any ve ~nodified by ¢ greater depree of
selection un the vertic-l plane as desciibed by “ronecld (1260). [fhus
shorter viilers withir a nixture ol sizes may be razed closer to
vround level tuen teller tillers by merinoc sheep. uwuring: period II
when the "old" ond "young" tillers were more sinilar in G.L.L. the
pattern cof neverity was sixilar for ouch category for both breeds of

shieen,

(d) Jelection.

(1) Zithin the .asture:
The statistical results show that there was very little
selection for different sites of the paddock by either wmerino

or romney sheep., All transects appeared to be grazed equally
and tillers initially selected were not subsecusntly grazed
more frequently than thcse not initially selected. Iliowever
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Development of the "dung patch" grazing effect

on the merino pasture (right side of the_ fence)

after 3 weeks (upper) and after 6 weeks (lower).

Note the plainly visible dung on the romney plot
(left side of the fence).




observuation on the puduocks did indicate that scme celection

Was ocourin;; particularly vy the merino sheecus the observations
of selection by cerinos {or sites wiere convauninant species

were voncenbrated has bDeon rererres to. fhe low relative

palubatiiity vi cocusicol {.tapleton et ai, 1227, nay have

accuunted Jor The sclectvicon ¢f these areas at thi»2 beginning of
the eupurimente Jhe areaw of contaminant speciss were 2180

saorter tiuun tne wajor pary of thre pusture wilch may have made
Vol U ¢ auiiLeuivae e sheep waicn prefsr So eraze shorter
pustiures btuan lceuwsr puaslures | raovad, Wi/,

tag werine piotbe, an rezed oy lightiy assed patches,
So=hl o in dluseles, wele obsServed YO UEVEeLOls witar abuul two
WECHAGe JLEBG bLecame wore dilstinctive as raszsing prugressed
vilate 5), altiwugh they were prazed more closcly and decreased
in diaceter. . hese patches corresponded with dun~ patches on
the paddocxk. Ly contrzst on the romney treatuzent no discrimine-

e B = o . LI L, T RCH .
ation cccured and grazioe wae risat up to the dung iUse

)

0

. B ~ B =N\ haa  REgvEL yv b = ~ 2 - AR — .
idalte L.  The deveiouvuent or nuatches in u photure bYeczuse of
bre locaslisation of dun: natches is a Jeszbtiare

B (LCuuBRy, “yoUj rarten gnd

caguisriaid, 1963 snd obhers), but no eports
cited ior slaliar cituaticons In sheoen srezed nustarcs.

In catule, zuell ol tne Jseces s Leen clearly shown to be
Ghe azia fuctor coasine the avoldance o dunged arezs ( zcoiarmid,
172072 )e in sheep the sense of seell hae been suiown to affect the
galeetion of forage. Iribe (149) ovserved nen-led choevict

Wy 2 .1 ) AL "
ENigive f‘:.:t’;l.l:i N-'“‘thlu "'ﬂlilfir

L)
"*;
D

iambs to avold herbaze close te of
lambs wiill thelr olfactory lobes remuved showed nu discrimination.
sestroying bre sense of swell of grszing border=leicester  wmerino
wethiers also led to altered species creferences (.rnold, 1967).
Juese resulus indicete that the smell ¢f the {aeces could be the
factor in the avoidance of dungied wreas in this study. However,
Lhie rgegon lor tihe breed differences is nct clear. ‘there is no
reason to helieve that the senze of smell is any different between
the two breeds of sheeps 2Iribe (1248) ncted shat smell w.s only
important in the initial selection Ly grazin;; sheep and that

after a short perilod tue animal adzpted Lo the smell and grazed
the offensive materisl resdily. ierhaps romneys sdapt wore
readily to the smell of faeces than 40 merinos. Hecause
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adaptations are involved the previous history of the two
groups of animals may also have had some effect on this
selection pattern.

(1) within Tillers:

The results snown in Fig. IilI. 4. indicate that merino
sheep discriminate against older leaves on a tiller more than
ronneys. This pattern was more marked during period II when
the two pastures were more alike in their physical character-
istics. This pattern may reflect a greater ability to select
by merino sheep which appear to have a narrower jaw width than
the romney sheep. This may allow easy rejection of unpalatable
herbage.

Under both treatments the tallest tillers were selected
at each defoliation throughout the experiment. This pattern
of leaf selection of the tallest tillers also leads to the
more frequent defoliation of old tillers in the pasture,
particulerly during winter, because of their greater helght.
This selection of the tallest tillers confirms the pattern of
horizontal grazing of pastures by sheep (irnold, 1960).



CHAPTLER IV, GrloiAL DISCULSION

Introduction.

In the general discussion the defoliation pattern is dis-
cussed according to the different parameters measured in this
study. Following this the merino and romney breeds are couzpared
and finally the defoliation pattern is related to grazing
behaviour and the grazing process of sheep.

The Pattern of Defoliation of Tillers.

(a) Frequency of defoliation.

The importence of stocking rate in influencini the frequency
of defoliation of tillers in a set-stocked sward was’' first
suggested in a theoretical consideration of grazing management
by Cpedding {1965b). Since that time two investigatiocns have
been reported confirming that yrazing frequency increases with
stocking rate. In the first report (Hodgson, 1966), the indication
was of a proportionsl relationship between frequency and stocking

rate. :owever, a later report indicated that low stocking
rates may have frequencies nearly as great as high stocking
rates {ilodgson and .llerenshaw, 1969). The results reported
in the experiments in this study also show that the frequency of
defoliation of medium stocked swards is only a little less than
that of high stocked swards. This leads to the question; %“hy is
frequency of defoliation not proportional to stocking rate”?” This
study shows that ore of the factors which can have a big effect in
causing the pattern to vary is pasture conditions, in particular
the pasture height and/or availability.

It is suggested that the changing frequency of defoliation
is a response to changes in grazing behaviour bdbrought about as
the pasture declines in availability and height. lieight or
length of tillers ies probably of more importance in causing
changes in the rate of biting and time of grazing than the
availability (Allden and ‘hittaker, 1970; Arnold and Judzinski,
1969), Allden and whittaker found these two factors commenced
to increase as the length of tillers fell below 35 cm. Therefore
since the maximum height on any pasture in this study was 15 cm, &nd
the height declined rapidly on all treatments, increases in rate



- 88 -

of bitini and grazing time are likely to have occurred from the
initial stages. Therefore a decline in height of pasture will
result in an increase in the frequency of defoliasticn of tillers
even when stccking rate is held constant. ‘“here pastures are
grazed to short lengths, e.5. 3 cme oOr less, very considerable
changes may occur in the grazing behaviour and therefore the
frequency of defoliatiocn of tillers. 3uch heights were reached
by lodgson (1969) con his hipghest stocked treatment, which tcgether
with intake being reduced by 50, on this treatment compared with
the low gstocked treatment, supgested that his observed pattern
of defoliation was probably influenced greatly through changes
in grazing behaviour.

However under very difficult pasture condltions, e.g. very
short pastures, grazing sheep can only increase the rate of biting
and time of grazing up to certain limits. ©5Such limits are
probably due to grazing fatigue (&cClymont, 1967). In Experiment I,
it is felt that the maximum grazing time and mesximum rate of
biting may huave been reazached under the high stocked trecatment,
with the result that grazing freaquency and stccking rate may
fail to remain propcerticnal Leycnd such a stage as cccured in
this treatment during period 1I.

rfasture helght can therefore have a considerable bearing
on the observed frequency of defoliation of pastures under
different stocking rates. Under moderately short pasture
conditicns (5 - 6 cm) the frequency of defoliaticn cof individual
tillers in a range of stocking rates can be enhanced, but a3 the
pasture becowmes shorter the frequency may declirne again, both
resulting from changes in grazing behaviour. These changes
may account for the similarities in frequency of defolistion of
pastures where the stocking rates are quite different especially
when the pastures under each treatment are moderately short. From
these conclusions can be inferred that any consideration of the
pattern of frequency of defoliation under different stocking rates
should give account to the pasture height under each treatment.

(b) Severity of defolistion.
There is some disagreement between liodgson (1966, 1969) and

korris (1969) concerning the pattern of change in the severity
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of defoliation (percentage removed) of individuasl tillers in a
sward in relation to stocking rate and grazing pressure. For
example lodgson has showed an increase in severit; (percentage
resmoved) with increasing stocking rate and grazing pressure for
perennial ryegrass pestures but lorris using cockslfoot pastures,
found no sucn significant increases. <The resulte obtained from
this study are similar tc both these workers, in that the results
of Zxperiment I showed nc increase in the severity of detoliation
with an increase in stocking raste and grazing pressure while

the results of Lxperiment II did show an increase. However from
the results of thie study the severity ol defoliation alsc appears
toc be relsted to the height of the pasture.

In both experiments what is immediately apparent is the
similarity in the shuape of curves for length of green leaf {(mm)
removed per defoliution and the curves for the green leaf length
of tillers, If it is considered that the G.L.i.. (mm) removed is
a reflection of the slze of bite of grazing sheep (as has been
discussed) this pattern fits the expected pattern of a declining
size of bite as pesture decreases in tiller length (see .ige I1.1).
in other words 1t appears that the diiference in length of leaf
removed between stocking rates is due to the difference in initial
GelL.L. and not to any stocking rute effect.

3ince the length of leaf rexoved varies closely with the
Gel.L. of the tiller berfore grazing it might be expected that the
percentage G...i.. removed would not vary greatly as the height
of pastures chunged. This appears to huve occured in ixperiment I
where there was no significant difference between the stccking
rates, or periods, nor any interaction between stocking rate
end period. The sheep appeared not te remove a greater percentage
of the G.L..L. from the tillers as they decreased in height.
However in IZxperiment II the percentage remeved did increase
significantly as the pasture height declined; although this
increase was not large i.e. from 22-24% to 29-314.

The existence of these two types of response indicate that
other factors, besides the relationship between length of leaf
removed and initial G.L.L. of tillers may be influencing the
percentage of G..lL.L. removed. One such factor may have been the
growth form of the tillers. As previously mentioned the tillers
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in Experiment I were observed tc change to & more prostrate zrowth
habit during the time cf observations, especielly in period II.
The changeg in Expericent 11 were not sc apprarent. The develop-
ment cf a more prostrate growth form results in a greater pro-
portion of the lesf tiscsue being close to ground level. This

uay mean thst a smseller proportion csn be readily prehended by

the grazing sbeep, particularly when paslureg are very short,

e.fs 2=-3 cums, :lowever no information is avallsble for how the
severity of defolistion varlee with the growth form of tillers.
This factor cculd 2lso te involved in differences observed between
the lcwer severity of defolisution of cocksfoot tillers by iorris,
(1969) than of perernnial ryegrasa tillers by liodgson (1985, 1969).

(c) rreguency and Intensity of NDefoliation of .je Jatepories
of lillers.

The presence in tihe pasture of different aged tillers is

nore narked in some seasons than others. Jor exawple in auvumn
tillering 1s very active due to the favourable climaetic conditions
and a high proporticu of young tillers can be expected to be
present, which rapidly reach a mature size. ovonversely in winter
tillering is much reduced as conditions for growth decline and,

48 in Uxperlment II1, thers are fewer young tillers present and
they remained smaller ia size throughout the experiment. These
features probably determnined the observed puttern of defollation
of different aged tillers in thlis present study, such that in
experiment I during period I "young" tillers rapidly reached similar
Bizes (G.L.L.) to "old" or established tillers, and both were
grazed with similer frequency and severity by the romney sheep at
both stocking rates.

By comparison, during period II of Lxperiment I, waere the
rate of tillering and new tiller growth was declining, the newly
developed, or "youngest" tillers were grazed less frequently on
the medium stocked treatment and less severely on the high atocked
treatment. A similar pattern is seen in Experiment II with
romney sheep, the smaller (by G.L.L.) "young" tillers were grazed
less frequently than the "o0ld" or established tillers in both
periods. During period I when the differences in the G.L.L.
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between the two categories of tillers was greatest the severity
of defoliation (percentage removed) was also markedly lower in
the "young" tillers.

Since green leaf length of tillers bore a fairly constant
relationship to height of tillers in these pastures the tillers
of greater size were also more prominent in the sward. “hen
this charscterirtic is coupled with the horizontal grazing process
of sheer (irnold, 1960) those tillers which are shorter would
be expected to be grazed less frequently and probably less seversely
in & relatively uniform sward. Added to this the "youngest"
tillers may have been less accessible during the period II of
rxperiment 1 as pasture density incresased.,

It might be expected that the younger tillers would be more
palatable than older tillers because of their ages (Arnold, 1960).
‘lowever this does not appear to have occured in this study. In
txperiment 1 because of the rapid rate of growth after the dry
surner all tillers were probably very similar in palatability.

The pattern of grazing of young and old tillers in this study
contrasts with the emphasle on young leaves of tillers and against
less palatable older leaves. This pattern of lesf selecticn was
for periods of rapid and slow rates of growth and a range of

sward astructures.

As & consequence of the small young tillers being grazed
less severely, they will retain a greater proportion of young
photusynthetically active leaves relative to the more severely
grazed older leaves. This feature together with a lower frequency
of defoliation may alter the relationship between the young and
older tillers of the tiller population within the subsequent
growth period (Davies, 1969).

(d) Selectivity.
(1) ithin the pasture:
The feature which appears to be most marked in this

study is selection of the longest, and most prominent
arrears of the sward., It should be noted however that these
pastures were closely grazed after the first week and cannot
be compared with often reported situations where exceasive
length and variability of pasture allows rank, unattractive
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herbage to develop (Suckling, 1964; Airnold, 1964). On
the pastures in this study where the size of bite was being
reduced the tallest tillers were probably the easiest to
graze and from which the largest bites cculd be removed.
Yogether with this selection the pattern may also be
produced by the hcerizontal zrazing of sheep on uriform
swards, resulting in the remevael of talliest tillers first,
in a normal set stocked pasture, where the availability
is not declining; at a rapla rate us in this study, a pattern
cf selecting the tallest tillers and areas of the paddock
provably alds in i:aintaining the vigour of the whole pasture.
’he ghorter areas of the pusture with a lower lesaf area for
photosynthesis wculd, under this lower defouliution pressure,
Lbe permitted to make tihe necessary growth relative to the
taller arens.

{(1i) ithin the tiller:
Cver the ranie of availabillities an

1d pasture heights in
this study it apuears that the sheep selected their diet
rainly from the two youngest leavee on tiilers. ‘illoughby
(1959) sugrested that under conditions of reduced aveilability
selectivity is probably restricted, and conporents consured
in proportion to thelr aveilsbility. ‘his pattern dces not
annear to occur here winere even for clogely grazed pasture
conditicns the degree of selection varied very little from
that observed under taller pastures. At any one timpe tillers
ususlly had one or two leaves present where the ligule had
not appeared and these leaves wculd be capable of expansion
into the grazing zone during subsequent rest periods aiter
grazing. bDecause only such leavegs ure capable of expansion
this nay have maintalned the selectivity of such leaves on
the closely grazed swards,

The ability of grazing sheep to select the youngest
leaves on a tiller and avoid the older leaves could affect
the rate of loss of dry mstter, from set-stocked swards, by
death and decomposition. OGince leaves are generally ungrazed
after they reach position 3 (the third youngest) on the
tiller most material in this position or lower horizontally
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in the award will die and be lost to the grazing animal
under set stocked conditions. This loss could, on the basis
of the results of this study, be occuring similarly under
short and longer pasture conditions. It is likely tou be
accentuated during seasons when the rate of leaf initiation
and lead desth 1s very hign because leaves will reach
positions where grazing is unlikely (e.x. %) more quickly.

Defoliation lattern of :omnev and werino Sheepe.

The frecuency and intensity of defolistion was remarkably
sinilar for the two breeds compared in this experiment., ‘fhe
pattern of change during the experiment appears to fcllow closely
the chunging pasture conditions as frequency and severity incresses,
irdicatinyg thet in the range of avallabilities and heights studied
toth breeds respond similarly in grazing behaviour and resultant
defolinstion pattern. /n uneven esppearence of the merino pastures
duriry, the exneriment gave the impression that the nmerinogs may
be grazing tillers less severely or less frequently but apparently
trheir effects on the pasture are rather siriler te romneys. itlowever
it is not possible from this study tc suggest whether different
breeds wculd react differently under other conditions, such as over
different grazing periods, stocking rates and times of the year.

Although the freaquency and intensity of defoliztion of the two
breeds is aimilsr there are indications that the pattern of
selectivity may vary. The different aged tillers were grazed in 2
different way by the romner sheep and merino sheep., vhere the
romney sheep grazed the "o0ld" or tallest tillers more freguently
end severely, the merinos showed rather a reverse pattern; the
"young" or shorter tillers were grazed more severely than the
taller "old" tillere and the frequencies of defoliution were similar,
The pettern exhibvited by the romney sheep hae been suggested to
largely result from the horizontal grazing process with perhaps
little evidence of selection on & vertical plune. The pattern of
the merino sheep suggests thaut selection on & vertical plane could
still be gpparent for this breed even for relatively uniform
pastures. GShort tillers in the sward are grazed closer to the
ground and no less frequently than tall tillers immediately adjacent.



‘his greater selectivity by the merino sheep is aiso supported by
a greater selection against the older leaves on the tillers than
was observed for romney sheep.

liart (7970) has pointed cut cthat sheep have s vary short
concentraticn perica for any particulur plant. This neans that
selective grazing could be larsely deterzined by the physical
proximity cf desired uud undesired components. 1f they are close
together the srazings cheep 18y only have time to get tne greater
part of its mouthful from the desired compoanent. liowever :rnold
(1964) hes found that waere very selective arazing on a vertical
plane is fcrced by 3 higih desd mutter content of pasture tne rate
of Liting is greatly reduced which mey allow thae degree or level
of selection between components to be increased. .f for sone
reagon tne selection on a vertical nlune in the nerino breed is
heightened tiien the facility for distinguishing between desired
and undesired cowponcnts 2ay aiso be increacsed; tihals would sllow
younger leavai to b2 gelected more nHrecisely in preference to
older lezves as wos ghserve

iyrezter sglectivity of uerino siicen is elsc iniicnted by the
puttern ol ~voldance ¢f herbage arcund dung paitches. rhiz may
equally represgert u lcsser dlscriminstion by the rowney Ureed,
but there ic nc evidence in the literature to suggest wihica may
be the case. o irnstances huve been sishted nowever thut suggested
that sheen did nct graze hertage wround dung psts in the Jield
althourh a shoeort-terz avoldance of herbsge snelling of l'ueces hus
been observed (see earlier discussion). irevioug history «ffects
selectivity and inteve of grazing ruxinents (icolycont, *%€7) and
tuie factor may have been involved for the two greups of siaeep
in this study. <The romney wethers had teen reared on the iassey
University sheep farms where pastures were nainly of well managed
improved species and selection between components may never have
been very important. However the merinc wethers had beenrn reared
on karlborough hill country in the .outh Island where the pastures
would comprise a greater proportion of native grasses and weed
species (Bezgs, 1962). In such an environment selection between
components is likely to be very marked (Suckling, 1964). Thus
the patterns under each breed may have bsen a carry-over from these
earlier environments. However selectivity between the merino and
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romney breeds needs to be studied more clogely under different
pasture conditions to give a sctisfactory explanstion for the

results observed in this Lxperiment.

Tthe ielationship of Defolistion .attern to Grazing Zehaviocur

and tne Grazin;: . oocess ©f heeépe

The influence of grazing behaviour on the defollation psttern
by grazing sheep has recently been enphuasized ®»y Allden and
“hittaker (7970). '‘he findingein the present study support these
proposals and especinlly their conclusions "thaet the frecuency and
intensity of renoval of plant materixl reaches its highest rate
when herbuxe is in short supply and is at a ninlnum where there is
an sbundance of nherbage." Howeaver this study also shcws that sgome
sodifications may cccur at very low avallabilities, where the
f
cr adjustrents in gsrazing behaviour and perhaps to chanites in

ol
renauency #nd intensity wiey decline probably due to adaptations

tae growtii form of the pasture,

Rile pgrazing belhaviour and defcliution puttern are probably
closely linked it should be realised that the relationship of these
two factors to pasture height and availability may vary depending
particulzarly on the density of pasture. Cn typical fustralian
pastures vhere noust grazing behaviour studies have been carried out
the sheep nay start to adapt the rate of bilting and grazing time
while peatures are still cuite tall (see ige 1.1) due to the low
density. <n wmore dense swarda, typical of liew ealand and the
United Jingdom, tue size of bite is probably maintained until lower
heights are reached. Therefore the pattern of defoliaticn, in
particulsr frenuency, may start to alter at a greater pasture height
in low density swards than in hieh density swards. The very high
frequency of defoliation on the high stocked treatment during
period I probably resulted from rapid changes in behaviour on a
swvard low in density, because of drought effects over the preceding
suamer,

The defoliation pattern observed on the present densge swards
irndicates the importance of grazing in a horizcntal plane on such
pastures. The mean percentage of G.L.L. removed (ranging fron
22/% to 36%) was such that complete defoliation of any tillers at
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a single grazinsg rarely occured. hather pastures were gradually
grezed more clomeiy to the ground from the top of the canopy and
were pot eunten olf at sround level.

““hile the steep vrazed mainly in the horizontal direction
thie did appear to bs in patches. This patch effect, which is
provably typilcal of shaeep (..tanleton, 1348; Lorris, 1969), was
especially warred in the early stages on the merino plots waere
the gsrazed areas apuoared as definite indentations in the canopy
(see .late < e The metuod oo location of 6 clumps of tillers
randomly to each of 40 trsmsects located randomly, wss not
suitable tou detact tuls putbcn grazing efiect and s8¢ the reassons
for the selection of these giten could not bLe related te ths
measured pasture ifwectors. it is probable thiat under low stucking
rates it i these 21tes that way be the object of centinued
gprazing while adjscent ungrazed aredas hecome more rank and
unnsccertable as cccured in the study which led to the present
sardisen of the merino snud romney breeds. in thet stud, the
werinc were stocked at 32 sieep /hectare (comuared with 4u.2
/hectare in this study, and the grazing period also extenved to
the time of active sprins rowtihe.

~raold (19¢€0) states thet sheep graze on the horizontal
rlane and sclect on the vertical plane. .oelecticn appears to
occur in tils study where the youngest leavec of indivisuzl tillers
ure prererentiaily selected, but this may be influenced by the
denseness of the swurds and their growth forme 1The merino bireed
may exhibit a greater selectivity on a vertical plune in such
pastures than the romney breed (see previous section).
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SUMKANY
TN g ol L R T

In this theris the defciiction psttern ¢f cheep was examined
first at a mediur and =z high stecking rate (36.1 and 79.7 sheep/
hectare) using romney shkheep and second between the merinc and
rornay breeds of sheep (2t 44.4 sneep/hectare). Both experiments
were conducited on cocksicot {(lactylis glomerata .} swards waere
tne avalletility of pasture

o8

eciined from high levels initially
er levels of 400 to 1000 igg/hectare.

1500 to 2500 sge/hecture S¢ low
The ueiphts of paesbture sisc ceclined Ircm 10 to 15 cm to 1 te 2 cm.

The l{irst expuriment wes carried out 1n the autunn scuscn and the
gseccnd in the winver seuson,.

'‘be Ifrequerncy and severity of deloliustion of il tiilers,
and age catgogories, wag coaraved.

Jilers were deroliuted every % days under the hign atocced
trentrment, dbut the i1recuency deciined tc every ov.d days under
very short pasture cconditbtions. dnder the nediul stocaed treatment
the [recuency of dejeliztion increased slightly frow .1 days
Levween graziag to s.7 daysy  sthe decline in hei it ol tals sward
wag not so sevare,

Jhe leupbh ©f wueoele i) removad per siller at o deroliation
declined as tne teiy;at and U...... 0f the tillers deciiancde. Lhe
iaean percenidge of lelew. renovad was 33 . on She medium stocked
treataent and 37 . un the al-n steck :d trestuent. This nercentage
2id not casnge significantly with changes in the aelgnt of thre
npacture Unler both treatmants new Hiiier: proedaced ewriy in the
exporiwent were prazed with slmilar fregucency und inteansity to
established tiller

.

=X
sbages O0f Lhce experiwment wers grazeae less frequently on btae

P4

but naw tiliers produced during thoe later

medluaa stocwud Sreabuent o less 3everely on tie hign stocked
Vregtzant. 3y contrast youn;er leaves were pre.erred over older
lezves 8t all times in woth treatuents,

Ferino and romney sueep srased tillere with a very sirpilar
frequency and severity oif defcliavione. oaney shee) grazed
gstabllished tlliliers wore severely thuan youny tillere while merinos
grezed youn: tillers more severely than established tillers,
Jdorney shae)d also grezed estavlished tillers nmore frequently than
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young tillers but merinos prezed young tillers just as frequently
as established tillers. +“hen tlhe pustures declined in height
established and new tillers were grazed with similar frequency
and saeverity. .

A chelacteristic of the merino ~srazed puddcck wag the
development of s dunyg patch grazing etffeact tyuical of asiry
pastures. <Thig ~ns not cheerved on e romn:zy paddocKe

iasture factors such ag helight and den-sity wevre inportant
in deternining tne d2foliation pastern. [hese factors tosiether
#ith the inlluence =& gzrsziag; benoviour an the defulistion
pattern are discussad,
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eteorologlical Data for "Grasslands”" D.5.1.:d., Falmerston .iorth.

temperature rainfall
“egn iaX. meas ¥in. ksqn Hagwﬁbs. ﬁig'Aba. Centi- No of | 30 yrs avge
C C C C o metres days 1928-1960

1969

Kay 14,6 7.9 1.3 20.0 0.8 99,6 14 88.9
June 1.6 3.0 743 5.7 | =2.6 51.8 | 13 99.1
Tuly 11.0 3.0 7.0 13,9 | =2.2 33,1 | 10 7847
August 12.9 5.8 9.4 1642 =1.2 63,8 13 8342
Sept. 16.5 8.1 12.3 20.0 3.0 32.8 11 73,7
Oct. 1555 7.2 | 114 19.1 -1.6 37.3 13 9645
Nov. 20.3 10.5 154 24,8 2.2 33,2 7 83.8
Dec. 22.8 13,7 184 7% 28.2 84 92.7 1% 83,8

|

1970 | f

Jan, 24,2 | 4.9 19.6 29.0 845 274 | 8 7642
Febr, 22.8 | 13.1 | 18.0 27.4 940 849 | 6 7642
larch 23.2 | 1341 1841 29.0 5.9 83.0 | 15 61.0
April 19,0 | 0.6 |18 23,7 3.8 24,6 | 11 8346
ey Wb 6.0 1044 | 21,6 | =14 | 98.0 M 88.9
pune 13,2 | 543 9.3 17.4 | 0.6 |119.6 @ 15 99.1
July 12.8 5.6 9.2 16.0 1.1 14,5 ' 16 7847
August 13,7 5¢5 9.6 1848 -1.6 70.4 g 13 83.9
Sept. 15,3 8.0 |11.6 20.7 1.3 |165.1 18 7347




Table 1.

APPLNDIX II

oummary of ubsgrvation Dates for nxperiment I.

liigh Treaticent

Lew reatment

Date of Irterval Date of Interval
Observation (days) Chsaervetion {days)

karch 351 Conmnmencement of ixperinent
April 3 3 April & 4
l" 7 4 " b 4
| " 9 2
T 1 2 "1 %
% ! 13 2 n 14 3
B - 2 "7 3
v 18 2

1 20 2 ¢ 20 3

" 22 2 " ey 3
Wean Iaterval Period I 2.67 t'ean Interval Jreriod I 5, 5
April 25 L] April 27 4

" 28 3

" 30 2 " 30 3
Vay 2 2

" 5 5 iay 4 4

" 9 & " 7 3

° 11 2 = 9 2

" 13 4

Mean Interval rPeriod II 2.7 Xean Interval FPeriod II 3.0




APPENDLIX

Table 2. Availability Data (Kgs/hectare)

_—

wedium High |
‘1ot 1 | 2 | 1 2 |
31 arch | 1723 = 119.9 473 % 85,1 1561 % 78.5 1386 314
6 April | 3963 £ 119.6 2711 % w7.9  4640,9 ¥ 160.6 | 2257 T 245.1
15 april | 1701 % 155,2 | 1928 * 139.5 1385 % 187.5 947 * 120.0
23 april | 2700 ¥ 81,7 2462 £ 160.3 | 1023 T 82,5 1267 ¥ 109.8
30 April | 2494 % 288.7 | 2448 ¥ 159,3 | 966 I 238.3 4088 ¥ 118.3
7 tay 3101 ¥ 74,7 1785 % 81,4 426 % 69.9 457 £ 13,5
U ay gs4 * 120.4 | 1019 £ 72.9 381 % 50,7 336 £ 32,1
leble 2A, Growtl: :ate (nps/hectere/day).
t.edium High
| lot 1 2 | 1 2
20 Larch - ‘
15 april + 549 + 78.4 | + 90.6 ; + 85.1
|
15 april - }
30 April + 4002 + 2?.8 " + 3‘205 + 7008
30 ipril - ? 3
14 L’-ay + 6. 32 + 50056 ! - “'074 I + 4.70




Table 3. Mean tiller® and clump* hei . libs at each observation date. (cms)
¥arch 21| spril 8 14, 14, 23 27. 30. | Lay 4 7 1, |14,
Plot 1
i‘'edium tiller |5.82 8430 Ee3?7 |5e50 [4.27 | #aC 5¢98 | 3.78 | 337 | 2.57 2.13% 1.90
Ctocked | clump |6.4 2.4
Ilot 2
tiller |7.63 1Ge 42 7.05 [5.E2 G442 | 2.30 | 3,10 | 245 2623 2.08
clump 7e2 2e3
| ‘ N
March 31 |April 7 7 11 | 13 20 25 ' 28 | 30 | ¥ay 2 5 11 | 1
Flot 1
|
18 ft111er|5.72  [6.90 6.70|3.60|2.62 [1.87 1,78 1.65(1.32| 1.8 1.17[1.27|1.30| 1.13|1.07| 1.07
Stockedcluap 6.1 i) ! 1.0
glot 2
1
tiller|7.63 747 £e73|4.05| 283 [2.53 |2eTH | 2,18 2.173[1.77 1.4311.32 1.30{1.18|1.03 1.00
clunp (7.2 285 1.1
;

* nean of 3 transects

+ mean of 10 transects




n e 3 A.

High Stocked

Mean Clump Height of Pasture (cms).

Plot 1 30 Karch | 16 April| 14 May| Plot 2| 30 Larch| 16 April| 14 May
Transect 1 6.0 242 1.1 6.6 2.4 0.9
2| 6.6 2.8 1.3 6.0 2.2 1.1
3| 3.8 1.8 0.8 8.2 2.6 1.3
4| 6.6 2.8 1.2 8.0 3.4 1.5
5| 5.4 2.2 0.8 7.8 1.6 0.8
6| 6.8 2.2 | 1.0 6.8 1.8 0.8
7| 5.8 2.0 | 1.0 6.0 1.4 1.2
8| 6.2 2.6 | 0.9 8.0 1.4 1.0
9| 6.6 3.8 | 1,2 7.8 2.0 1.1
0| 6.8 2.8 g 1,0 7.0 1.8 1.1
kedium 3tocked
rlot 1 30 Karch | 16 April| 14 kay| Plot 2| 30 Y¥arch| 16 April| 14 HNay
Pransect 1| 5.2 4,8 2.2 8.0 Golt 2.2
2| 641 4,8 2.0 642 5.6 2.4
3| 7.8 6olt 2.6 7.6 8.0 2.6
4| 7.2 4,6 2.4 6ot 9.6 2.8
5| 6.8 4,6 2.8 8.6 8.6 2.8
6| 6.2 3.6 2.4 6.8 4,0 1.8
21 6.2 5.2 2.4 9.0 6olt 2.0
8| 6.4 444 2.2 5.8 5.8 2.0
9| 5.2 5.8 2.4 6.8 4.4 1.7
10| 6.6 4,8 2.8 6.8 6.0 2.4




Table 4. Tiller Counts ( tillers/m° ) -
ledium Stocked
Plot 1 Cocks ¥5.:i. |Other spp %5.:.| Dead £5.i. |Plot 2 Cocks ¥s5.E. |Other Spp is.E. | Dead is.:.
Karch| 5651 623.1 | 683 234,5| 755 201.5 5029 490.3 | 2581 288.8 31 9.4
S April| 8678 810.4 (1225 338.4 | 530 121.1 6170 690.4 | 2468 531.9| 428 1020
12 May (12291 981.4 (1683 237.4 92 42,9 9710 1123.4 | 4957 906.0 71 41,1
[High Stocked
Plot 1 Cocks %s.E. |Other Spp %5.E. | Desd %5.E. [Plot 2 Cocks ¥5.5. |Other Spp %S.E. | Dead is.E.
29 March| 6640 639.3 | 734 215.4 | 224 101.3 4651 494,7 | 2132 527.6 | 326 107.9
25 April| 6395 623.5 |1663 445.6| 490 128.0 5814 860.1 | 3397 617.7 | 347 98.7
12 May | 7436 998.7 [3223 637.1| 357 108.1 6783 882.5 | 4519 7405 0 -
Table 5.  Uprooted Tillers ( pumber per m° )
Medium Stocked High Stocked
Plot 1 flot 2 Plot 1 Plot 2
Date [Cocks. |Other Spp.| Dd. |Cocks. [Cther Spp. Dde |Cocks. (Cther Spp.|Dd. Cocks.‘ Other Spp.| Dd.
April
15 | 60.9 | 46.0 9.1 62.3 | S2.4 10.4| 3.8 2.0 6.7| 16.6 | 8.6 3.8
18 |145.0 | S4.8 16.1| 151, 29.0 19.3| 32.2 0 0 32.0 | 25.8 0
21 |180.4 | 19.3 25.8| 83.8 | 41.9 41.9| 19.3 3,2 0 32,0 | 12.9 )
25 [261.0 | 77.3 67.7/180.4 | 38.7 70.9| 83.8 | 16.0 41,9 67.7 | 66.7 0
28 96.7 | 19.3 25.8 48.3 [119.2 38,7| 70.9 9.7 12.9/106.3 | 70.9 6.4
H‘% 58,0 | 64.4 9.7| 55.6 | 61.2 22.6| 45.1 | 41.9 12.9] 74.1 | 70.9 6.4
4 |116.0 | 70.9 16.1| 80.6 | 51.6 25.8| 83.8 | 644 9.7| 177.2 | 148.2 25.8
9 99.9 | 38.7 0 48.3 | 77.3 77.3| 51.6 | 48.3 35,4 122.4 | 154.7 12.9
12 35.4 | 25.8 0 9.7 | 51.6 0 773 6.4 6.4 51.6 | 80.6 0




Table 6. Graging Times (hours/day)

“edium Stocked High stocked

lo. reccords|hrs/day|: ..Z. | No. records| hrs/day |+ s.:.

March 30-April 6 7 6.8 0.71 1% 7.1 0.62
April 7-15 13 7.7 0.42 15 10.5 0.46
April 15-=24 © 8.6 0.46 16 10,1 0.46
April 24=lay 2 16 l 9.1 0.32 19 9.1 0.29




Tgble 2 .

Loss of Tiller .lecords.

Medium stocked.

lot 1 reriod I I'erlod 1II ilot 2 Freriod I Periocd II
R* « B Ol W 3 O R ¥ B O E % B O
Transect 1 |= = = «| 1 @ = = - - - - 1 = 1 =
2 |l= = = el = = = - = 1 =a| = 1 = =
3 |- = 1 | = = = 1 - - = 1 e = 1 =
4 @ @ @ oo a = = - - - - 1 1 = =
511 = 1 1| = = = = - - - - 1 =« = =
6|l 1 = =|«e = = = - e e e = - = 1
7 | = 1 |« o = = - - e = 2 1 =« =
B le @« 1 ol =« = = - e e e = - 1 1
Q| = 1 =o| = = = 1 - e 1 | @ @ = =
MV (1 =« = =|= 1 = = - e e e e 1] - -
High Stocked.
Plot 1 Period I reriod II +lot 2 Period I reriod II
X W 3 O0Olr W B O R %W B C it W B O
Transect 1 (- 1 - 1|1 1 3 3 1 1 =« = | 2 2 3 2
2Q|= = = 2|= 1 3 2 2 2 1 1| 4 1 - 1
3 | = == = =l =« 1 = 1 =« = 2|2 1 2 1
4 @« @ = ={2 1 1 = 1 1 - 1 2 2 1 5
S| = =« 1|12 2 2 1 -1 1 = 1 1 = 1
6117 1 1 112 3 2 = 2 1 = = 4 1 1 -
712 2 1 2|1 3 2 1 - = = =12 1 1 1
B|1 = 2 3|= 1 = 1 - - 1 = 3 2 - 1
Qe 1 = 1|11 1 =« 2 1 = = 2 1 = = 2
M (1 1 - 2|3 5 2 2 - = 1 = 1 = = 1
‘

* R« red, W = white, B = blue, O = orange




Anslysis of Variances

Source of Variation Sums of equares D.fe Mean JON P
corrected Square

Replication 0,01 1 0.01 0.02 HnSe
Treatment 57.80 1 57.80 92.23 e
Repe. X Tre. (Eq) 0.62 1 0.62
Transect 2.69 9 0430 0.22 5.
Trans. x Tre. 5.01 9 0.56 0.41 K.So
Trans. x Tre. x Repe. (Zp2) 24.81 18 1.38
Colour 1.98 3 0.66 1.61 K.
Col. x Tre, 0.40 3 0.13 0.32 Nele
Error 3 47.12 114 0.4
Period 14,45 1 445 | 25.35 ol
Per. x Col. 1.92 3 Co.64 1,12 .5
Fer. x Tre. 8.45 1 B8.45 14.83 ee
er. x Irans. 6.1 9 0.68 1.19 N.5e
'ere X Trans. x Tre.

X Hepe B35 9 0.93 1.63 NeSa
Error 4 79.22 139 0.57
Total 261 319
Treatment High (80) > ledium (16)
Period Period II (64) > Period I (32).

Period x Treatment

LeSeDe L]

27 (5i)

lligh - period II (54) > High - period I (26)
low -« period I
low - period II (10)

(6)




Table 8.

Freguency of Defolistion of all tillers (no. defoliations /195 days).

Medium Stocked.

iericd I.

. e

!

od II.

Transect

5| ©

o
wn

K

cacd pde

10

Plot 1

Plot 2

1.80

| 2.08*1.52

1.87

2e04

1.60

1,86

173

1.9% [1.91

1.952 |2.04

T.84

1.87

1.89

1,49

“>
1o

2.07

1«98 |1.86

[¥)
[ ]

¢y
(o))
Mo
[ ]

S
Y

2.1 (2,03

178 |2 14

|
I

1.96
!

10 34

1.96

1.7

1.93 2.1

1.74 [2.24

2.02

1.85

1.96

1.80

Plot 1

Plot 2

High Stocked.

2.82

3.09

3430

3.29

2.76

2.76

2.70

3.02

3.00(3.19

3,02 |2.91

2.97

3.09

317

3¢31

2.28|1

2.76

2.06 |2.09

«Oh

2.00

2.12 |1.87

2.37 |2.60

2.26

2.51

2.56

2.58

* Each figure derived by calculating the mean frequency of tillers(within a clump) having

records throughout the expariment.
clumps so transect means were calculated from clump neans.

more completed tiller records were present.

Bacause of lost tilllers no estimates could be made

completed
for some

Clump means were calculated where 2 or




‘nalysis of Variance

Source of Variaticn Gums of squares UJ.f. kean sgquare Fo Pe
corrected

Keplicaticn O« 009 1 0. 009 0.7 NeSe
Ireatnent 2173 1 94173 771  N.3.
18Pe X lJiee L4 Ue¢119 1 0e 115
raasaecy Qe S 9 0,072 1¢2 Nelle
Jrans. x e, 04360 9 0,096 1.6 R.S5.
TraiiB. X 6D 0¢31C 9 0.03 Ce5S N.l,
fransd. X ‘re. x Jep. D 04510 2 0.06
Jaeriod 2.646 1 2. 046 139.3 L
a0, X Mre. 4,585 1 44585 241,35
1'@le X JransSe 0.167 9 U019 1,0 Neiie
aror 3 1,518 29 Ue 019
Jutal 20,632 79
eriod. Period I 2443

‘eriod II 2.06

pericd 1 reriod TI,

teriod x Irestment.
J’...f.;a:;‘. = 60114 (‘JIL)

iiigh period I (2.01)  High period II (2.16)
Low period I (1.85) and II (1.96,
High period II (2.46) Low period I &nd II

irangect x Treatment x Elgg.
sing lLurcan'e kultiple Range Test.

High plot 2 transect 2 (2.82) transect 3 (2.41)
transect 4 (2.56)

Medium plot 2 transect 1 (2.18), transect 10 (2.05)
transect 5 (1.43%)




Table 9, Frequency of defoliaticn of individual tillers with recocrds
complete during leriods I and II (mean no. defoliations

QQI’ 1’2 dﬁ‘fS)o

¥edium Stocked,
‘ransect 1 2 3 4 5 6 7 38

10

0

Block 1 | 2,12 | 1,81 2410 | 2412 [ 2.12 | 2405 | 1,98 | 2.12 | 2,09 |2.05

Block 2 | Ce23 | 2623 | 1498 | 1,98 [ 1,64 | 2416 | 1,91 | 2,02 | 2.C2 [2.1C

High Stocked,
Block 1 | 2474 | 299 | 2459 | 2:52 | 285 | 2.77 | 274 | 2,70 | 2.74 |2.96

Elock 2 Qe63 | 2aD5 | €eGO | 2470 | 2e74 | 2679 | 288 | 2678 | 202 [2460




snalysis

Var ce

Source of variaticn OGums of squares D.f. i.ean square F, Pe
cerrected

Heplication D.0 1 0 Nelo

TreatTent 4495 1 4,95 4.95 *

Repe x Ifre. (Eq) 0.C1 1 0.07

Transect 0.06 9 0.01 De25  UHe

Trans. x ire. .27 9 0.03 075 s

Trang. X 3D 0e13 9 0,01 QeH . 5.

ju2 Ne32 9 0,04

Lotel 575 39

Ireataent. Iigh (2.7€)

Yediun (2 ° OG) °



Teble 10. Precuency of Defoliation of "Old" and "Young" Tillers
during period I (nc, defoliations /15 days).

tedium Stocked High Stocked.
014 Young: 014 Young

Transect 1 1.39 1.83 3022 F 2686

2 1.37 2.48 225 2 ot

3 170 1,79 2037 e

4 1.70 2.22 3415 724

5 165 1.83 3.10 Z2e55

o 2.28 1,96 3,13 2614

7 2402 1.70 3e46 .86

8 1657 1.70 546 Z.41

9 222 1.71 3426 2473

10 2e15 ‘ 2.48 2492 2,00

Aanalysis of vVariance.
Source of variation duns of squares  D.f. iiean 3quare e ie
| corrected ;

Replication 0.27 S 0.03 " 0623 .S
Treatment ! 13,05 1 . 1285 100D T
Repe x Tre. (&1) o o 9 0«13
Category 0.01 1 G601 Q603 | Iie3,
Cate. X Hep. ! 1.65 9 C.18 . 6,00 7
Cat. x Tre, 0.35 1 0.35 1.17 H.3.
Cate x Tre. x Rep.lp 2.81 9 0.30

Total = 20.15 39




Table 11. Freguency of Defoliation of "0ld", "Young" and "Youngest"
Tillers during period II (no, defoliations /15 days).

iedium .;tocked High Stocked
0ld Young Youngest Ccla Young Youngest
Transect 1 2055 Boqs ‘I.SO 1.78 1.84 1.84
2 2.55 2.10 1.13 253 2.76 2.37
3 2.25 2.10 1.35 2.21 2.10 2.89
4 2.63 1.95 219 2.45 2.68 1.78
5 1.80 1.50 0.%4 2.25 1.78 2.17
(5} 2.18 2,06 0.%4 2.53 2.53 2¢37
7 Q.40 1.95 1.31 2453 1.16 1.78
8 2.15 2.06 1.88 2.53 2.96 3,43
9 1.80 2.50 2.25 2.53 355 2.17
10 210 2.40 0.75 2453 3.16 2.89
Analysis of Variance
Source of variation 3Sums of Squares D.f. Lean Square F. Pe
(corrected)
Replication 3,15 9 3415 097 N.S.
Treatment 3,11 1 3,11 7.97 *
Rep. x Tre. (E4) 3.52 9 0.39
Categories 2.32 2 1.16 %2.67 **
Cat. x Repo 3.62 18 020 ! 1.62 NeSe
Cat. x Tre. 2.34 2 1.17 9,75 °*°
Cat. x Tre. x RQPQ(EZ) 2.22 18 ! 0.12
Total . 20.28 59

LoSoDo = 003‘1 (1%)
Sig 014 (2.31) and Young (2.32) - Youngest (1.90).

Categories x Treatment L.S.D. = 1,03 (5%)
High -« young (2.45) - low youngest (1.42).



Table 13. Severity of Defoliation (mm removed per defoliation and

% removed per defoliation).

Medium Stocked.,

Period I Measured difference | Correction* |mm G.L.L. % G.L.L.
in G.L.L. ; removed jremoved
npril 8-11 13,35 1.1 W46 | 41,3
11=14 10.15 1.89 12.04 | 43,0
14.-17 8.82 1,00 9.82 43 .4
17=20 4,31 1.00 5431 30.3
20=23 3.55 0.15 3,70 24,8
eriod II
ppril 23-27 1.12 2.80 3.92 29.3
April 27-lay 1 3,59 0.68 4,27 31,0
May 1= 4 2.52 0.60 3,12 29.5
b= 7 3,02 0,90 3.92 38,7
7- 9 1,46 0,19 1.56 18.73
| =12 2,67 0,60 3,21 36.5
ﬁigh 3tocked,
Perioi I
March 30-April 3 4,25 1.92 6.17 32,0
April 3- 7 | 5.61 3.29 8.90 41,8
| 7- 9 6.25 0 6.25 | 34.0
? 9-11 4,54 0 4.54 | 34,9
| 11-13 3,32 0 3,32 36.4
| 13-15 | 1.92 0 1.92 29.7
15-18 0431 1.46 1.77 3542
18=20 2.67 0.18 1.85 30.8
20-222 2,06 0.96 3,02 57.2
eriod Il
Wpril 22--25 1.74 0.54 2.28 53 .4
25--28 - 0.47 1.98 1.51 41,1
28.-30 1.34 0.30 1.64 33.9
April 30-May 2 1,52 0.66 2.18 29.1
May 2- 5 1.71 0.30 2.0 28,6
5- 9 0.97 0.10 1,07 23.9
9=11 0.89 0.40 1.29 28,7

* Mean increase in G.L.L. of ungrazed tillers over observation interval.

t
|}



analysls ol Varlance (mm_reuwoved)

Source of Varistion Cuas of Zguares U.fe Yean Te P,
correcteid Squara

Ireatnent 45%5 1 4838 842 “

Feriod AR5 1 6675 11,73 -

Tre x 'er, 400 1 40095 702 *

t.rror 123253 23 570,592

Total ‘ 240771 26

Preatzent. ledium (53.33) > .iigh (31,%4)
TFeriod, Feriod I (58.54) > Pericd IT (24.68)
Preatment x ieriod. Lieieie = 27448 (5.4)
pedium reriod I (L2.44) > iiph Jericd I (41,93, aigh
feriod 1I (17.23), iedium ieriod II

6

\Ji

.55).
Aigr Ceriod I (47.9%) >idgh reriod II (17.20)

ihererfcre mediuw Lignificintly grecter thiyn high trest-ent during

perioé I but not durine period II.

snzlysis of Veriance (_ _rercved).
Source of Varistion funs of lrousnres Jele ean aqaiare "y 2
corrected
Treatment 76 1 76 1.04 Hier®le
Feriod 42 1 2 0e57 NelSo
Tre. x .er. 56 1 56 0.77 M5

Error 1683 23 752

Total 1857 26




APPENDIX 11X,

Table 1, Summary of (Cbservetion llates for ‘xperiment l1I.
Homney ¥erino
Date of Irtervzl Late of Interval
Cbeervation (days) (bservation (days)
July 1 tlommenceren’ of “xperiment
S 2 July 3 2
? 4 7 E
10 5 10 3
13 3 13 2
Cff for 16th due to wet conditions
17 3 17 3
20 3 20 >
22 3 23 )
25 2 25 2
.ean laterval __9 days sear Interval Z.9 days
August 1
2 P
& 3
& < iugust 7
10 2 10 3
13 2 12 2
15 2 15 e
18 3 18 3
21 % 21 2
24 3
26 e

hean Interval 2.5 days kean Ilntervai 2.7 days




Table 2. Aveilability Data. (Kge/hectare) .

Romney ierino

Date Kean ¥ :.Z. of Vean Mean ¥ o.Z. of Hean
June 29 2275 150.4 2295 127.8
July 7 1740 10040 2095 187.0
17 1563 110.0 1888 9847
4 1244 8340 1536 110,0
31 1367 19.4 1736 172 4
august 7 1048 110.1 1365 16944
14 933 W47 1279 129.2
26 925 90.1




Table 20

Ifrequency of Defcliation

(Mean no. defoliations per

15 days).

Llomney. Terlod T,

iransect 1 P 3 + 5 ) 7 S 9 10

Cluﬂp 1 ".SC‘ .“.-)i) 4*.'\) A:oJO 1.05 204 ’7.{)‘) 4-()":‘ ‘?.Z‘.Q 2010
2 4.5C 0‘175 ’?.L):) .E:)S‘ '.50 (’.‘0""0 1.)‘(.) 4065 ‘1-'50 4.(\:3()
3 Te DT 0a20 17,05 090 1.80 1,35 0,30 1.55 1.50 1.65
/‘:‘ "‘ ft:) '\.")O 4.;2:) 4."’)‘) 1.{)5 2. '70 2.‘7() ‘I.’.‘}‘:’ 1.05 1.65
. 1620 150 2440 1,380 1605 1400 1425 2405 1.95 1.90
© 1030 1eCH 1635 1425 1,05 146D 1430 2425 1430 G990

' ean 4.“&7 1.25 4.70 4058 4045 1085 4070 ’3098 "070 4.67

~erinoe. reriod I

Slump 1 2-70 CetD 1430 UL0 4.5'7 14.20 4005 1420 ’].)0 J.()O
c 780 2,50 1,50 0460 1,05 2170 1,20 1,65 1,65 1.50
5 Ue79 100D Ue?7D 120 1635 2640 1490 F.20 00D G406H
4 1.50 2.25 1,95 1,50 1,05 0,350 1.20 90 1,80 Q.79
5 2.25 2.?5 1,950 "005 4030 000 "065 009(-) U et 1005
6 2.25 1095 ‘!035 4‘55 TecU 105‘) Ge0l TecU 140 u045

.. 040 T80 2600 7 4B Oo‘;‘b 40‘*5 403‘5 120 quB 1ok '1005

* Each figure calculated as mean of
within a clump,.

records of 4 tillers




Table Z.

(cont'd)

[lomney

Pericd 1I.

L ]

Lransect q 2 ) G4 5 o 7 8 9 10

Clunp 1 2033 243G 0690 1402 2487 323 3,22 1,62 1,97 2,33
2 ReBT B3 MeH0 1,02 1,843 2,069 1,25 .20 1.97 1.80
3 102 2458 1,27 Ce09 1,07 2459 197 2.5 2.15 3440
4 P3P TP MeB2 2.33 2.5 2,15 2057 1,50 1,80 2615
5 1.02 1635 1,80 1,07 1.8C 197 287 4627 Med 2,69
6 T3 2457 2615 2,57 1443 2.00 2.32 2415 232 1,00

.ean Te98 26284 14771 2612 177 Qo557 €26 2403 Te737 2430

.erino, i'eriod II,

vlLu.xp 1 202) 1.()(‘:‘ 4050 :.O? 1‘022 2.25 3-00 \:l07[) P L?oq’q'
2 ﬂ.f“.";”_' 4.;7 2.'3)& A.&(‘i Z‘.:"‘U ,\."'?4 A.;:f» "}.37 4.69 .37
3 Tede TaBG Evcl cebe 5l vy 192 GaS7 1,07 1,52
""‘ ;.'Zw:) ;:.()z ’.'_(!7 .k:J’/) (.\. -A 2025 0 .3‘? ﬂobg ‘?.,;‘L.'. (\.75)
L,; C:.é,’) c‘;:.«.li/‘ 4./0 Eebith ol IQU,‘) el 150 (./erzf ‘06’)
o Te37 1609 1407 262D CoUilt 407 2044 2o07 1,57 1432

- ean 123 1,97 1.94 2,13 2,50 2.175 2.25 156 .47 1.57




‘nalysis of Variance

source of Varlstion sums of Zouares L ¥ean 5 e
corrected square

‘reatment 3¢20 1 3,20 3.73 i v,

ransect 2.65 2 S, £ Ge 54 S

(‘re x i'ransg (.4) 7.7 ) 0.86G

clump Do fF 5] Ca 12 O« L

clu x ?re x 'ra 10.69 4y Q.24 Cell3 KeDn

Lrror o 1681 50 Je3E

Ceriod 15.7 1 15.72 01 G5 res

ier x Jie 0,07 1 0.C? Q.27 BaBs

i'er x ra 4,07 3 Q4D JeUZ 1

Fer x <lu. 0.61 5 0,12 Oott? H.8,

er x Tre x Tra. e 67 9 Coeh? 1.C1 ritwe

Error 3 244,27 25 Nelts

Lotal 50 .01 2393

reriod 11 (2.02) Feriod I (1e43)




Table 4.

Frequency of Defoliation cf

01d" and "Young" Tillers

(po._defolistions /15 days).

romney. Period Il.

Transect 1 2 3 4 5 6 7 8 9 10

clad 4|€)6 1.62) "o‘-)’6 qofi} 4-75 2.05 ".a'} 2.:?-‘1* 407} ,075

Young 1,44 1135 156 LG4 0e31 1s0b Qo1 106 Tets? 7O
Feriod 1l.

Old 4.’)1 2."‘;} ’3.~;O 2.3’)0 '].72 2.;0 2.50 (_’:.’zt.) d.’j“;} 2.1“’2

Toung 1,63 1,92 1,32 .42 1.2 2427 2434 182 178 1,99

Merino. Feriod 1.

vld 2,00 2.24 4.51 1,12 .72 1,720 137 0,98 1.0E 1.76
rericd ldie.

old .57 1497 2.0 2,27 2435 2.27 1476 2430 Te3% 1,068

Young 1,65 2,03 1,50 1,73 2.78 .88 0,98 2,10 .38 1,35




Analysis of Variance.

source of Variation Sums of quares D.fo ean e i35
corrected square

Treatzent 0.27 1 0.27 0.26 Vel

iransect 1409 9 0.12 0.43% oD

're x ‘ra (T4qJ PAPRSY 9 Q.26

Category Te D2 g 16950 | 17438 -

Cat x lre. Qel/ 1 0e27 2,38 TeBe

cat x Jre x tep.(ip) 1440 13 0406

Pericd Se74 3.74 | 17.8 =

Per x late 0617 Ce 17 0,31 e

Ter x at x ire. UedD 0e25 RS Helle

Error 3 79 37 Q.21

Total 13416 79

"Cld® (1.86) "roung" (1.58)

15\

Period II (1.34)

veriod I (1.50)




Table 5.

severity of Defcliation. (mm rerioved per defeliation and

. removed per deioliation).

iionney. feriod T.
~gasured dirference vorrection” | @ Jewease o Gemse e
5o I PP rer:oved rasoved

July 3 =7 $e03 }o 28 Ge 36 20 4l

7 =1 7 e 06 TaD3 779 25625

10-«45 2e17 0 2617 7e13

12 =17 a5 2.0 Sel 23¢E81

17 =20 750 0 7«20 23e11

20 =2% 4450 0 a0 2057

2% =25 | 9400 020 5.20 24 Cl
Yeriod Ii,

August 1 - 3% 4435 O o440 G4e7Y 22656

2 -6 0e25 183 2,05 22450

6 -3 3452 Qa0 Zecd 36628

8 =10 %48 Ce50 4,25 43,45

10 =13 2o T Ce 1) 2ee? 25461

13 =15 0,62 1497 23457

10 =18 2e 07 CalZ C ot 29,63

15 -2 D6 13 Te 58 1454 21,00
Ferino. Fericd 'i.

July 7 =10 4 g0 0 4461 13456

0 -13 4,68 Ce 53 7426 236

13 -7 5.3 3.00 $e%0 2. 68

17 =20 5e 19 G2 e 37 16.40

20 =23 633 1.00 7et3? 30669

22 =25 5¢04 0 De U4 20.59

Yeriod «1l.

August 6 =10 2.12 0436 Celd 2155

10 «13 CeD3 Ce45 228 28.06

13 =15 5459 .02 421 35.79

15 =18 2.60 092 Ce53 26.74

18 =21 1.82 0.90 2.72 30.94

21 =24 2¢21 0.10 3401 42,28

* KMean increage in CG....L. of ungrezed tillers over observation interval.




Analysis of Variance (a) mm G.Ll.L. removed/defoliation

source of Variation Sume of Squares Vefe hean F Ve
corrected ~quare

Treatment 1% 1 M 0,01 Nede

Feriod 5963 1 5G63 0e0G *

l're X L8l 20 " 20 0.0q JG’.:\).

srror 42554 e 1472

Total 417281 25

erdod I (65.68) > Period Ii (2%.53) (CeC5) 0

~

(D)% Goiie e Temoved per

deroliation,

Hource . Variaticn | sums of squares Dok . e3n S e

~orrected Ssunre
Treatoent 4 1 4 Deiis i
I'eriod 257 1 297 YN =
Ire x .er. 29 1 29 Vet Kot
Lrror 1036 22 47,09
fotal 1286 25

Jeriod il (30.89) > leriod I (Z22.+427 (0405
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