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INTHGDUvTION 

(;limatically t{ew Zealand is favoured .for (5rass growth a nd 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 (i) herbage production of pastures and (ii) the 
utilisation of this herbage. Enlightened fertiliser useage, drainage, 

improved p�nture species nnd grnzing ca�•gamont have improved p asture 

:flroduction, while improved utilisation has beon achieved from 

progressive change� in management and stocki ng rate. 

With year-round grazing, there is a continuous interaction 
between the pl�nt and the animal communities. The interaction increases 

with stocking rate ( Arnold, 19�3); with increased possibilities of 

either co:munity being unable to sustain production and collapsing. 
l !W Zea: .. and researcl: worke:rs hctve been awar:-e o! the points at w�ich 

t"!'le �laJlt aad a.nical COl!U:lU::litiE�a interact and in particular the e!!ucts 

of tt.e 1�raz:tng animal on t:1e pl11nt community ([.ears, 1956). The 

effects of ";he paetu.re, tn quality and quantity, on the grazing 

anime.l �ppe :�.r to be less well understood. 

Experi nents invol·'ling the 15rowth responsef; of aheep grazing 

v?..rit�us �re. 3S and Grass plus c:�over pe stur e s h<:1ve indicated the var:Lable 

nutrltive v:tlue of pasture spe(:ies and in partlcule.r the high r�utri·:;ive 
v·aluv of whl te clovur (�f'olil!'! repens L), (litte, Brougham, GlE·nday 

tnd Butler, 196'; Hae, Broughall and Eartc�n, 1964.) 

Australian studies have shown the e:xi.stence of optimum quHntities 

c•f' a vailable paetur't in pG.rticulaz· green r�.atter (i'.1lloughby, 1�}58, 

1959) and height of pasture (Arnold, 1964 a) !or maximum animal growth 

rates. Structural changes of the pasture can also affect animal 
per.forxaance mediated through changes in grazing behaviour (l,rnvld, 

1964 ·). The:ie aspects have rece ived lass conside:c-ation in Ne,• 

Zeal.md. 

The affects of t:1e animals on the pasture are fourfold; 

(1) defoliation 

(2) treading 

(3) excretal return 

and (4) seed dispersal. 

This last f actor is probably or lesser import�ace in intensively 

grazed improved pastures. 

The trea.ding effect has been studied closaly using the te�hni<;.ue 

dev�loped by Edmond ( 1958). liia result s indicate the considex·able 

e.ttt:ct treading can have in redu.:ling growth or pastures and Cl:iangitLg 
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bo�anioal compoaivion and possible long-term ettecba brought about 

b7 the above and changes in aoil properties (Edmond 1966, 1970). 

Seara ( 1948) haa eb.own that the excretal return ia an important 

tao1Jor contributing to the high production of New Zealand paaturea 

becauae of the quantities ot nutrients returned in a readily available 

torm. Indications are that with increased stooldns rates excretal 

re1Jurna will further .tavour pasture growth (Barrow, 1968). 

�he final et.tect ot the animal on the pasture, which is the sub�eot 

ot this theaia, ia defoliation. Sears (1956) aaya "the maJor influence 

on paatur• growbh ia the aeleotivit7, intseuity and frequency of 

defoliation and the asaocl ted competition tor light between species." 

The defoliation pattern and selectivity of graaing Sheep will be dia

ousaed in the review of literature. 

The frequency and intenaity ot deto�iation ot a pasture ia likely 

to V&r7 largely according to the system o:t �·•1D8 uum.agement employed. 

U� ayatema ere possible (Wheeler, 19621 Specl41.ng1 1965) but the 

moat widely uaed involve either a type of rotational grasing or aet 

stocking. 

Under rotational grasing there is aome control of the frequency 

and intensity ot defoliation but up unti1 1965 (Spedding, 1965) 
nothing could be said definitely for a aet atocked ayatem ot gruins 

management. An 1nveat1gation by Hodgaon ( 1966) in England, involved 

the frequent observation ot emall unita (tillers) ot a perennial r,re
graaa .. ard under a aet-stocked ayatem ot management. He abowed that 

the frequeno7 waa proportional to stocking ra•• and severity increased 

with atookins rate. A number ot aillilar experiments have been carried 

out 1n England and Australia (Arnold aDd Greenwood, 19681 Morris, 19691 

Hoctsaon and Ollereneb&w, 1969) oontiraiq an inoreaae in 1'requeno)" ot 
defoliation •• atooki� rate increases. There ia leaa agreement on 

the change ot snerity with atooldns rate. 

In tb.e 1nveat1gation reported here, Hodgacm• a ttohnique waa uae4 

to eatimate the t�queDQf and aeverit7 of defoliation ot individual 

tillers in a cookatoot (Dactz1ll sloptratt L) 

apeoit1c -.yatem of sra•inl• 
1. !he erteot ot 2 atooking ratea (36.1 au4 ?9.? aheep/hectare) 

aD4 
2. The effect ot •n'-raal bree4a (romne7 aDd aerlno) • 
bperi.aeat 1 waa oarriecl out ln the au.1N.D. of 1970 and Experiaeat 

2 1n the wiater ot 1<)?0. 
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CHAPTER I. 

I:a the r view ot 11 terature the pa1r�e:r-n ot defoliation will 

be examined in 2 aectiona t f'iraii, the observed selectivity of cletol

iation and secondly, t� trequency and s.ver1ty ot defoliation ot the 
pasture and its components. A ahort introduction will �ve a backgrOUD4 

to, the factora leading to grazing by animals, grasing behaviour, and 

the graaing process. In general d1acusa1on will be confined to the 

pattern of defoliation produce4 b7 sheep. 

Animal In!akt apcl Select1!11il 

The action of eatins by the animal arises trom the animal's drive 

to eatisty ita appetite and is aodit1ed by a number ot tactore. 

JlcOlymont ( 196?) haa suggested a model to explain how ea-tins ot phagio 

behaviour is controlled. Phag1o behaviour ia atimulated by an inherent 

ener17 demand ot the animal the magnitude being proportional to the 

metabolic size of the animal (body weight to the power ot 0.75 approx.). 

However other facilitatory or inhibitory stimuli m� ari e which cause 

the animal to continue or ceaae from phagic behaviour. These atiJilUli 

may be inherent •· g. ma.ximum energy intake • distension ot atomaoh, 

fatigue (all inhibitor.y) or adventitious ••i• heat, diaease, social 
1Dhi�)ition and pqohio atreaa, unpalatab111Q", nutritional atreaa 

(nutrient deticiency or exoeaa). 

fbe aeleotion pattern o� the animal in the paature ia mediated by 

stimuli acting through either the amell, aight, taate or touch senses. 

The reaponae of the animal to theae etiJm.lli D11Q' be wither innate 

(determined at birth) or learae4. KoOlymont auggeata that innate 

behaviour probably oooura oDly in very 70u.q aDimala . The known learned 

responses are froa (1) daa, 
(2) habit - what tJPe ot paa� the an1aal waa 

reared on, 
( ') avoidance of plan1Ja producing rap14 1ntoxlcatioa, 

aD4 
(4) habituation - reduction in intake 4ue to oontiaaJ 

.xpoaure to one todder, ••S• rougha1e in aprlnc. 

Beaidea the atfeot on aelection, these internal &Dimal taotora 

aloq w1 th paature taotora will erteot the gru1JJS behaviour f4 the 

animal. 



graaiy Beh!rlour• 
The nutrition or the grazing animal ie dependent upon the animal's 

ability to gather ita own diet and the quality of that diet . !rnold 

(196�) has described the grazing behaviour ot aheeps "On good pasture 

(yielding about 2,000 lba dr7 matter per acre) sheep will graze tor 
8 houra a day. This graaing time ia usually made up ot two or three 
lons periods ot grazing interspersed by much shorter periods." The 
rete ot eating is prob bly about 40-60 bites per minute (Arnold,1964a). 

Swdiea with sheep have shown that grazing behaviour varies 

with p�siological state and changing pasture conditione. The appetite 
ot the animal incre aes with age, lactation, poor previoua nutrition 

and atter shearing and this ia reflected in either greater rates or 
eating or duration ot grazing or both (Arnold, 196�1 Arnold and 
Duda1nak1, 196'7, 1969& Jilc»anua, Amold and Ball, 196 7) . Britiah 
breed ot sheep have a greater intake than merino• (Arnold and Dud

zinaki, 1969) but it ia not known if thia cauaes a signi!icant change 

in graaing behaviour. 
Grazing behaviour 1& atroDgly influenced by pasture tactora. With 

a decreaae in availability Arnold (196') tound that the eating rate 

tire� incraaaed to a maximum at about 100 b1tee per minute and then 

the grazing time increasea, up to a maximum ot about 10.3 hours. 
fheee changea represent the animal's tlexib1l1ty to 8&t1ety its appetite 

because ot a reduced size of bi'e occurins a the availability deolinea. 
Recent atudiea indicate the reduced height of the paetUI•e ae 

probably the iaporiiant factor oauains 11h1a reduced aiae ot b1.te and 
concurrent gracing behavioural changea. Allden and Whittaker (1970) 

diatur'bed iihe Usual relationship between availabilit1 and pasture 

heipt ('b7 rotary ho ing strip through plots reducing availability but 

maintainins heisht) an4 toUDd that the rat of intake w closely 
rela,ed to plant heiSht, there being little r lation with herbage 

yield. The7 toWl4 th t the aize of bite 1ncreaae4 al oat 11aearl7 
with length, whereaa at••r a small initial 1ner aae the rate of biting 
decreaae4. (See Fis. I1). At greater tUler lengtha ( ::::> about 10cma) 

the aiae ot bite aDd rat• ot b1tin8 varied invereely to maintain a 
oonatant rate o! intake. Partial oo penaation tor reduced intake waa 
alao achieved by an 1noreue in sraaiq ta.. It 1• 1 portant to no1ae 
that each of �••• adaptation. (sraains t1 .. &D4 rate ot bitins) 

reachea a liMit. T.bie meaaa that they beooae inorea•� leaa etteotive 
in coap•naatiq tor re4uoed 1ntake, 1a particular where the anlmal 
requireaen'ia are h1p ••I• lactation (Amlol4 an4 DudaineJd., 1969). 
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At l ow pasture availabilit i e s  ( he ight ) Allden and Whit taker found 

that young animal s ( lambs ) were abl e  to maint ain a greater int ak e  

than older animal s ( yearl ings ) which they suggested was due t o  

the relative mouth sizes; a small mouth giving an advant age under 

such c ondit i ons. However at high availabilit i e s  t he si tuat i on 

i s  probably revers ed. 

Increased B�azing time due to reduc ed size of bit e may not 

o ccur as a result of reduc ed avai l ability al one. Arnold (1963, 
1964) has st::.gge sted that where an animal i s  forc ed t o  graze select

ively e. g. where preferred green l e af is enclosed in dead and dr y 

ma�eri al, grazing t ime increases. 

0 

, 1\ Rate of Intake ,, I - -- ----1 \ " -- >ve 
I \ I ' "'''Ay 
I J' ,, e 

o
f., I ' �� 

I I ', � � 
I ', I I ............ , ' 

I .. ___ .NullJb --- el" or 

I 
--- btt .. -- ve 

---

1 --.. 

10 20 30 
Length of ti ller (cm) 

40 

Fig 1.1. Relation of rate of herbage intake, rate of biting 
and size of bite to length of tiller. 

'A'�a� Allden and Wh ittaker 1q?o. Fi« 3). 
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The Grazinr; Erocess: 
The grazing process for sheep has been defined by Arnold ( 1960) as 

entinb off in a horizontal direction and selection in a vertical 

direction. 'rhis grazing o:ff in a horizontal direction means that it 

ic rare for sheep to graze from the bottom of a pasture upwards in 

the sense o::' biting whole grass or clover lea,res of! ut their baee. 

L;.ather than eat i.ng a favoured area from 6" to ground level at once the 
a.rea gradually becomes more tightly grazed ( Az-nold, 1964). 'l'h.ia 

pattern ne�·�ssitates the removal c! leaf tips first. 
The de'Telopment of patches under conditions of under·grazing 

( e • g. z;orman, 1957; bUCkling, 1964) confirm this horizor:.tal procese • 

f.s the surrt.">unding vegetation grows more rank and unpalatable the 
€:raze·d patc;:lcs will be ::10re anC. more closely defoliated. 

'l'he ser!ond P·llrt of the proness involves t3electiv1ty in a vertic.al 

plane. For example in 6. lucernn stand (1�edicas9 sativa L) containir..g 

E.t mi.x tu re o.: tall, medium and short plants and grazed with romney 
1rethers for 24 hours the animal a concentrated their grazing on the 

leav�s and stems <:>f the medium plants and avoided the moz·e mature 
leaves and stems of the tall plants. The sho:rt plants wt:re relntive:ly 

ungrazed in the limited grazing period alloweti (�\·atkin 1969 pers. Ct:lmm). 

In other words there was a definite selection !or the young leaf anc1 

ntem material and against the more mature pla:at material. 



;HE PATtERN OF DEFOLIA�IONs 
A. Seleot1J1ty. 

-?-

The aeleoti vi� ol the graaing animal haa been atudied both by 

examining the pasture before and after grazing (Oookayne, 19191 

Stapleton 19211 Reid, 1951a Milton 1953; Norman 1957 and ot he rs), 

by seque nt ial _ photographs of fixe d quadrate in grazed pastures 

(Willo ugh b7, 19651 Arnold and G re enwood, 1966) b7 an examination 
of the diet of the ��mal (Weir and T orell, 19591 Taylor and De riaa, 

19631 Heroua, 1960). T he former techniques give the moat read1l7 

interpretable information tor the efteot ol grazing on the pastu re and 
the l atter are more useful in terms of the n utr it iv e value or qualit1 

for the gra zing animala. The se lect ivity in re lat ion to nutr iti ve 
value and qua lity usually reaulta in a die t or greate r digestibility, 

nitroge n, phosphorus and total di gest ib le nutrients contents and leaa 
soluble car bohydr ate and crude fibre {A.rnold, 19601 Blaaer et al, 19601 

Me7er, Lotgreen and Hull, 1957, We ir and Torell, 1959). However aa 
t hese aapeota are ot leas agronomic aignifioanoe than the sele ctivi ty 

ot diffe�ent oomponenta of the pasture e.g. epeoiea or parts or 

individual plants ( leave s, atema etc) that arteot th e continual growth 

and productivit7 or t he paature the7 will not be diaous ed further. 

Within a plant community the grazing animal ia f ace d with several 

components which vary according to the atage of growth, either loat, 

lea! sheath or stem, and seed head. Both sheep and cattle select 

leat in preference to atem when grazing lucerne ( Arn old, 1960; Yeyer et 
al, 1957). Wi't:h graaa species the same pat tern haa been shown tor 

Rhalv1t spp., 17e�aaa (L911um app ) and mixed species awards (A.raold, 

19605 S tapl eton et al, 192?5 Milton, 195'' Bpedding, Larg and Kydd, 
1966). 

In most improved, oloaely grazed pas�•• where a grass species 1a 

1Jhe domina nt component, leuee are produced •• or near grou.nd level an4 

ate• ia only a ver,r small proportion ot that material available ov r 

the yeu. The a bil ity to selec t between di t.terent typea ot leavea 
will be more important. liodgaon (1966, 1969) showed, tor a oloael.7 

pued perermial 17•sr••• (1£. psew L,) .. &M, 1iha1J 1ihe yoW'lgeat 

leavea on araaed tiller• were detoli•••4 more frequently than i: he older 

leavea. Two s.i.Uar atudiea tor oook�o ot (Monia1 1 969 ) &Del Loli\lll 

ris14Uil (AJnlol d and Greenwood, 1968) bave ahown the preterential aele

o1J1on of expaDding aDd nnl:r mature leavea ra�her 1:han old or 4efolia1Je4 
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leavea. Arnold (1960) tound no .uch preterenoe between young and old 

leaves in the apring but at a more advanced stage ot maturity there waa 
a definite aeleotion ot young leaves, then maVure leaves and t1nally 

stem tor merino wethera grazing lucerne. The selectivity waa greater 

the more mature the herbage. Thia tendency to sraz the youngest, moat 

actively growing leavea may be explained as the result ot deliberate 

selection by the sheep (Arnold, 1966) or simply that the youngeat le vea 

are aore acoeaaible (Hodgaon, 1966; Morris, 1969). 
It has otten been observed that graaing animals select againat 

dead Hterial in a paature. On mixed nar<la IX' sed over the winter 

and apr1ng perioda in Walea, green material waa preferred to winter 

burnt and discoloured leavea (Stapleton et al 19271 lU.lton, 19,3, 

19:3). Cattle also avoid eating dead material (Oowliahaw and Alder, 

1960, 196?1 Oorbett, 1957). The presence ot dead or 4r.1 mat�ial 

in the pasture also intluenoea the aeleotion among the components 

available e.g. leat, steam eto. When pastures are mainly green the 

diet ia selected almost exclusively among the green components 

(Arnold, 1964 ·) . On a phalari dominant pasture, when the dry matter 

content waa high, at about 50%, aheep selected a diet comprising ?0% 

green componenta. Tbeae results were determined uaing the oeeophoseal 

tiatula examination techaique. Ae a re ult the�• was almoat complete 

suppreaaion of preferences amongat the gr .. n oomponenta (Arnol4, 1964 �. 
But the failure to select be�een green oomponenta when doad matter 

content oE pastures 1a h1gb. may not alwaya apply' t;he aeleotivit7 

pattern Zor younaeat leaves observed by Hod.pon (1966) was tor paaturea 
ot about 60-7r$ dead material (dry matter percentage) , and in the 

presence of a oonaiderable quan,ity ot older green leavea. 

In a complex paa�e there la oppor�ty tor selection between 

species. The selection ot one apeciea aga1nat another may depend 

either on ita palatability (oauaing tao1litator.J aisht, smell, taete 

or tou·--b. aeuationa) or acoeasi'bilit7. l4aD;J pala1iabilit7 triala ha-ve 

been carried out lnvolviDs e1,her �._:mall urdta ot pure ...n.a in whioh 

the aniaala had aooeaa to a variety of apeoies at one tiae, or where 

the animal waa placed on a certain area tor a set period of time -
uauall7 24 hour a ( Staple�on et al 1927). The ae-.hod ot aaaeaamen1; 

••• the aue ln eaoh caae. Be:fore sraal.ng, tlbe awa.rct. waa given a acore 

on an appropriate aoale aooor<liq to he qwm11it7 ot uterial presenii 

ADd a1m1larly atter the p•aills period. The value for the peroentase 

of the apeciea removed waa 'h• palatab1l1'7 ratias tor the apeoiee. 

fillotl'q, (Pb1!U! pratwe L) �egraaa apeciee, whl te olover and cocks-
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foot were found to have high relative pnlatabilities and fescue 
(Festuca spp) and. phalaris low r�.tings.. :':;imiler reuul ts have 

been found in. later trials (Ivinel 1952). Under pasture COJlditions 

the high relc ti ve pala.tabili ty of whi t0 and red clo,er (!!:;l!olium 
I>rotense �) compared to e;rasses has been noted. (VoiBin, 19�>9; 

�)tapleton et al, 192�'; ,:.ilton, '1933). Lll sununer and autu:m hill 

(lOuntr-J pastures in ·,:ales, that vrere m.linly graen., sheep s'dected 
grass ea in pre.ferencu to a var 1t:�1;y of :1er-::>s (1�11 t1,n, 195'),. 

t:.any 1nntance·s have been given wb•!re changes in pastu . .:-es, 

1nainly through changc!ts in 'bote.nical composl.tion, ]lave baen ascribed 

·eo the patte:�n of selection ar10Itg different apeci?ls ( :.::tern, 1968; 

3uckling, 1964; I,ev;r, 195�; ;,;oars, 1956 and many others ). However 

tihe following trial :L.s an illustration of whnt ch.9.nges can be 

effected. I::1 a detailed trial involvinG both cattlt:' and e:1eep under 

continuous and rotational gra�dng, Norman (1957) found selective 

grazing to alter the botanicaJ. composition of a downland permanent 

pasture. l1he initial composil'iion involved mainly creeping bent, 
(Ag_ros·tis stolonifera L), red fescue (Festuca rubra .IJ), ox-eye 

daisy (Chrysantheilum leucantbemum) and bulbous buttercup (ltanunculus 
bulbosus). ·the sulection pattern for these was determined by 
examining open and clo sed quadrate of individual specien be!or·e and 
after grazing. iJndei· close ahth3p �ruzint;, red fescue e:.nu c.n:€ 9ltl0 
bent dozr.inated the pt:tstur�s due to poor palate.bili ty of both �.pecie a 

even though acce asible ut all times. linder CHttle ;raz� .. nt.: tlHrre 
was an increase in the weed species ribwort plr.ntni n. (�.tag� 

lanceolata) and bulbous buttercup (i<anunculus bulbo$US). The 

differences bet�·een 1;he m&nagoment e:rstems were not of ·1cry great 
size. 

Palatability appears to vary with many factors but many no

called unpalata'ble species are more :?alatatde in th� spring during 
the phaae of mOEit ac-.;i ve growth. Th.is factor may help to explain 

the selection of young leaves rather than old leaves as they are 

likely to be growing more actively. In a pasture of species with 
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diveree structure, accesaibili� ia likely to be an important 

taotor in selection pattern. Uneven canopiea, which are more 

marked the greater the availability or the mon mature the herbage, 

would provide variation in acoeaaibility. On relatively uniform 

oloaely grazed awarda Hodgaon (1966) and other• (Morris, 19695 

Ho48aon and Ollerenah.aw, 1969) hlrte found that at aDY aingle 

sruing the average green leat length ot the graaed tillora waa 

greater than that ot the ungraaed . The sheep may be aeleotiDc euoh 

t1llera beoauae ot greater acoeae1b111ty or be oauae th-, are more 

eaa1ly removed. The uaeure ot green leaf length ( G.L.L.) doea not 

give an accurate indication ot the weight and aiae ot a tiller 

because ot a great variation in the thickneaa of tillera. Hodsaon 
(1966) mentions that in aome caaea .G.L.L •. waa estimated aa that ot 
the main tiller plua the length ot leat ot aeoondary tillera. 

�he aeleotivity pattern ia modified by a variety ot animal, 

pasture, management and other tactora. 

1. Animal Factora. 

�he animal apeciea involved ia an important factor in selective 

graains. When offered a choice oZ paatur• t;ypea goata and aheQp 

were leas and. nine were more d1aor1m1aating than oat tle and horaea 

tor a wide number ot herbase apeo1ea aa aingle planta and mixturea 

(Hardiaon et al 1954-). Ber\ll.c1aen an4 Morpn (19,8) alao found sheep 

to diaeriminate leaa than horaea and cattle. The pbTaioal ab111t7 

to aeleo1l U7 alao "ft.r7• Stapleton (1948) auaenaa 

"The aheep ia more refined in ita ab1l1'T to aeleot lhan t� 

bori.n•, the aheep oan w1 th eaae take an 1n41 Yidual plaat or an 
1D41v14ual leat, tu bOYiae aelecta patehea, the aheep both 1n41Yidual 

planta an4 patohea." 

In an 1nveat1gation 1aYolT1ng aheep and •••er• graa1ns luoerne, 

the ahe_, left leas leat on the planta atter graalna nen thOU&h the 

••eera relllOTed a grea'ier amount of 4'1!7 ••tter ( e7er n al, 195?). 
!he rela,ive .taea ot the aouth parts probabl7 woul4 enable ah•ep to 

sr••• aore preo1ael7 than ••ttle. 

�u aeleotln arui.Ds o� ""1• uaoo1ate4 wi� 4uns p tohea 

1a well mowa. In ou lnatanoe nearl7 100J' ot sr••• and paaa•leswae 

toras• srow1D8 near 4ung waa at l ean part1all7 reJected and 81% waa 
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complete� rejected attar }-4 weeka (Marten and DoDker , 1964) . 
This rejection appears to be due to the smell or the faecea 

(MacD1arm1d , 1969) , end may persist tor up to 4 months depending 

on the rate of disappearance of th duns patohea. No aillilar 

obaer.atione have b en reported for sheep. 

Breed differences in sheep do not appear to be important 

under intenaivel7 grazed conditione. However Arnold and Dudainaki 

( 1969) have indicated that ditferencea in intake exiat between 

Bri tiah breeda and merino a when grasins very allon herbage . It 
1 a  poaa1ble that s lect1v1'7 1a affected through grazing behaviour 

adaptation. . or hill countr.r or native paaWJ:oea d1tterencea fN.Y 
be more apparent . Hunter (1960) baa auggeated that t;be oheviot 

breed adapts bet•er to sraa1ng low ter11lity areas, whereaa the 

acottieh blaoktace grued more uniform and. fertile paaturea. �he 

reaaona tor thia are probably complex with aoae senetio influence 

poeaible.  Amonsat cattl e it 1a •usseated that tropical breeda 

m� graze more selectively than British breeds (Joblin, 1962 ). 

The author auggesta the graaing proceaa ie more cloaely aldn to 

"the biting action ot eheep than the tongue grasing ot cattle 

from temperate oliaatea " .  

The high aeleotivit7 of young an1mala grasins pasture 1 a  

frequently noted. Lamba high atocked on a phala.ria - &DJlual sr••••• -

aubturanean clover paature onl7 grazed 331' ot •h• paddock over the 
winter seaaon in an Australian trial ( Arnold, 1964 ') • Blaokmore 

( pera. comm 1968) haa alao noted a ver,y marked patch effect in 

lamb graaed paaturea , r•aultins froa oontiuu�• aelection ot 

panicular areaa o1 the p Mock. Under noh coaditiona the ungrased 

are • become inereaaingly r&Dk an4 unacceptable. !hia obaraoteriatio 

:la u�111ae4 in npl!f� oreep paai.Ds ayate• adopttKl ( See Larse aD4 
Tqlor, 1956) . �l:aia patten exhibited b7 70\Ull ardu.la IRQ" dis
appear atter a ahort tim.e (Ho4p and Do7le ,  196?) . Exa•tnsnc 
oeaophose&l tiatula aamplea taken troa lambs an4 7ear11ns mer:lDO 

sheep on the sue p ·�• theae worker• tOWld no 41tterenoea ia 

nlilropn content aa4 botui.cal ooQoaition ot diet . Both groupa 

1Doreaa1D817 aeltGte4 clover• asa1aat sraa• in pe�nDlal paaturea 

oTer the aprins per104 even tllloqh the proportion of clover in 1Jhe 

puture na d.ol1DlJ18. Other 1.a.vea151sa,loaa auaea that iPhue la 

little 41ftereaoe 'between 7earliq aa4 a4ult aheep (Arnol4, 1964a) . 

!to Wterencea have beea toW'I4 1a th• diets aeleo e4 b7 aw a 
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in different p�siologioal states when grazing phalar1a - annual 

sraaaes - subterranean elover (�. SUbterrpey L. ) pastures over a 

range ot ava1labil1 tiea (MoMa.nua , Arnold and Ball , 1968). 

2. Pasture Factors. 

It has been aaid that the degree ot aelective graaing ia 

direotl.y related to the availability of pasture ( Greenhalgh, 1966). 
The greater the aYailability, the greater the degree ot eeleotion. 

O n  a graaed atand ot lucerne Arnold ( 1960) found that the rate ot 

decline in leat percen'ase was taster the greater the quantity ot 

aatertal pr•eent. 

Under pasture conditione it is probabl7 the availabill� per 

animal as well aa per aore that lea4a to aeleotive grasins . It haa 

frequently been obaerYe4 that under low atooking rates pastures tend 

to be graaed in a pate� manner ( Suekli!llt 19641 Norman, 19571 

Bodsson and Ollerenabaw, 1969). Examining the diet o! graa1ns merino 

sheep Arnold et al ( 1966) tound the greateat ditterences between 

the diet selected and the average of the pasture avail able waa during 

the seuon of great eat availability . The converse ai tuaiiioll where 

an 1nadequ•07 ot pasture is available probably restricts aeleot1Yity 

ao that component a are conawaecl iD propo�ion � their ava1lab111 'V 

(W1lloushby, 1959).  The greate� degree ot selection at sreater 

availability per unit area or per anSmal may ariae from the greater 

natural variation 1n the puture and the greater opportunit,- to 

aeleot . Thia variation alao ariaea aa the torase movea into a more 

advanced atas• ot matur1 t7 which 1a what otten oooura aa ava1labili t,. 

1noreaeea. 

Often an iD.creaae in ava1labili127 ot paature 1a aocompanied 

b7 a aark-' ohaDS• 1n atl'Uo1nlre. Uaualq the oanop7 will be taller 

c4 1 t has been noted that 1rl taller narda there 1a a sreater 

emphaaia on aelectioa of 7ounser till•�• durins sr••1DI (Yoore and 
li44�tacombe , 1964) . !he ohaqe in nwotux-e la partioularl7 aarked 

1D the Auatrallan phalaria - annual graaaea - au�terranean olover 
paature dur1 tJhe .... r 4r7 per1o4, the Glover toraa a l�er 

oloae 'o 'ihe poUDd below u;r green Jfhorta wi'h 4r;r paaa 1'orm1DS 

u. em-elopi.Ds web OYer tu cleaired ooaponenta. The aoa1a na4117 

aooeu1ble oOJRponeat 1o 1he an1•a1 1a the 4r;r pua. In aa 
ezam.laatioa ot oeaopboseal f1aW.l.a auplea tor the 41n eeleoted 

1>,- aheep puiq a paature of tbia t7P• olover and aOile of the sreea 
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material wae not selected until aoae ot the dry graaa had been 

eaten (Arnold, 1964 · ) .  Under such pasture cond.i tions the grazins 

prooeas baa to be eelection on a vertical plane . 

Selectivity m� be greatly affected by the growth form ot the 

pasture apeoiea. In examining the pa,tern ot defoliation 1n a 

pasture of morphologically diverae apeciea the graaing of re4 

teaoue and oookafoot haa been attributed to their uprightness 

(Norman, 195?) . fhe J.Dsreaa and p•raiatence or specie · ot p". >& t  

in particular El! triyialie into paawrea 1a auggea1ied to be due 

to their ability to resist gr aing (Xldd, 1966) . Becauae tiller 

density ia hisher than that or m&nJ apeciea , £or any given avail

abili� a greater proportion of dry matter will be close to ground 

level . Therefore at a de£oliat1on a lower propor�ion ot the 

leaf of auch plants can � eaaily graaed.. Alae larse proportion 

or these Poa spp tillers are prostr te. The implications of growth 

tors on botanical oompoaition and maintained plant vigour under 

selective grazing are di sousa•d by Norman ( 1960) . Upright apeoiea 

and tho se ot greatest relative palatability will be grued more 

severely and are le sa likely to persi st in a pasture , wboreas thoae 

ot a more prostrate growth rorm � least relative palatabil1V, 

will be less severely grazed and ao pera1at . 

Mul� ( 1962) haa examined the pattern ot ael eotion 1n two 

paature typea 1  a pbalari a-lucerne pasture and a cockatoot-white 

clover puture in the Vftgetati ve �atase of growth. The a• were 

graaed at 100 aheep per aore for 8 dQ3'& and d1tterenoea 1n the 

composition waa determined at 2 4ay interval• using the point 

quaclrat tecbr.dque. In both awarda the legumes were aelected 1n 

preteren.oe to the sr••••• but u the availability declined , there 

waa a taster rate ot deoline 1A the graaa apecio oontr1but1on. 

On both .. aria the top ot the p atur was sraaed tirat . �hie 
awq llhowed no 4itterenoes in the pavtun ot 4etol1at1on and 
"leotion ot two 81mple graaa lepme puturea at a1milar etas•• 
ot maturi1J7. !owner t a later atase o£ !il&turit7 1 might be 

upeotecl the ah .. p would sr••• dittereut p aturc tin•• 1n • 

41tterent aanner1 �• •h• paature taotora �eady mentione4 come 

u•o etteot • !he a'Wq 4oea con.fil'l'll that olo.-era ar pretured. 

iao srun• but alao 1D41oat•• that he epecle.e pn1'ereaoe aq 
alte d.uriDS "he PHiDI per1o4. 4fhe aeuonal. aooepta'bU1t7 ot 

apeoiee alao a11:er• 4epemU rag on sro'"h rate and other tac or• 
(Anol4, 1966) .  



3. Management Fac�ora. 

Tht adoption ot rota�ional graaing techniques , particularly 

under oloae graz ing ,  largely removea selective graziq . Aa the 

animal haa a aborter time on the pasture there ia leaa opp· �rtlm1t7 

tor selection and aince at � one grazing the proportion ot 

uterial reraoved trom the pasture i a ,  or can be , sreater dependins 

on atoOking rate ,  all coaponenta are more likely to be grazed with 

equal aner1ty. 

UDder aet-atooking ooD41 tiona the aain variable that could 

atteot the defoliation pattern ia atooking rat e .  A e  baa been 

d1acuaaed this cu be indirect throqh reaul tant change a in the 

paature tactora , e . g. atructure . Th direct etteota of atocking 

do not appear to be great . On a Mitohell graaa aaaoc1at1on, 

1ncreaaing the atock1ng rate troa 1 sheep per 4 hectares to 1 

aheep per 2 hectare• did not alter the order ot preferences ot 

individual apeoiea chosen but the apeed of prosr•• troa one to 

the other waa greater (Weaton and Moir , 1970) . the aelection ot 

young leavea asainat older leavea and the tallest available 

tlllere at aQ1 one defoliation waa a1milar tor stocking rates ot 

29 1  71 and 91 aheep "r hectare (Bodgaon an4 Olleranahaw, 1969) . 

HarYey ( 1962) examined the pattern of aeleotion at 3 etooking 

ratea of 40, 100 and 200 sheep /acre (102, 255, 510 /hectare) on 

a phalui.a-white clover and perennial eye-sraae pasture . At the 

higheat stocking rate the •elective ability of the ah ep waa 

greater in the horiaontal d1rec1ilon1 tbe pa•turee which were 

2-3" h1gh at the besinn1ns ot the experuent ha4 grea,er amounta 

ot to'tlal terial removed in the o-1 " resion than the 1-2" rep on 

b7 tb.e 200 aheep/aore treatment . There were no dltterencea in 
the botanical ooapoaitlon ot 1Jhe diet aelecte4. It would. M 
ezpeoted that it the •ou.a11 of ut rial per •uiaal became re4uee4 
aa UDder hip a�ookiDg ra1Jea that 'tthtt ui•ala woul4 ruove a 

sreater propc>r,ion ot the aaterial oloae to the ground l ..,.el . 

4. Other :raotlora. 

Olilaate ..._, haYe a et'teot on the aeleo ivi'7 pattem ot 

sraaiDC aheep. tribe (1950) haa 4e8ori'becl bow ah•ep on lUll ueaa 

will nq b 'the 'bottou 1a "ro\llh" weather but 1D tine weather eo 
to he hUl topa. The aaaoo1a1Jiou in tMae ueu will be srue4 •• 
a oouequ.ence. In wet weather the rant vese11atioa ie uo14e4 but 

4u.riae 41'7 apella then la sreater attention to bos• &D4 UJJ plant• 
ot MP. water oonteniJ. 
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�he maJ or e.t.tect ot the aniu.l on the poowth ot 1Jhe paat� 

ia through the frequency and eeYerity ot detolia1iion of the 
ind1 vidual grow'bh un1 ta.  M� cutting trial a have ahown how the 

et.tect on gronh variea according to the pasture speci ea , aeaaon 

of the ;year and the particular frequency and intena1ty adopt•'", • 

(Broupam • 1960 1 Davidson, 1968) . 

lnweng:y ot llttoliati;p. 
The trequeno;y ot defoliation or the 1nt!nal between euoceaaive 

sru1ne;a can be determined by the ayetem ot management. UDder a 

.,-avo of rotational gre.aing it i a  clearly poaaible to impoae aD7 
number of de.toliationa per aeaaon or year. Howner the trequeno7 

ot defoliation may be confounded depending on tbe length o.t time 

that th• animals are allowed to remain gr&a1fl8 the paature . It 

animal s are allow" too long a grazing period individual tillers 

may be grazed on one or more oocaaions . Voiaon (1959) auggeats 
that 4-6 daya ia a maximum period .t"or graziDg before cattle will 

atart �o gra&e tillera a second time . 

Under a a,yetem of aet-atoOking no such control ot frequency 

ia poaaible becauae the relationabip betw.en the various animal 
and pasture factors with the frequency ot defoliation ot individual 

1;1llera are lese well known. It bu been wgseated that individual 

pla.nta are rarel7 de1'olia�e4 frequently (Wheeler , 1962) , but alao 

that the oppoaite may occur (Spedding, 1965) . Spe441q ( 1965b} 

attempted to eo pare what ditterencea 'fJ183 ooou.r betwHn the no 

818tema ot manasement and auggeeted that it ••• not ao oe�ain that 

aet-euookins nee ••aril7 reaulta 1n a ver,r 41�rerent pattern ot 

4et'ol1at1oa, "It 1a mo• unlikel,- that ia a ae'b-atooke4 ar a eaoh 

pluw 1a 4e.toUate4 daU7s the actual trequeno7 and aweri ty auat 

va:1:7 with nockiq rate and ma%Q" o'tlher tactora , bu.t theee 1nter

ae1d.ona have not; been lue.nisat«.. " 

In 1966 Bo4saon publ1ahe4 the reaulta ot an 1uveat1sat1oa ot 

the trequ�e, ot 4etol1at1on ot 1nd1Vidual tiller• in a r,regraaa 

paature .. t-nooked wii;h 7earl1na maaham aheep at 2 •tJook1n& �•••• 
ot 19 and. JO aheep pu aore (48.5  tm4 76. S /lleo,&H) . 500 til.lua 

were marlte4 a eaoh paddook (f aon) aD4 tu•• were examined eve"7 

' - 4 4-qa ant reoox.e4 u et•ur pu414 or not; sraat4 aD4 aleo tor 
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the length of green l eat per tiller present . The reaulta ehowe4 

that on the medium treatment ( 19 aheep/acre) the tillers were 

defoliated on average eveey 1 1-14 d9.7a and on the high trea.tm.ent 

(30 sheep/acre) ,  eve� 8-1 1 4�•· The authore auggeated that 

th ae tigurea m«7 have un4ereat1mat.a the treqQenc7 due to the 

abort period ot obaervat1on, and to aome detoliationa being ao 
severe that no more leat was produced on that tiller. S1noe this 
·� the pattern ot intermittent defoliation of amall units of 

herbage in a aet-atooked award has been confifted (Uorria , 1969 1 

.A.rnol4 an4 Greenwood, 19681 Hodsaon and Ollerenahaw, 19691 
OSIRO Report , 1965) . Therefore although the aet-atocke4 pasture 

1a graaed conilinuoual.7 , 1nd1 vidual parta are rotat1onally graae4. 

The �equeno7 of defoliation of individual units haa been 

tound to vary conaidera'bly. Lambs grazing a cooka!oot pasture 

maintained at 3 ditterent levela of lea.! area index (LAI) , approx. 

3, 4, 5 defoliated amall unite (8 x 8 om) nery 19 , 24 and 36 

daya reapecti vel7. The atooldns raiie waa aimilar tor all trea1J

aent • at about 22. ;  lambs per hectare . A OBIRO eati te ( 1965) 

Hpona a un1t (unapeoU1ed) waa detol.iated every 21 daya when 

sraaed b7 mature ewes at 17 aheep/heotare. Theae eatimatee 
indicate that under aet-atooked condition• individual u.n1t a are 

not 4etol1atri trequentl7 Wider mtMUI! levels ot at;ocld.q. 

However there is an increase in frequency with atock1ns rate and 
at hip levels ot atookins (91 aheep/heotare ) ,  1n41rtdual t1llera 

aq be defoliated more frequentl7 than once per week (Hodgaon and 
Ollereaahaw, 1969) . 

fheae data aontin the propoaala macle b7 Specl41J16 ( 1965� tb.a:t; 
atockiD& rate ia a � or tactcr atfeotins the trequeno7 ot 

defoliation bu.t the iaor .. •• in trequeao;r trom the data ('fabl e 1 )  

4o not 1D41oate that the inoreaae 1a <11reotl7 p;oport1onal to 

a1aoold.Dg rate aa haa been concluded .fro• Hodsaon • • or161Dal 

expuiaenta (Araold aD4 Greemrood , 1968) . 

ft!!tdtr ot Dttfl&tSiU 
One ot the 41t.t1oul'1•• in tu 4eteralnat1on of aever11;J' ot 

4etoliation ia woaius a nl•able oriteria. In O\l"ias Viala 

the aev rtty of 4etol1a•toa, or latene1_. u 1a uae4 IJDODJ'AOU17t 
ha8 'b en uaed tlo reter o e1 ther tlut rdu.ot.lon la he1p1s ot a 
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pa sture or merely the height t o  which the pasture i s  reduc ed 

regardl e s s  of ini ti al height (Brougham, 1959) . /�nold and 
Greenwood ( 1 968 )  have sugge s t ed that the s everity of defo l iati on 

refers to the proportion of avai lable mat erial removed in a given 

t:lme ( i . e .  61t a defoliation) . The cri t eri a a.c opt ed in th a 
exnmination of the severity of d e.fol iati on of individual tillers 

i.Cl a gra z ed sward hne b e en the d et ermining of the proportion of 
l eaf lellbth ( either green or total )  reiilov ed at. a sing l e  d gfol ia t i on ; 

c al cula t ed from t he difference i n  leaf l ength of a tiller between 

s �c c e s sive �efoli ations wit� a c orre c t i on for the e s tima t ed 

i ncrease in l ength due t o  growt h over the s a�e time i nt erval . 

f able 1 . 1 .  A co�,ari son of the severi t) of d•!oliation wLth th9 

stockinc5 rato ( :3heep/acre) und the grazi!.l(5 pr e s sure 
( zhee:p/100 J:c:; :-.s t o t al dr;? matter) . 

-"le c orded value _tati o  'A "' 100)  
Paddock 

A l3 ( . ·.; 

:'J ever i ty of defo l i ation 

mm/d e.folic t i on 30 .8  49 . 1 52 . 9 100 1 59 1 72 

,�,/defoli �.ti on 1 3 . 4 38 . 0 67 . 2  100 284 501 
:� t o�l .. in'"' r·u te 

( sheep/h� ctar e )  29 77 91 100 266 314 
Gra:t;ing pi·es.sure 10. 1 28 .2 48.8 100 278 48� 

( oditied after H odg son and Ollerenahaw, 1 )69 , 
Table 15 J:l.23�) 

Hodgaon and ull erenshnw ( 1969 - See Table 1 . 1 ) found that with 
an increase in stocking rate fro m  29 ,  to 7? to 91 sheep/hectare 

that the severity of defol i at i on increased. !or 1 3 .4, to 38 . 0  t o  

67 . 2 .. \;. I n  his study at different L. A . I . Morri s determined the 

severi ty of defoliation as  about 2416, with no significant 

differences between L. A . I . treatments evetl though the severity 

under the l ow treatment ( L .  A . I . • 3) was '0% f�eater than that 

ot t he high treatment (L. A . I . • 5) . Eatimaten ot the grazing 

pres sure ( the nWllber ot animals per unit of dry matt er available )  

indicate that the increase i n  the severity of defoliation may be 

more closely related to the graz ing pre ssure than to the stocking 

rate ( Se e  Table 1 . 1 ) .  Thi s indicates that the severity of 
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defoliati on may also be rel at ed t o  the pasture . Under the high 
st ocking rat e s  t he amount of pasture pr e sent p er unit are a wa s 

l e s s  and cons e quentl y til l ers were initi ally short er .  r\ s the 

a t oc:tdnr; r at e  increased there wa s a greater ab ::;olut e  l e ngth of 

�reen l e af re�oved whi c h  whe n  expre o s ed as a p ercent a0e of the 
ini tial tiller l eaf l e ngth gives a much greater rate of increa s e  
in the s everity o f  defol i at i on with st ocking because of the 
init i al ly short er t i l lers . 

�'. i ll ougliby ( ·:955) ha s suggested that under r�Jduc ed �W!d l ·1 b i l i  ty 

t he graz i ng 9.lli m al c ompensates for l ower rates of i n t air. e  by a 

behavioural cj,ange , an incre a s e  in grazing time an1 by biting 
c l o s er t o  the ground l evel . ·.rhe closene s o  to ground level tha t 
.3.n a.ni!:'lal c a n  e.nd wi l l  Fra z e  r.my be a s  im')ort ant in pl a nt recovery 
.from g�:-azing a s  the proi ort i or:. o.f gre en l eaf r emoved . : ,evere 
�raz int� can severely de cr·� a s e  growth rnt e due to rem oval of c e l l s  

that a;:-e capable o f  furt lN r  e:.>q>ans ion as well a a tho s e  c ap able of 
:>:rod uc·; ion ( .Oavidaont 1S·69 ) . Higher st oc king rat e s  were c ert '1 inly 

a c c cmpanie' l by mor e clo.t c .ly gra z ed pafiturea in t he above expt:.!'i

:nent s ')y HQdgson et al . ,  . .lowevur t ney were prc bably no t graz ed hare!. 
enough to nf.f e c t  t l::.e actively dividing and " re serve " ret;;i ons e t  
the le.lf b-' t a e s . whe eler ( 1'3��) suggested sheep can only gra z e  to 
\':i t hin an inch or two of the ground . Rcof!ield ( 1970 ) ho. s f ound 
tor ro .uney we-,; hers grazin� a clover pasture under very s evere 

c ondi t l ons of l ov; C:iVa i l ab i l i  ty (200 kgs . .J. /hectare) t hat stcl cns .. on and even below ground wer e uprooted a nd �raz ed . Thi s would 
suggest that if an ani�al is forced t o  it can probnbly graze 

pa sture pl ant s so severely � s  t o  cause pl ant death. 
Fact ora affec.ting the frequency and intenui ty of defol i ati on .  

1 .  Animal l'actors . 
No experiment s have b e .:.�n sight ed 9:h1<:h exall!ined di!!erenoee 

in frequency and sevetri ty or defoliation between animal s ot 
different ago s t sext physiol o gical atGte or breed. l)resu.mably 

a d1fferenc e in intal: e by animal s t.·ould bo reflected in a difference 
i n  1;he trequoncy and saveri t y  o r  defoli ation of similar pasture s .  

2 .  Pasture Factors . 
As in<U cated tho soverity o r  defoliation i s  probably rel ated 
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t o  the quantity of mat eri al avai l ab l e  and will therefore probably 

i ncrease wit h  short er pastur e s . The freque ncy of defo liat ion al s o  

i ncreas ed as the pasturo decre ased i n  avai labil ity ( Hodgson and 

0 ll cre ushnw , 1 969 ) . J.rnold and Greenwood ( 1963) .found that for 

merino w e t hers grazing an emerging annual pa sture of Lo lium 

rigidum fewer marked pl ant s were gra z ed in the second t han the 

first week of ob servat ions even t hough over this i ni t i al peri od 

there wa s a decline in t he quanti ty of dry ma t t er present on the 

pa sture to a l ow level of about 50 kgs .DU per hec t are . There was 

a continual fall in frequency as the pasture inc rea s ed in quant i ty 

during the fol lowi ng 6 weeks . The fal l  during the second week may 
have been du e t o  di fficulty in prehending suc h  short shoots 

pr esent at that t ime . The tal l in frequency i n the suc c eedi ne 6 

weeks i s  a natural re sul t  of an increa si ng quant ity of total u . ; .. • 

present du e to an - increas ed s i ze of exi sti ng till e r s  and the 

devel opment of new tillers allowing the appetit e to be s a t i sfied 

from a smal l er number of t i l l er s  or area of ground . 

In the same experiment the author s ind i c at e  the growth r a t e  

of t he pastur e may be important in alt ering the i ntensi ty of 

defoliation . Det erm ining the int en s i ty of defo l i a t i on as the 

proporti on of mat eri al removed per week thoy found a rap id decline 

from 14 to �6 in the first 3 weeks . Thereafter the decl i ne wa s 

st eady unt il t he s eventh week when t he re wa� a sharp ri se in the r1. se % removed . The authors suggest that thi s/ wa s  due to a fal l  in 

the growth rat e  o f  t he pa sture re sulti ng from A nitrogen defi c i ency 

and suggest that a simi l ar re s ponse may occur in other gra z i ng  

situat i ons . Different seasons m ay  give simil ar r e sul t s  due t o  

the changing growth rat es .  

No differences i n  defoliat ion pattern have been shown due t o  

the structure or bot anical compo si ti on of a pasture .  The experiment s 

described have all be en conducted in singl e apeciea awards . Wbere 

differences in morphology occur between species i n  a pasture it would 

be expected that the more upright specie s would have a greater 

proport ion ot material removed at a grazing ( Norman , 1960) . 
Palatability , stage of growth etc . of the different speci e s  may al s o  

be expected to give rise to di!terences i n  the frequency and 
intensity of defoliation t hrough sel ective grazing as described.  

Tiller number is unlikely t o  b e  important unl e s s  it varies 

independently ot the total dry matter. As tiller number decl ined 
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or rose and t ot al dr3 mat t er remained c onst ant t he fre que ncy of 
d efol i at i on may vary simi l arly . An inc rease in til l er numbe r  may 
be acc ompanied by s decrease in t he int ensity of d e f ol i ati on d ue 
to grea t e r  proportion of p l a n t  ma t er i al being clo aer t o  ground 

level and therefor e not e a sily re moved by the graz i ng animal 
( Kydd , 1 966) . 
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Chapt er II . 

_A_, ____ r_n_t_r_o_d_u_c_t_i on . 

a nu 
and 

rhe obj ect of t h i s  expe r i �e nt was t o  examin e t he fre que ncy 
int ensity o.f defol i a t i on of i nd ividu a l  ti l l er ·3 un(l er ned iuc 
high atoc k.i:1f!; r at e s  end t hei r chc. ng e s  under C ·Jncl i  t i on s  c f  

changing hci g!l"� and avai lab i l i t y  o f  pasture . 
�he experi .ne nt wa s carri ed ou t in the .�utumn wh en ti l l e ri ng 

wu s vi gorous and th�reby enabl ed s study of t �e eti' o c t  of di fferent 
a ged tillers on the patt ern of d efol i at ion . 
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L-ocati oll of Experiment . 
The exp•!ri nent wa s set up R t the " Tu apaka " '' gr onow.y r e s e a rch 

grea of I..a. s s �:!y t "niv e rs ity. I t ; i s  si t u a t ed 1 3  kil or:: etrc s n or t h-east 

from ." a.lmers t on E ort h on a 1l'otow.aru si l t  l o a m  at tbu wet e nd 
( Pollok 1971 pers comm. ) at an a ltitud e o f  ?0 metre s /!. . �: . :. . a nd 
at l a t i tude 40° 2'1 ' 8 .  

Tempera tur£� a nd rainfal l r e c ords , pr e s e nt ed i n  :: ppeno i x  I 
have b e en t a Ken from the D . f.1 . I . H . weat her stat ion 1 3  k i l orr. e t r e s 

away . 

I'he " Tu ap aka" researc� a:=- e a  waa f en c ed t o  give padd oc k s  o f  

ab out 0 . 27 h e c t are s , whi c h  � o� t he l ast 3 y e ars h�d b e en u s ed tor 
a stocking r a t e  x pa sture s p e t�i e s  x animE,l apeci P A  tr i B l . 7\.ecord s 
had b o e n  t ak en of vari ous pasture and ani.mnl pars meters • 

.La.yout of :!:x',?er·iment , 
:rwo plot s ,  eown t o  I-1 . .... Gra o r. l ana s " Apanui " c oc � sfoot ( Dactyl i s  

gl omerat a �) in 1966 as part of the tri a l  menti oned ab ove , were 

u sed for this trial . Lach plot w a s  d ivided to t5ive two s ub-pl o t s  
o f  0 , 18 hectar e s  and 0 . 09 hect n r e s  r r�pr e s e n t i ru_:; a. med ium and high 
st oc��ing rat a (harea.rter called .:.lth'lium and lli�h tret. tr£!-dH t.a )  ru svec t
ively and giving 2 repl icn.t e s  p e r  trna tment . 

Exn�rime nt§.l Antmal a .  
G n  March ; -1 st 19?0 , 28 mature romney e·we s were ran!c0d. a c co rding 

t o  weight . 7 animal n wer e alloc at ed t o  a plot to give :l e imil cr 
l i  veweight disti'ibut t on and mean for e ach pl ot . Tha me;�r. sto(:king 
ra t e s  d uring thE· trial were ;6. 1 and 79 . ? e:hoep per hec·car-e on the 
medium and hi gh treatment s . The numbers of animal s on each p_ ot 
varied elightly over the exp erim ent a l  period ( �ee ':' able 1f. 1 )  a s  

adj ustments were made to keep the repl icat e s  similar in qua nt i t i e s  
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of pasture pre sent . Period I ( 1.'arch 31 et t o  ,\pril 23rd ) and 

Period II ( April 23rd t o  � ay 14th) represent an Arb i tr ary d iv i s i on 

of the tot a l  expe ri me n t a l  p e ri od i n t o  approxi m�t ely siMi l n r  p eri ods 

of 3 weeks to a id co•npa ri !Jons of chang es in the p '-'�t t ern of defol
i at i on wi t h  t ime nnd 'Ni t h  d ec r e a r.: i n!:'� hei ght and. avai l ab i l i t y  of 
pastur e . .Ph� u s n  c f  short p c :r· i cd .:: of ob serva t i on hu r: b c cm di scu s sed 

by �lo<lgscn ( 1 9cf.) ) , who four:d t L.• t �: or .e r.or t er 1·l eJ·i od s ( "' �  dHys a s  
aguinst 30 duys) t h� frequ e ncy o f  J e fol i a t i o n  t ends t o  b e  cl i cntly 

of d.e f 'J l i a t i or. • 

.. r:i.or t o  t' ·-: t, r j u �  t; ;  , f ·  :...: � .>:: t'} 1  ·.r; ei· (; �ra. z ed on c c ck� foot pa stures 
si:Jil ar t o  t .�e ex:... erir-J ent · :. l  �w·j rd for 5-6 days • 

.:..'abl € I :  "'! .  

-- -
' ed i um � i t:)ll 

· heep/ylot :,n e e1)/hec t u. L'e : ·n.eep/plot . :1e e ;J/hec tare 
�)eri od I 
( 31 I arch -

23 'cpril )  7 . 6 41 . 6 7 . 4 5 1 . 2 
eriod ..,. .... ..i.. .l. 

(23  April -
14 t ·ay) �) . 6 y..:; . 7 7 . 0 ?6 . 9 

l 'eri od ' �<· I I  
( 31 : · nrch. -

14 i.-.ay) 6. 6 36 . 1 7 . 3  7'J . 7 

,, 
v e  ..:e tnod s . 

�sture . anurement . 
On F ebrua ry 20th the pl o t s  w e r e  cl o sely mown , aft er being grazed 

ov e r  the l a t n  sut.1mer peri od , to :re ;rove aB much dead mat eri al as 
po ::: o ibl e . decau ::;e o r  a drou•�ht period ov er the previ ous spriilG and 
suiL.De:r.' , growth Wd S negl i;£i bl e unti l th e au tumn rains cor.nneno ed in 
mid-�arch . From then on growth wa s rapid and the experiment com
menc ed on 3 1 st r. arch at whi ch t ime the p l o t b  c ont ai ned ctbout 1250 

kilOisrams of dry mot t er per a cr e . .::'be hei gt1t of the pasture was 
6 to 10 cm . 

For 3 years previous to the ox:periment the plots had received 

an annual appl i c a t ion of 500-600 kilosrams of ure a  per hectare in 
3 dre ssinr; s ,  appl i ed in .\ugu s t , Hovember and t arch. On Iiarch 9th, 
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19?0 , 125 kilograms of urea was applied. 

Till er Ident ification. 

Two hundred t i l l ers in each plot were ident ified by slipping 
l o ops of plastic c o a t ed wir e  ov�r them and down int o the base o! 
the sward , anchoring the l oop s to the ground . The a e  wer� l o c a t ed 

20 t o  e ech of 1 0  tra nsact s ,  7 . 5  metres long . The loops were about 

10 I!U;J in di ar.:et or , ... ad e from 0 .  5 mm copper wire with a plastic 

c oating 0 . 25 �m tl i ck ( l � ate 1 ) . 
rJ.the tran s ect s were po si t i oned by di viding each plot into 

rivc e qual ar e C\ s  u ud randox..1ly sel e c t i ne a. site in e acl. a1· e a , 

at euch s it �  a pnir of trans e c t s  was l oc at ed . �he ends of each 

trar. sect were marked by 40-50 c . rn . l ent;ths of "conduit " pipe driven 
into t!1e ;:�round w i th only 4-5 c . rn . app earing above gr ound . •rhe 
transect line , a pla s t i c  coa t ed c l o the s line 1�rked at 30 c . n . 

i nt erval s , W !:i f3  pl aced in p o s i t ion a t  u ach ob servat i on by perr.>nnently 

attac hed. iron pins whic h  fi tt ed into the " condu i t " pipes . 'rhe 

p o s t  t i on o f  the " c ondu i t ' '  pipes \'w l'\ 8  1r1tH'K ed w i th whi t C"J ·w o od en pegs . 
Jec u. u a e  o f  di f f i c ul ty found i u  l o c a t i ns t il l o r s  r.wrl-: od ningly 

it 'w s n e c i d ed to r:.ar:t� t i l l er s  i n  r;roup s of 4 .  ·:i thin eRc1:. group 
t i l l er s  were sy s t ecat i c ully m a �· ed with red , whi t e ,  blue a �d orange 
marke r s . 1�hes c  c ol o urn were u s ed t o  aid relocat i on and ul E o  t o  

mark different age c a t e  :ori e s  of t i l l er s .  1ied 9 whi t tt  and b lue 
markers w ore c r.  t :'.. l l er s  of tz;.L'ea t cr than two l eave s  at the t i ne of 

r:nrki nc und c l c. � [; i fl ed !.: s  " o l d " t i l l  era c�nd orange l oops l1t-rk ed 
t 1 1 4. er :J of twu l e 9V O B  tit the tirre of murk int; and c l a u s i f i ed a o  

"yount; " ti ll ers . \t the time of marking mature t i l l e r s  hnd from 
3-5 gr een l e ave s , so that newly dcvelop eQ t i l l e r £  were murk ed ae 

tho s e  having no t more than two l e ave s .  'ri l l oro of one leai' were 

not marked in thi s cat egory becau s e  they were often of very aoall 
size i n  relat i o n  t o  the great er pr oport i on of the t i l l er popu l a t i o n .  
J�fter thre e weeks ( at t he c ommenc eme nt of 1-'eri od II ) a further "your..g"  

till er s e l e c t ed b y  t h e  s ace c rit eri � ,  wa e marked in eaoh clump 

using a yellow loop . Th e s e  were classifi ed as ' 'youngest " t i l l er s .  

Tillers within a group were 4-? c . m .  apart and c l umps were never 

clo ser than 20 c . tas .  

!.'eaguremen t s .  

( a) Individual til l er records . 
At 2-4 day intervals ( Cee Appendix I I  Table 1 )  all t il lers 

were examined and rec orded as e i t her grazed or no t grazed . .:hen 
till ers were �ra z ed the parti cular leaf grazed wa s recorded ; tbe 
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Pl at e 1 .  

Vi ew of pl ot s s howing trans ect in po sition 

(upper) and grouped markers b eneath the 

t ransect l ine (l ower) . 
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youngest at each obs ervati on -1 , next youngest -2 , and o on. 

Freshly grazed leave s were split with a needl e to give a slit ;�5mm 

long parallel to the leaf veins nnd running t o  the fre shly severed 

edge . The pre senc e  or absence o! this slit at succeeding obser

vations showed whether the leaf had or had not been graz ed . Thi s 

method proved suitabl e giving agreement with green 1 a! l ength 

measurement s . 

\;1 thin e ach plot 3 transect a were randomly select ed and at 

each observat i on all til l ers be side s being recorded f or defoli ati on 

were measur ed tor h ight , and ! or length of green l ea! present . 

The length o! each lea! was taken a o  that from the tip t o  ground 

level . Thi s aesum a that cocks�oot l eave s  are attached at or near 

the ground surfac e  in vegetative pl ant s ( ve e  orri s , 1 969) . 

( b )  Pasture Measurement s . 

(1 ) Availability and Growth R te : 

At weekly int ervals ample s  1 . 3 x 0 . 3 metres ere cut 

to ground level from each plot ( 6  from l ow treatment and 4 from 

high treatment plo t s )  using a portabl e ··aunbeam" shearing 

handpi e ce . Each sampl e  was weighed green and then· bulked within 

plots . A 40-50 gm sub-sauple was taken , weighed and dri ed at 

80°� !or 24 hours in a "Unitherm" electric oven , and rew ighed 

for dry matt er determin t iona . On 4 occasions 50 grams 

subsamples were tak n and subdivided tor botanical compo sit ion 

int o  green cocks!oot , other speci e s  and dead mat erial . The se 

were eighed after drying .  

Growth rat e was determined by the Austral ian differenc e  

method ( de scribed by Lynch, 1966) . �ithin each plot two 

1 . 8 x 0.9 metre cage were plac ed on selected area , judged 

a repre sentative of the plot . Atter 2 week the se were out 

to ground l evel and the e ple s  dri ed and weighed . The growth 

rate as calculat ed as the difference between the caged samples 

and the availability at the time ot placement of the cag e s .  

The cages were then pl aced at different sit e and the procedure 

repeat ed . 

(11) P ture Heishte: 

occasion the verage height o! the pasture 
ov r each group o! tiller w s recorded . E eh record waa 

tak n fro the mean ot 2 e t im t e e  per clump , determined using 

a ruler standing on the ground . 

(111) Till r Den itYt 

On three occasions 50 tiller core er taken from ach 
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paddock and disected in tho laborat ory t o  dot ercino tho till r 

denaiti s .  The se cores were taken with a 5 c . m .  di ameter tiller 

core n ampl cr of the type de scribed by .:1t choll and Glenday 

( 1958) . The tillers ere categori sed as cockaf oot , other 

speci e e  and dead . 
( c )  . ni:nol B  records . 

( i ) �.�iveweight : 
Foll ow:lng initial wei hin0s ahoep were W(�i 3hed on two 

further ocon:Ji ono uoing " H·vory 11 portablo ac.Hll OJJ .  
(i i ) yrazing Time s :  

1rhrce he p i n  & '  eh treatment were fi tt e•l with "� ienzle" 

vibrarecorders (describl)d by ·.llden , 1962) to rletermine the 

d aily durat i on o :  grazing . :· .f't er 3 weeks the recorders a �  re 

changed to d:l fferent shc op to avoid undue irri nti on .frorr. 

tho harnosa s .  

Analys i s  end l ros ant o.ti on o f  .ie sult a . 

1he analysi s of vari anc e for tne frequency of tie!ol i a t i on was 
f or a spl it-split-plot de sign .  The 2 sites . ore ma in plots wi t h  

ubplots o f  the 1 J  tr�sect s within each mainplot x tr atmont . 

Furth r subplots ere then taken for the 2 p riodo Ni thin each 

trans ect . ·rhis e >eperi.::tent al d e sign has the dvant �e of increau1ng 
the accuracy o:f det crt11ininc; differenc e !! in the sub-_plot and sub- sub

plot tre atment • At the sume t i�e so� o accur acy is  l o � t  in t he 
oa in plot treat ment , which in thi s  c a a e  wa s toci�ing rat e -.;� . T h� 

experiment therefore ensur es a hi gh  le el of occura cj 1hen compering 

di!fer nc ee between period I and perio II,  hich r epre s  nt s 
dlffel'ence s  in pa ture hei .,.ht n d av il bili ty . e e s  datil i s  

availabl , on the u t t ern of d !oliatiou in rela i on to pu tur heisht 

effoctn than in relct ion to _toc :ing rot e  ffecto . 

· G neral pasture records , ani tal oe asurernont s o nd 
results are present ed in a sumK ari aed form in figures 

with stand rd errors for t abul t d v lue s . The d t a  
hav been a riv d ar shown in Append II. 

t ill er an ly i s  

and table 
ro whi ch they 
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D . Results . 

-
� � a � 

8 

Pasture Measurement s . 

( i )  Availabilitz: 

An e stima t of the chaue;i ng quanti ty of total dry 
herbage avai la'Jle at eac:h stocking rate i s  pre s ent e in 
?'ig . I I  . 1  ( CUr'Te s drawn fre e hand ) . lowar<l s t he end of 

he axp rime t some i i f  cul ty u expe ie 1c wi n 
cc at ely o L g .. o soil cuntamin t i on . 

Fi e I I . _:!. 

20 
----- - - ----- - .......... X ........ 

" .......... / 
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.... 0 
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1 6 1 2  1 8  24 30 6 1 2  
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FIG.  1 1 .  1 CHANG ES IN TOTAL DRY MATTER AVAI LAB LE 
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Pl ate g_. 

General and clos e-up view of the pasture s  

prior to c ommenc ement of Experiment I .  



- .50 -

Plat e 2· 

Close-up view of the medium stocked (upper) 

and high stocked (lower) pastures at the end 

of Experiment I .  
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?rom a im i l ar l eve l �--; at the c 0n�mencement o f  the expe riment 
the t ot a l  dry � a t  t e r  'ln.) e r  the J:le c" i.um tre a t ;r•.e n t  ·� ;-- · e ryr s  t o  h ave 
ri �cn t n e �rl y 000 � � e/h a  q n �  t h en d e c l i n e d  to a b o u t  1 000 h(s/ha 
at t 1  e 1"! r. d o!' t ·� "'  t r i ·1 , bu� ur.·• � r  t h e  h i r·h ':rE'; at :r:s n t  t •w availati l ity 
8! . e � r .-: t o  t. :..;.ve � '2 � l i n�� ·:: s t c D d i l y  t o  l e 3 �� t h an :�oc J · r s/ta at t he 
e n -l  o f  t �e t l·i al . ·�· s i r> Ll e se c u :· v e ::., 'o\D E; st i rr:t:. t e  o !'  t '"l ':: :::· e a n  

the t i , .!:1 t r•. • · t ·  0 n t t'�l t .T: u i  l r,. c i l i t ,;- J 1 F 1 ;.:-; -1 · . _::·/ · a t. " '� j u r i n ,., 
� - r i CJ :_ :. ::.  �>':. -- . , :: /t o • .  · �r· t : ( � · · :. e  ; c r i o r� �  0 r.  · · .:•  :; , t= · i u: · t re <" � :!.er:t 

( ii )  u r o ..,. v r. \ a t �.: s . 
·,<? C oUSe 

of t ht: ·�i i f i .i c ,; l t :,  i n  ch s c. s i :  1 "' ,  � (: : · •· --; t ·) � i ve ·:.. · t e s  i n  3 �, ;, <'H'd ar:d 
a � :• P J l  fi1J . .  t: p r  o !'  B H .ur L· ;:; 1 :: I"  }. l o t  � Le (; Gc· :' ·' i c i '  n t  o f  vur i n t... i ::m  

o . .  e v c r  

t . ' ,_, e ·: : ! ' i ( ' ! :- : : \ .: :l 1 � r . 

: r o w t r. o� rc �- r r �  n t 1 .v d u e  t o  t; · .c v •·· .r v � d. v c u r a  l e  r: i <.. .!' '  ·, c J.  � n n  t .i. t i or:s 

:h e rnt ·· o ,"'  d t c l i r. e  in �· r o  . .  +;t r a t e  unC: c r  t � c  h i i ;h 
� T'· • qt r�" ... lt i s  c o n R i d er � :;l ;l c: re el :; e r  t h n n  · : ;-!,: e r  l; ll e o:e d i un: t r c: a t r:; c n t 
;';-r t i c 1 ; } a :' l �· r] ur ir., · i .:r i o d l l . 

'rab l e  : 1 . 2 . ( 1�gs(ha/d a,2) . 

�) t o c k i nK r at e . 
r e d ium ! . ). . . of L.e an H i gh f! ' . 1� . o r  me an 

30 :ft e r c h  to 1 r.. ·" Apri l ( ) . 9 9 . 37 E:7 . �) 2 . 74 

1 5  �'- rr i l  t o  30 ;·. ;Jri l ;.4 . 0 r . 2o �1 . 2 '1') . 25 
30  Ar-.ri l t o  1 4  �. ay 29 . 0 2� . 20 () . 0 4 . 7G 

( i i i )  Jot ani c al Compo s i t ion . 
rhroughout the experi ment da ad m at ter repre sen1; e d  a hi gh 
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proport i on of the total dry matter under both treatment s 

( see Table II . 3) . Amongst the gre e n  component species other 

than cocks!oot were a minor part of the herbage available.  

The mai n  contaminant s pres ent were perennial ryegrass , :; ·.� '· . 
poB r:mnu o , 2oa trivi al i s  nnd Yor�shire fot; (liolcue l unntuH L) . 

Under the high treatment , the relative c ontrii'��":t i on 

of gre en cocksfoot !ell , and the dead matter rose during 

the experiment . However thi s  trend was rever sed under the 

medium stocked treatment , wit h  the � of gree n  cocks!oot 

incre a s i ng and the ;b or dead caterial declining. 

Table II,�. Bot anical Composi tion (;� dry matter) , 

31 

�3 
14 

Medium Stocked High St ocked 

Date Cocks!oot Gther Spp . Dead Cockstoot Other Spp . Dead 

March 36. 6 5 .4 58 . 0 50. 6  1 1 . 9  37. 6 
April 23 .0 6. 0 71 . 0  21 . 6  4. 9 73 . 6 
May 44 . 3 13 . 1 42. 7  34.0 1 3 . 6  52 . 5  

( iv) Pasture Height. 

The changes in the height of the sward under the 

2 treatments are shown in Fig. I I . 2 .  These he i ght measure

ment s are t aken from the same tillers sampled for green l eaf 
length. These measurement s agreed closely with estimates 

made on three occasi ons of clump heights and are therefore 

used as representat ive of the pasture height . 

Under the high treatment the sward was always shorter 

and the green lea! length l ess than under the medium treat

ment . Th greate st rate o! reduction in height and green 

leaf length occurred during Period I in both treatments .  

During peri od II  although a further reduction occurred the 

awards remained rel atively uniform throughout . The mean 

heights or the award during period I were 62 . 0  mm and 26. 1 mm 

tor the medium and high treatments and 36. 6 mm and 11 . 9  mm 

respectively during period II ( See Table II .4) . 
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rra.ble II . 4 .  Mean Heirtilt s (mm) and Green Leaf �..�en,gths (:.I . JJ. L . ) (mm) 
o! l'il l ers 

d e i ght 
llted ium 
+ ' . . 
- � . t!, . 

� t ockcd 
G . lJ • .L . + rl e i ght - .:J . M� . 

Hi gh ..:.. to aced. 
+ G . I. . L . + J . i. . - ,.,) . � . -

l eri o.i l 62 . 0 ? . Tl "1�;4 2'? . 0 5·  . 6 ? '") '"' 
. � ,: -}6 1'} . 1 

1'eri o d  l i  ?( . 1 " "7 � . c 98 10 . 0  1 1 . 9 0 . 32 44 3 . 1 

Pe r i od 
I ,.,,� I I  4� . 4 6. 44 1 5C 1 3 . 6 26. 4 ) . 1 1  :32 21. 1  

( v) �i l l er Count s . 
�he t i l l er count s f o r  e ach tre a t ment uE� suu�ari s ed in 

r abl e I I . 5 . iro m simi l ar d ene i c i e s  at t h P.  commenc ement of th e 
exp e r i :lc nt t i l l c ,., nu .. � c :- 3  i n c rc : :w e.l ov _:r· '10), .;  un1 e r  t�e credium 
t r� � t rr: ent und ne:J.rly :;o- J und e r  t !J.e hi �� �::. t; re at :lc !:tt . .::'ni s 
i. m� re H L"" ""' w.:\ s  due t o  an i nc r e a s e  i n  �.: c nu:::b � r  c l'  .; '-' � k .sf c. ot 

r c rti on of t o t al t i l l c r c  they w e r e  fer the mo s t  part v ery smal l 
i n  si z e  e e  i s  indi c a ted by the much smal l er (; Ontri uut i on o f  
" other ;:;peci e s " to t h e  total dry :na t t er ava i l a b l e  ( l'flbl e II . 3) . 
The numb E•r s  of dend t i l l m:- 1:1  d e c l ine d  und. er the: r.1ediwr. treatment 

but inc rea sed und er tl: P. hi (:,-:;'1 tre a trr.ent . The rcl n t i  V Ply l ow 
nu:r. b C' r  c.:.� d e J d t i l l E r s  c on t r a s t s  v:i. tn  t h e  hit;h �-: ropor t i on or 
total dry mat t er t.l::3t was dec.d mat eri n l , sut;�� e s t i n� t .ha t  at 

l e a s t  s ome of thia d e ad mat er i a l  mu s t  hnve been c oming from 
d e at �  of l e ave s  on l ive l e 3ve � n e  wel l 8 �  from dead t i l l ers 

2�r .!!.• 
'rhc diff erenc e i n  t ue ra t e  of iuc r e � s e  in t i l l er numbers 

und e r  e ach trentmcnt is du e mai nly to the une qual i nc re a se 
i n  t he numb er of new co ci.c afoot t i l l ers . 'l'his wus s e en in the 
proportion of cocksfoo t t i l l e r s  t h � t  c ould be c u t e �ori sed as 
" young " tt each obs ervat i on ( 2  leaves or less ) . The s e  .tell 
f rom 34 . 9, �  to 16. 4;'4 under t he hit?;h tre a t ment and from 36. 9% 

t o  18 . 2/iJ under the medi um treatn1e nt ov er the period March 29 
t o  i.�ay 12 . 



Table II•2• 

Date 
29 March 
25 April 

12 U.ay 

Mean 

29 March 
25 April 
j12 May 
I 
!Mean 

Table 11 . 6. 
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Tiller Coun�s (number(m2 ) .  

Medium stock ed 

Cocks foot t ( •  >:' Other spp . + · '  , .,, bead + ,., :E � .  :.,� . - '"...; • .:.:.. . - . .) . . 

51 50 500 1440 ?24 540 214 
7120 954 1860 60? 480 5 1  

1 1800 1290 3330 163? 82 8 

8023 '1472 2290 57 3 367 1 44  

High stocked 
5850 806 1 660 923 1 32 97 
6080 291 2540 867 428 ?1 
?120 326 3880 648 326 3 1 . 

6350 39'1 2690 645 296 87 

Mtan �eeY�Y loss of Till ers by Uprooting !£om 

15 April to 12 Up (nul!1ber(m2) . 

M odium Stocked High r.:tockcd 
;ockstoot + SE Other spp \ !  [;E Dead + .. , .F.  Cocks.foot + bi::l other spp i ! �t. Dead - - � -

I 

I 
I 

' 
! 
' 

i 
I 

I 

+ SE -

83 1 5 . 4  52 \ 24 . 2  26 19. ? 129 23.9 68 I 7 . 7 30 4.8  
I 

A!ter about two we ek s uprooted til lers were noti ced on 

the pl ot s and in l �rge s t  quant i t i e s  und er the high treatments . 

2 i n c e  the quant i t i e s  appeared t o  be signi f i cant a n  attempt was 
made t o  e stima t e  the magni tude of the l o s se s .  I n  each plot 

i I 
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6-0 . 3  metre-square quadrat posi t i ons were marked and at 2-4 

day int erval s were examined and the number of fre shly uprooted 
till ers recorded . '.l!hese t i l l e r s  were cat egori sed simil arly 

to the til l ers c ount s and the results ara shown in '.i:abl e I I . 6 .  

Under the high st ocked treatment approxima t ely 2. � ot the 
cocksfoot till ers were uprooted each week and under the 

medium treattlltmt about hu.l f thi s .  Towards the end of tha 

experiment th.� nun.ber of t il l e r s  be ing uproot ed was decl ining 

under the high tre atment but i ncreasing und er the l ow tre atme nt . 

'I'he perc entage of o the r spe c i e s  uprooted wa s 2-;}?:; e.nd 

2 ·  , and the perc entage of dead t i llers uprooted 10;"' and 7 ) l<v  

under t he high and medium treatment s re s pe ctively . 

_r, nim.al -�ecords . 
( i )  Liveweight . 

fhe chanees in mean livewe i3ht s are shown in Table 11 . 7 .  

l?ro:n s imi l ar l i  vewei, .�ht s at the c or11menc ement of the experiment , 

the ewo a  under t } l.e I�'.ed i um t .r c a. t ::Je!lt GGined wei t��lt s ii,;;ni fi c antly 

( j � )  whil e  the ewe s  und er the high treatment lost wei..;ht 
( signific(jnt at 10 (.) . e n  the medi um ·t r e at!'lent thu stdn in 
w e i ght w as s icnificant d�ring 1J o th p eri od s and on t !�.e high 

truatm ant the l o s s  in wei ;.;ht was s isni f i c i.int dur i n,5 l)Cri od i . 

rabl e Il .?. 

31 
22 

1 5  

:.:edium :�tocked High ')tockod 
Date Lean + :...: . 1� . of �ean + " of - mean - . .  ...� . mean 

. .  arch 42 . 91 1 . 55 42 . 00 0 . ?9 
:'..:r-ril 46 . 26 1 . 55 40 . 25 0 . ?9 
L1ay 49 . 2 1 1 . 55 39 . 48 0 . 79 

( 1 1 )  Grazing Time s . 
The me an daily grazing time f or the she ep on the high 

treatment was 9 . 22 hours c ompared with 8 .43 hours on the 
medium treatment , as shown in l'able I I . B .  '!he di !.f'erenc ea in 

grazing time wer less during per iod II than peri od r .  
From pe riod I to per i od II there wa s a sl ight increase 
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i n grazing time under the high treatme nt but under the medium 

treatment grazing time increased about 1 hour 40 minut e s .  The 

pat t ern of grazing under the high t r eatment during peri od I 

showed that duri ng the fi rst week there was a re l at ively l ow 

daily grazing peri od o! ? . 08 hours but in the next 2 we eks 

the rat e rose to 1 0 . 00 hours - hiBher than in peri od II . 

'J:ab l e  rr . a . Grazing T i me n  (hours/d ay) 

.Period I 

Peri od I I  

Period I & 

t.:edium St ocked 

No . of lira/day 
anima l s  

2 7 - 55 

2 9 . 3 1 

I I  8 .43 

Lo s s  of Je c ords . 

+ - . -, 
.. ) .  � . 

0 . 453 

0 . 264 

0 . 880 

1 iig!J. St oc!�cd 
Hange I4 o . of lirs/dB-3 + Range - U e i'....J e 

animal s 

4-�-10 3 9 . 14 0 . 680 3�-1 5i 
6- 12� 3 9 . 30 0 . 3 14 ?�-1 1i 

9 . 22 o . - so 

The average numb er of original ly morked t i l l e r s  survivinG at 

the end of period I was 174 in the high treatment and 1 93 in the 

l ow tre atme nt . 3y t he end of period II t hi s  numb er had fall en t o  

1 2 7  and 184 re spectively . C f  the 50 "younge st " t il l er s  marked at 

the beginni ng of pe r i od I I , 36 and 4? survived in the 2 treatment s 

r e spe c t ively . 'l'he l o ss o f  r ec ord s w a s  due to fai l ure to l ocate 

marked t i l l ers , di s p l ac ement of marker , uprooting of t i l l er s and 

decomposit i on of t i l l er s .  Suc h  difficul ti e s  c ould ari s e  for r e 3 s ons 

such as  complete def o l i a t i o n ,  urine burn , buri ed under dung , tr odd e n  

i nt o  ground etc . The l argest number of l o s s e s  oc cured under the 
high treatment dur i n� p eri od II ( 3ee  Table II . 9 ) . �he losses during 

p eri od II were s igni f i c antly great er than tho s e  in p e ri od I for the 

high tre atment but not f or the medium t r e atment . 

Colour of l oop se emed t o  have little effect on the l o s s e s .  

1 5  records wer e l o st where t il l ers were marked with red l o ops , 

12 were whi t e , 1 1  wher e  blue and 1 3  wher e  orange . The differ enc e s  , 
were not s i gnif i c antly differ ent . Of t he t i l l ers mark ed wi th 

yellow l oop s at the beginning of peri od II 7 were lost . The l o s s e s  

o f  rec ords per t ransect vari ed c onsid erably wit hi n  treatment s and 

plot s . On high plot s th e l o s se s  ranged from 3 t o  14 and on the l ow 
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Table II . 9 . He a s ons for Loss of Tillers iie c ords , and Losse s  

i n  e ach Cat egory. 

t:edium S t o cked High S t ocked 
Pe ri od. l'eri o d  I Per i od II Peri od I Period II 

No . ts_ gr;ed (oean of 
2 pl ot s ) 200 225 200 250 

Tot al Lost 7 10 26 54 
Uprooted 2 1 6 8 
Displ aced 2 � . "{ · 9 30 

Deat i.1 due to C OID) l e t e  
defo li a�:;ion 0 1 1 0 

Death frmn ot �er cause s  3 4 7 10 
' 

.!., . ..  \ .  = not re c orded 
p l ot s .frr)m 1 t o  4 .  Cn plot 1 o f  the high trea tment the l o s s e s  on 

t r nn s e 0 t  1 0  we r e  s i gr. .. i.f'i c :m t ly gre ater than those un trar. s e c t s  3 and. 
4 but .-; i�hi� o t h e r  pl ot s  there �'.'ere no signif:l c n.nt di ff er·enc e s  

between tra::1s e c t s .  I·he highe st l o s s e s  on t he hi gh p l ot s  were 

ob s erved on transect £: whe re the cocksfoot p l a..'1 t s  showed a very 

pronounc�d c rown . Wr . ..  en the sward w n s  v ery c l o sely gra zeG. tillers 

ap p e o.rcd t o  b e  readil;y l o st b y  uproot ing . 

D e fo l i at i o n  o f  t i l l ers . 

( a) [reguency of Defol i ati on . 

( i ) All Till er s :  

S ixteen observati ons (9  in peri od I ,  7 in p eri od I I )  were 

made f or the high tre atmen-v and .f ourt e e n ob s e rv at i on s  (7 in 

e ach peri od) were made in the medium tre atme nt . By c omparing 

the oe asurement s made on suc c e s sive dat e s ,  a s s e s sment s were 

m ade of the defoliation of i ndividual tiller s  b etween ob ser

vations ( T able I I . 10) . Individual t i l l e r  recorda c ontribut ed 

to a clump mean (4 or 5 till el's) because tillers within a 

clump could not be c onsidered independe nt b e c ause of the ir 
close physical pro ximity . Because of l o st r e c ords , for rea sons 

already de scribed , some clump me ans were not available and 

so estimates were analysed as the mean frequency per transect 

rather than per clump as was planned . 

On average till ers were grazed onc e every 5-7 days und er 

the high treatment and every 7-8 days under the m�ium treat-



ment . The frequency und er the hi gh treetment was s i gnifi can t ly 

greater than under che low t re � tme nt . �he frequency of 

defoliation decreased signific�ntly from peri od I to peri od II 

for the high treatment but s howed a sl i ght non-s igni fi c ant 

increl;.lse f or the medi um s·t; ocked treo.t;:ne nt . I n  b o t h  p eri od s  t he 
frequ ency under the high tre<1tment wr1 s  si gnif icant ly gre a t er 
than under t he medium t reat� 2 n & . 

�he d iff erenc e s  b e tween tranaec t s  � e r e  t e Gt ed � s i ng 
Juncans t ul tiple �tan,-;e ·.:' e s t  ( .June an, 1 (;)) ) . ,',hi le d i ff erenc e s  
exi s t ed b etwo en t runs ec t s  o f  diff ere nt plot s ,  t here were l e as 
signi ficant differenc e s  within plot s .  �t the � - level of 
o ignificanc a tr.:.nz e c t s  3 and 4 on plot 1 oi' the high tL'eatment 

were s i gni f i c antly l e s s  than t ransect 2 ,  and on plot 2 o! 

t:ledium t r e a t:rtont trnnsect 5 WD.S signi ficantly 3re :-:l t er t hun 
transacts 1 and 10 . The s e  d i f f e r e :1.c e s  su1mest t ha t  s ooe 

areas of the pl o t s  w e r o  e�razed l o s n  ret,"Ul'" l'ly t han o thc��--a . 

1},1 abl e II , 10 . Frequency of De!ol i e t i on ( days between defol l u t i one ) . 

Period 

.Feriod 

Peri od 

Int erval 
l!ed ium + "' .F - ,::;. . ., . 

I (24 days ) 8 . 1 0. 22 

II ( 19 days) 7 . 7 0 . 20 
I & II (43 days) 7 · 3  . 07 

botwe en 
of mean 

each dcfo l i 9 t i on 
High 

+ -
5 . 0 

6.9 
5 . 4 

, �  .:' U . k,l . 

0 . 07 

0.22 
0 .02 

of 

peri od x treatment • 0.45 ( 5�) 

mean 

For each observat ion date the grazed and ungrazed tillers 
were c ompared by the l ength of green l e af (G . L . L . ) present 

before defoliation. Tabl e II . 1 1 shows t he G . L . L . a a  well aa 

the hei ght s o! th e ti l ler s . The Q . L. L . of graz ed ti l l er s  was 
generally greater t han that of ungra zed t ill ers . The differ
ence� were signific ant (using an unpaired test) at the 5fo 

level or bett er for 9 of the 11  observations on the medium 

treatment and in 7 of the 16 observations on the high treatment . 

The he i ght s  of the same tillers show that the grazed till ers 

were also always higher than the ungrazed tillers prior to 

defoliation. The signi ficanc e of these di fferenc es was not 
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Tsble I I . ·1 1 .  - Uean Gre en Leaf �enf)th and �ioigb.t of Grazed 
Till ers 

MediWI� sto ked . 
"V at e 

Gra z ed 
e Apr:�l 32 . 55 
�1 lt 27 . 98 
14 " 22 . 65 
I 

1'7 rt �7 . 52 
fO 

" .... 4 . 9 1 
?3 11 ' '1 3 . 36 
?7 1 1  '1 3 .  78 
I 

� 
" '1 3 . 27 

2 i·�a.y · 10 . 57 
I 

7 lt 3 . 55 
9 1 1  8 . 78 

lligh '�toe ked . 

!SO lliarch 10 . :;0 
� April 2 / . 28 
? 11 12; . 42 
9 .. 1 ;  . • 01 

1 1  11 S . 13 
13 11 6.46 
15 n s . o:; 
�8 " 6 .00 
�0 .. 5 . 28 
' 

�2 11 4.27 ' 
�5 .. :; . 67 
f8 lt 5 . 13 

� " s . 57 
i2 Uay 5 . 21 
;c D " 4 ,47 
I 
� " 4. 50 

• p • 0.05 

(om) Be.fore 

r. e flL1 I ;  • J ... . L . 
L' n �raze :i 

24.83 
1 8 . 54 
1 7 . 82 
12  . s;, 
12 . 7A. 
10 �- 50 
1 1 .  7�) 

9 8'' 
• .'J  

8. 0? 
7 e 8•::) 
G . l37 

17 . 58 
14 . 8 1  

14 . 58  

I 10 . 96 

I 7 . 30 
I 5. 29 

I 4 . 56 

I 4 . ?3 

4. 59 
I 
I 3 . 17 I :; . :;9 
I 4 . 59 I 
I 5 . 63 

4 .45 

3 . 95 
:; .42 

Grazint"• 

.�ig . 

. ... . 

.. .. 

0 . 1 
. ,.  

• 

... ... 

.. 

. . ..  

. ..  

l i  • "' . 
• • 

l i . ci . 
• •  

• 

lf . �� . 
... 

H • .:J . 
' � 
.. , . .. ) . 

"' *  

N . s . 
• • •  

N . !.i . 
n . s . 
H ,... 
.u • v • 

Ill 

. ( '  !.1 . u . 
• •  

• •  p • 0.01 • • • 

J.ra z ed 
10 . 52 

7 . 93 
6. 38 

5 . 96 
4 . 92 

4 . 33 
3 . 69 
? . 56 
2 . <)8 
2 . 37 
2 . 42 

6 . 3 3  
8 . 09 
7 . 12 

4 . 28 
2 . 99 
2. 35 
2 . 14 
2 . 20 

2 . 04  

1 . ?:; 
1 . 45 
1 . 35 

1 . 44  

1 . 3 1  

1 . 14 
1 . 0? 

p .  0.001 
• 

and Ungrazed 

Hei�;ht 
· .. : ngra zed 

?.20 

� . 32 
5 . 93 
4 . &; 
3 . 9:· 
3 . 41 
3 1 ' ', . •' 

2 .4�) 
2 . 2·+ 

1 . 97 
1 . 9 5  

6 . 65 
5 . ( 7 
5 . � ,Q 
3 · 'i 'G 
2 . t�5 
2. 01 
1 . 65 
1 • . 35 
1 . n  
1 . 36 
1 . 24 

1 . 1? 

1 . 1 3  

1 . 3? 
1 . 00  

1 .06 
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te sted . 

The patt ern of tiller selection was also examined by 

comparing the subsequent fre quency of defol iation of till ers 

grazed or not grazed at the b eginning of the rec ording peri od .  

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 11 . 12 .  Under the medium treatment those not graz ed 

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 

previ ously grazed . 

Table II . 12 .  Subsequent Defoliations of Tillers Previously Grazed 

or Ungrazed (no .  of defoliations) •  

No . of tillers 

Medium Stocked 

Grazed before Ungrazed before 
8 April 8 April 113 

High St ocked 

Grazed before Ungrazed before 
3 April 3 April 

46 I 207 
�o . defoliations 5 .22 t 0. 174 2� 5.77 t 0 . 105 ? . ?6 ± 0.280 1 ? . 2? ± 0 . 15? 

• per 33 days for medium and 38 days f or high 

(b) Severity of Defoliation.  

By comparing the mean G . L. L. of tillers before and after 

defoliat ion an estimate c an 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 . �. 
available p�r 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. II . ,  is 50 (range 21-70) . 
Over the experimental period there is a steady decline 

in the G . L . L .  removed under both treatment s ,  levelling out 
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10  

PERIOD I 
t 

PERIOD 1 1  

0 
6 12 18 24 30 6 12  

April May 

FIG. 1 1 .  3 SEVERITY OF DEFOLIATION OF INDIVIDUAL TI LLERS 
(AI M.n GLL .-.moved (m.m) 8nCI (B) % of GLL r�. at a single defoliation. 
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during period II . The mean G . L. L. removed was significantly 

greater under the medium treatment than under the high peri od 

and during period I than duri ng p eriod II . The l ength removed 
from t i l l ers in the medium treatment wa s s i gnif icant ly great er 

than the high treatment during period I but during period II 

alt hough the differenc e was sti ll quite marked this  was not 

significant . 

H�en the severity i s  expressed as a perc ent age green 

lea£ l e ngth removed , 33 .29�� of G . L .  L . was r emoved under the 

medium t reatr1ent and 36 . ?1/·� under the high treatment . This 
. 

difference was not si gnificant . There was no si gnif icant 

difference in the }� removed in either period or w1 thin a treat

ment in e ither period . However the l� removed remai ned const ant 

under tho hi gh treatment but de cl i ned under the medium treatment . 

Table II . 12• Severity of Defoliat i on ot Individual Till ers ag 
Length of G . L . L . (mm) and as Percentage of G . L . L . 

removed C'0) • 

Period I 

Period II 

Period I 

mm 

��edium 88.44 

High 41 . 93 

Medium 33 . 33 

High 1? .28 

and II 'edium 58 . 38 

High 31 . 14 

( c) Ase Categories o£ Tillers. 

± S . E . 7& + ,... E - ...:: . . 

9 . 3? 36. 51 3 . 36 

9 . 37 36. 51 3 . 36 

9 . 37 30. 51 3 . 36 

9 . 37 36. 9? ;. ;6 

6. 50 33 . 29 2 . 33 

6. 50 36. ?1 2 . 33 

"Young" and "old" tillers were compared !or frequency 

and severity o! defoli ation during Peri od I and during period II 

a further category of "youngest " tillers was also included . 

For estimates o£ the frequency , records from only one repli
cation {plot 2 in both treatments )  were used. The results 

are Shown in T ble II . 14 (a) and (b) . 

During period I there was no significant difference 

between the number or defoliations tor either category o! tiller. 
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However during period II the "youneest " t i llers were gra z ed 

l e s s  .frequent ly than "young " and " old " t i l l ers on the me d ium 

treatme nt , whe z·eaa on the high trea tment s a.ll t i llers appe ared 
to be graz ed equally . 

The sever i ty of defol i a t i on was calcul at ed from al l 

estimateD of i nd ivi dual t i l l ers wit hin a c at egory in e 3ch 
period rather t han the mean o f  t he cat egorie s  for each 

observat i on int erval . ·rhts wo. s done b e c au s e  of the smal l 

number of ava i l able records in t he "young " and ''younge st " 

cat egor i e s  at s one observat i on dates. Under the medium 

tr eatment " old " and "young " t i l l e r s  appear t o  b e  gra z ed wi t h  

s imil ar severity in e a c h  pe riod . '.'. hile the "young e st " t i l l o r s  

may be gra z ed mor e  sever ely dur i �  peri od II thi s may b e  due 
to the small si z e  of the sampl e .  Under t he hi gh treatment the 

most not i ceabl e feature i s  t he l ow er s everity of the "youngest " 

t i llers dur ing period I I  e specially in r el ation t o  "young " 

t i l l er s .  

Table II, 14(a) l<'reguency of Defol i ut i on of "lJld " , "Young" and 

'' Y oungest " t i llers (d ays be tween d e f oliati ons ) . 

l'ld + -

Peri od I 

. .  "' ' ... . .c. . Young 
+ J . f� • -

Peri od II 

Old 
+ ...; . L . Young 

+ . r Younge st t S . 1J . - - ..... . ,., . 
!tedium 7 . 9  , o . � 7 . 6  0 . 38 6. 7 0 . 28 6. 9 0 . 43 10 . 5  1 . 23 
High 4 . 8  0 . 18 4 , 8  0 , 14 6. 3 0 . 21 6. 1 0 . 57 6 . 3 0 . 47 

L . c . D . ( peri od II ) category x treatment • 2 . 67 ( 5�) 

Table II, 14(b) 

Period 

Old 

�edium 28. 70 

lfiigh 36. 77 

Severit:x; of Defoliation of " Old " ,  '' Young" and 

"Youpge st "  til l ers (/� G . r  . .  L . removed per de.f'ol i at i o n )  

I Period I I  
Young Cld Young Younge st 
30 . 79 28 . 32 29 . 85 35 . 09 

30 . 75 }4 . 78 41 . 1 1  26. 58 
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( d) Defoliation of Individual Leaves . 

The pat tern of l eaf select ion within tillers was 

examined by c omparing the number of till ers wi th l e aves 

avai lable in three positions ; 1 - youngest l eaf , 2 - next 

young e st l e af and 3 - an older leaf , with the number of 

till ers with the s ame l eaves grazed .  ·rhe e stimat e of the 

avail abla till ers is made from thg trans a c t s  on which the 
G . L . L . was measured . The r e sul t s  are shown in Fig . II .4.  

The l eaves in posit ions 1 and 2 were s e l e c t ed more 

frequently than tho se in p o si t i on ; .  During period I ne arly 

all t illers had thr e e  leaves avail able for defo l i a t ion but 

during period II there were fewer tillers with a third l eaf 

parti cul arly under the high treatment . The selection of 

l o ave s in each cat egory was very similar over t he experiment al 

x;�eriod for each treatment . Howe,rer because of the marked 

�.ecline in leaf nuobE·r under the high treat1nent there wa s a 
f!�reat er prclport i on of the avai l able third lc!aves s e l e ct ed . 



100 

00 

60 

40 

20 
., 

1-
0 

"C ., 
N 
"' 

(.:) 

0 lOO 

r::: ., 
u 00 

., 
Q.. 

60 

40 

20 

0 

Leaf 

- 46 -

MEDIUM STOCK EO 

P E R I O D  I P E R I O D  1 1  

H IGH STOC K E D  

2 3 or more Leaf 2 3 or mot e 

F I G .  1 1 .  4 PAT T E R N  O F  L E A F  S E L E C T I O N  ON T I L L E RS 

Showing % of t i l lers with youngest ( 1  ). intermed iate ( 2 )  and oldest (3 or more) 
leaves available ( unshaded) and selected (shaded) 

T i l l ers w t t h  

l e a f  avat lable 

T i l lers wtth 

leaf  selected 
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( 1 )  (Jf Techniques . 

As a preliminary to di scussing the exp erime nt al 

r e sul t s  i t  is nec e s s ary t o  examine the validity of the 

techniques and al s o  any l imit ati ons t he s e  may pluce 

on the resul t s  obt ained . 

Pasture Measurements. 

In thi s study pasture measUJ'ement s havo be en us ed to 

define the changing condit ions o f  the pl ant environment 

which the animal i s  defol iui;i ng as a rHsult of both the 
changi ng climat i c conditi oila and t he acti on of the si1 ee.;> 
itself e . g .  treadi ng ,  defol iati on and tha return of dun� 

and ur ine . The measurement of total Qry matter avai lable 
was a!!ect0d by the dif'.f'iculty of cutt ing material equally 

to ground l evel o n  an uneven surfac e  and this probably led 

to seemingly high estimat es of availability on s ome dat e s .  
A s  plot s decreased to very low availabilities ( e . g .  under 

high stocking rate) it is possible that more soil t ended 

to be pi cked up in tho sample ,  using a shearing handpiece . 
This could have the e!!ect of slightly overestimating the 

availability and possibly altering the botanical compo sit i on .  
The unusually high dead matter cont ent on �ay 12th m� 
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have re sul t ed in thi s way , as the d � . mat t er assessment 

had , of ne ce ssity , to be t aken vot·y c l o s e  to the soil 

surfac e .  
'l'he e st imat e or growth rate represen t s  t h e  balanc e 

between new Growth and l o s s e s  a£�sociat ed with death and 
decompo si ti on . 3 e s i d e s  t he di ffi culti e s  mentioned ab ove , 
the selection of the caged saffipling site as bein� repr e s e nt

a t ive of the whole pasture may have added a further 
limi t at i on to accuracy . ·.rhe high stand ard errors o£ the 
estimates probably refle c t  tho se diffi cul t i a a . It may be 

po s s ibl e to "pair " a singl e open c u t  with a cage..i cut t o  
d e termine more accur a t ely the growth rat e ( Lynch 1966 , 

.P • 74 ) . This me thod wns used f or Experiment I I .  
The method o f  d e t e rmining the me an hei ght of the 

pasture ha s be an di scus sed ( p . 26 ) . �his very simpl e 
techni que seems well suited t o  evenly grazed dense pasture s .  

I t s  accuracy may be reduced when pastur e a  arc t a l l e r  and 
vari ab i li ty i e  gre ster ; a s  ua.y have occurred a t  t ha 
b eginni ng of the er¥er1mcnt wi th the characteri s t i c  

"patchy11 effect C>ee l'l l\tes  1 and 2) . 
Tiller Identific at ion. 

The techni que of t i l l er i dent ificat i on was e s u entlo lly 

simi l ar t o  that de scribed by Hodgson ( 1966, 1 969 ) . A 
s i gnif icant difference however b e tween th i s  expe rincnt 

and those repor t ed by Hodgson wa s the smaller nlln!b er o f  
l o s t  rec ord s  i n  thi · exp eriment . There are a number of 
p o s s ibl e reasons for t hi s . By placing marked t i l l ers 

t oge ther in clumps only rarely was a markad t i l l er not 
round at a subsequent ob servat i on . Hodgson ( 1969 )  

observed quite high losses due t o  uprooting , compl ete 

defol iation, and death due to c omplet e d efoli at i on. The 

difference in t hi s  exp9riment may have be en due to the 

structure o! the cocksfoot tillers compared w ith tho s e  o f  
ryegras s .  Because l e aves are anchored at or n ear ground 
level there may be l e ss stem for the animal to grasp and 

uprooting ot the whol e tillers may be less l ikely . O the r 

fact ors associated with soil structure end root devel op

ment could al so be important . In this trial c ompl etely 

defoliated till ers were not categori sed as lost records . 

It was considered that they were still very much part of 
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the defo l i at ion patt ern and tha t t o  exclude them may be 

giving an incorrect picture of the true defo l i ati on 

pattern of the whole pa sture . In thi s  experi ment very 
few dea t hs oc cured as a result of c ompl e t e  d e f ol ia t ion . 

·.rhi s i s  p o s s ibly account ed !or by the position of the 

growing point of c ocksfoot at t hi s  t ime of the ye ar ,  

whi c h  8.!)pears t o  b e  approxima t el y  1 0  mm below the soil 

surfac e ( see � xperiment II ) .  

?he l o s s  o f  rec ord s wa s 6re a t c r  duri ng peri od I I  
than during J eriod I . Thi s wa s probably d u e  t o  the 

short er award. cond tt i ons enabline markers to be more 

e a s i ly l i ft ed and d i npl ac ed . .:\ l so dur i n g  period Il t i l l e r s  

w e r e  uproot ed nore e a si ly . Thi s effect was parti cul arly 

notic eable on area s of t he pRddock whe re the cocksfoot 

had developed n high crown and t illers appe ared to break 
off more eas i ly . 

The colour of marker rings nnd t he ir effect on 

gra zifl6 sheep hns 9r evi ou sly b e en di scu::; ned ( Hodgson 1 966 , 

1 969 ;  Hart , 1970) . I'hi s s tudy showed very l it t l e 

vari e t i on in l o s s e s  due t o  c o l our of m a rk ers ; however 
none of the c olours used Ra s simi l Ar t o  t ha t  of tha sward . 
Freguenqy of Defo l i a t i on .  

The frequency o f  defol i a t ion may b e  s l i ghtly underest imat ed 
duo to the short peri od of ob servat i on i n  each p e r i od of 
the t r i al ; a l so du e to ed ge effect s and b ec ause of the 

po ssibi l i t y  of individual t i llers b e i ng  defol i at ed more 

than onc e betwe en observa t i on s .  .u though t his l at t er 

situat i on is pos sibl e i t  i s  unl ikely t o  hav e oc cured very 
oft en because the mean observati on interval wae quit e 

short vi z .  ; days tor both treatment s .  

N o  me asure was made o f  t ho effect o f  handling on 

the growth of the marked t il l ers whic h has been shown to 
be o f  pos s ible significance in oocksfoot ( Grassl and& 

Hes . Inst . , 1967) . If such effect s occured the patt ern 

o! fre quency and int ens i ty may vary sli ght ly . 

Severity of Defoliati op. 

The est imation of G . L . L . based on the measurement of all 

leave s t o  ground level may not give a true indic ati on of 

the pattern of change in green le af a one on tillers . 
�rhe length of some l e aves would have included a sheath 
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component and s ome of the younge st leaves would hav e  

b e en p art ial ly enc l o s ed by o lde r l eave s .  The s e  r egio ns 

m ay be l e s s active phot o synthe t i c ally than t hat of t he 

l amina , as has be en shown t o  occur in ot her oembers of 

t he Gramina.e ( 1'horne , 19 '� . 'l'his means t ha t  e sti mat e s  
i n  thi s study may und e r e st ima t e  t he s ever i ty of def o l i a t i on 

of t he i ndividual t i l l er .  Al s o  e s t ima t e s  when compared 
w i t h  tho s e  made by nodgs on , b as ed on gr e e n  l amina al one , 

may b e  a l it t l e  lower . I t  mu st a l s o  b e  r e rr:emb ered t hat 

t hough d e ad or brown l e af w a s  not included in t he G . � . L . 
t here were diff er ent ages of l e ave s present repre s enting 

a range of pho t o synthet i c  eff i c i enci c s ;  e ffi c i ency 

d e c l i ning from youn� t o  old l eave s .  

( 11 )  O f  _{e sul t s . 

�a s tur e Xe asurement s . 
The patt ern of decl ining availability during the c o ur s e  

o f  the exp eriment i s  t h e  r e su l t  o f  the eff e c t  o f  r en.oval 

by def oli at i on , t he d e c l i nin3 growth rat e and l o s s e s by 

dec ompo si t i on . B e c au s e  c ond it i ons were qu i t e dry dur i ng 

the c ours e  of the exp eriment i t  i s  likely that d ec omp o s i ti on 

l o s s e s  remained r e l a t ive ly small tl�oughout the experiment , 
as sugg e s t ed by the work of Fl oate ( 1<)70 ) . He found t hat 

the rate of d e c omp o s i t i on of pasture wa s gre a t ly reduc ed 

as t he moi st ur e  c ont ent of t he soil decl ined . 'l'he rat e 
of decl i ne in avail abil i ty of the high st ocking rat e 
treatment wa s great er tha n  that on the medium treatme nt , 

whi ch would be expect ed from the differ enc e in animal 

numb ers . It is unlike ly however that th� amount of mat eri al 

removed from t hi s  tre atoe nt was twi c e as gre at a s  that 

removed fr om the medium s t o cking rat e tre atment throughout 

the exp eriment , i . e . r e f l e cting t he differenc e in animal 
pressures.  The re a sons for this as sumpti o n  wi l l  be 
di scu ss ed . J� so the fal l  in growth rat e was great er on 

the high st ocking rat e treatment than on the medium t reatment . 
The declini ng growth rat e f ollows an exp e c t ed autumn 

patt ern due t o  decre asing solar radiation and t empe rat ur e . 
Howev er addit i onal factors , due to the pre s enc e of the 

anioal s  prob ably inf luenc ed thi s  decline . Because of the 

prevailing dry c ondit i ons , and cl o s e grazing whi ch deve loped 
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e special ly on the high stocked treatmant during period II , 
drying of the surfa c e  layers of the soil may have slowed growth 
through a nitrogen shortage ( Mitche l l , 1957 ) . Gocksfoot i s  

al so susceptible t o  tread ing (hdmond , 1966) and clo se defol
iation ( Brougham , 1960) and this may have further reduc ed 

growth ,  parti cul arly on the hi gh treatment . 

The patt ern of change in height was rel a t ed to the change 
in avail abil ity with a decline over the c ourse of the experiment , 

after a t emporary r i s e .  After thi s r i s e  the hei ght fel l at a 

fast er rat e than the availability whi ch would be due t o  t he 
l ow densi ty of dry matt er near the top of the sward . i'he rate 

of decline in hei ght was c ons id erably redu c ed dur i ng peri od I I  

a s  the mor e dense region o f  t he sward clos e to ground l evel 

wa s reached . Thi s increase in densi ty at lower l evel s was 

enhanc ed in t hi s  study by t he high rat e of t i l l ering due to 

favourable light , temperature and nit rogen conditions , partic

ularly initi ally . 

I ·:; i s  di!fi<:ult to de·:; ermine whether grazing had any 
ef!ect on the pa·� t ern of t :l l l er in� . Investi gat i o n s  under 
c ontrol l ed c ondit i ons show defo l i at ion invariabl:; r edu c e s  the 
rat e  o:t 1;iller1n.; alth� >ugh this :.11ay be for only a. short time . 

Howeve:r \tnd e:- fi·ald condit L ons the reeult s are mor e  vari able 

(Lange:� , 1 963) . Cutt ing o:r gra z ing may increase til:. ering 

by imp::oved ligh·t c ond:tt i o::1s at the bs.f;e of the flward, (Uitchell 

and Colea, ,  1955) . 
While tiller density increa s ed during the c our se of the 

experiment thi s  was at a decl ini ng rate , the decl ine being more 
marked on the high treatment than on the medium treatment . 

Thi s decline in rat e  wes probably due t o  the declining condit i ons 
!or growth of the pl ant s  with poorer l ight and temperature 
condi tions as wi nt er approached .  The diff erential rate of 

decl ine on the two treatment s may have be en due to the great er 

treading effect exerted at the higher rate (Edmond , 1966) . 

The change in b ot anic al c ompo s i ti on indicat ed a greater 
proportion of dead material on the high treatment . This 
probably do es not repre sent a great er amount o£ dead mat erial 

between the 2 treatment s alt hough under the high treatment a 

great er number of till ers may have been de stroyed by the 

animal s uproot ing and treading but more refl ects the closeness 
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oi grazing of the tw o p a s tu re s . . s  avai l ab i l i ty d e c linos 

a nd p a o tur o s  become sh orter the d e ad m a t e r i a l  pres ent cai nly 
at the base of the swRrd c o n t ribut e s  a &reat er � r-�pcrt i c n  t o  
t he uvbi l a b l e  dry ma t t er . � t  i s  � i A e ly �hat de&� llib t t er wa s 

L'lore i::r;portunt in the d i e t  of the s.h1:1e_;.; on the hi 6h trea t u.ent 
than on t nc med ium treatu1e n t  b e c tJus e o f  tlliH c .i.. o �;ene n s  o! 

t�raz i. D; ', • 
AninRl et� or<i '" . 
"l1he c r��nben i n  l iv e �:eL::lt u.n J. e r  t. at. two treatr :ent s i n<.l i c a t e  
t he eff et:: t s  of t h e  p;J sturo <.; On•3 i t i o l < S  v z i  a ni r:c:: l pe.r-l· orr.::anc e 

s i nc e  i t  i s  u n l i k e l y  t httt o t h "� 1 ·  t : •c tor·s f:.f f e c -c e d  t ile animal s ,  
e .  ' - • d i s ea se . .:.he p aFO ture r:iay vary i n  • ! Uu l i t.� e r  i n  such a 
way a s  t o  aff e c t  the ani �a l s '  i n L �h e . � n� er t h e  pre sent 
c o nd i t i <.. n s  i t  i s  n c ti  l i kely t h;t t qusl i t ;;- a iffercd ,�;rt: ::.ttly 
betwe en t �e two tren t��nt s a s  b o t h  revre � ent cd �utumn regrowt h ,  

c:re 8 t e r �u�.nti t y  c f  :le�� .:: .::.:J. t .:; .c i .:; l  t .:lO n  t. heir .: .• ;-..... iuu. s t ocked 
count erpn rt a . �he :tJ .:J j o ::- ... ' � ;; t or l n v .:;l ved i n  -: b.l p�r· f ormanc e 

d i fferenc e c  � a £  probRb ly di ffc r G nc e s  in int uk o . 

avn i l abi l i  t .:,  on int al� e an1 � ar :l<Jl'Ut <mc e o �  gru z i n1� a.u.e e �  and 
have found !l !l 'l SJ' !rlpt o t i c  r e L lt i ons� 1l ;..> , wi t; l: Iil'lJ:imu.m iut 'l.lce 
and iH.� r for� :t:1 � c  b e i ng I' t Hl l i u ird �n c ·. l t: rttnr.;c o :: 1 ,;u:J kgs 1 J , l • 

/h�c t are ( ei t ncr �reen o r  t ot al ) up t o  about 2080 kgs/he ctL re 
( Willou�hby , 1 ') �9 ; : .lld..:-n , � :;C2 ; d'r.old , 1 )·..>) ) . �he e e  
stud i e s  v. ere unc1er • .  u s t r.� l i o.n  11 a s t ..J.1' t; c on-.J. t io.u� u s i u� merino 

sheep . 
Tab 1 e  11 . 1 5 shows t ... e relationships between herbage 

available and animal p erf or�unc e in this tri al . �he pat t e rn 
or an i mt-.tl perfort::t.mce ob s e rv ed .shows asre err.en t wi t t l the 
cases c i t ed ,  a s  the pa s t ur e s  on the medium tre:a t .. •.ent had a 

mean avai l a b i l i ty great er t n3n 1 500 kgs per hec t are in euch 
c a se whi l e  t � o :.:. e  on the high treat Gent w e r e s lightlJ below 
during peri od I but c onsi d erablJ s o  durine:; period II . 

However , mer ely t o  e s t abl i sh a relationship b etween 
i nt ake and performanc e and avai l ab i l i ty �a�; oversi mplify the 
explanation. r;.ome inve s t i g a t i ons have found 1 1  t t l e  or no 
relati onship b etween int ake or r a t e  of i n t ake and pas ture 
availab i l i t y  but have f ound pa sture spat ial arranG ement s , 
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Table I I  . 15. ·rrs ri a t l on i n  �ome ,\ni:aal and � :astur e  ... arame t ere a.nd 
the i r  l nt errel � t i onshiQ. 

� 'edium ; a gh 
.. e1:iod I .. - eri od I l  J?eri od I l· eri o d  II 

.... ., .  , gt -�hn nge e ( r.g e )  + 3 . 4 +2 . 9  -1 . 7  -0 . 3 
l a s ture tl�t ( cm) 6. � 2 . 6  ; . '7 -"' . 2 

! ;i.'o t a l  1) • .  • Ava i l . ( 100 lf�s/ha 1 ' '• 0 o . 15 . 0 1 3 . 0 5 r· . \ 

Green i) . ! . •  Avai l . ( 100 _. , p.;s/hA , 8 . 2 7 . 5 5 . '-} 2 . 3  
jcitoc-kinc :�a t e  ( sheep/ha ) 41 . 6 30 . 7 81 . 2 ?� , . 
11otal 
jGreen 

1) . : . • /�heep ( figs)  43 . 7 50 . 0 16. 2 "6 . 5 
D . ;.� . ;�;heen ( Kp;s ) 19 . 6 24 . 4 7 . 3  3 . 0  

hei ght a�d d en sity . to be v&ry c l o sely re l R t ed t o  t he ra t e  of 
i nt ake ( .. hee l e r ,  ,\e ardon H nc: . ambourne , 1 <)63 ; ·, l l d e n !..\!1 1  
· . .  hit taker, 1 '170 ) . The latter work e r s  fou:::1ci 1i hn t  n s  tile 
he i ght of the pasture ( �.irruuera ryef:rass =.• ri1;idum Gaud) 
d e crea sed from 7 . 7 cm to 3 . 7 cm t he rat e of intnke d ec l i ned 
sev en-fold from 7 . 1 g . dry matter/min. to  1 . 0 e;ms D . · . •  /:::nin .  

·1'he anima l s  were abl e t o  c omnensatc t o  s o r:w ext ent f or thi s 
re• uc ed i n t ak e  by incre asing �ra z i !U� t ime . I n  this t ri a l  the 
differenc es in he ight of p a s ture b e tween the treatment s  during 

period I was of a similar order of mar;nitude ( 6 . 2  C J'' t o  3 . 7  cm ) 

and intake probably declined a s  a conse quenc e .  However during 

period II the intake on both treatme nt s should hnve been further 

reduc ed , hi ch d o e s  not a ppear t o  have occured und er the 

medium treatment . 'l'he increase in density ot the p a stur e s  
over p eriod I I , i n  part i cul a r  on the medium treatment , is 
the probab l e  expl anati on for thi s  diff' eronc e . I n  A l l den and 
·.',hi t t aker ' s investiga t i on the pa sture dens i ty w a s  considerably 

less than those observed in this trial ( availability at 7 . 1 cm 

was less than 500 Kgs/ha ( treat�ent c ,  exp eriment B )  compared 
with over 1 500 Rgs/ha at about 3 cm in t hi s  study (medium, 
period II ) , which may well have allowed the animals t o  maintain 
intake on the medium tre atment during p eri od I I  in t hi s  trial . 
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rie c ent ly Sco�fi eld ( 1 970 ) ha s sugg e s t ed , f or p a s tu re 
si mi l nr t o  those used i n  t hi s  tri al , that i ntake b e c ome s 
l b:�i t ed c nc e  the ava i l abl e green m a t t er fal l s  b e l o·� 1 J0 lb s 
/animal . I n  t hi s  i n v e s t i  .. �a t i on the t ot al avai l ab l e  dry 

�at t ar per animal exc e ed ed 100 lbe/ani�al i n  the me dium treat
ment duri nr::; bott period s but nev e r  a ppro n c L ed thi s l ev e l  at 
ony s t n ;;c i n  t h a  hir;h treatment . The ob s erv�d c hange s in 
li vewei ·;ht i n  the tv.= o  t r c utment s su '�c e st n.c;re e : .cnt to h i s  
�ugge s t i on . 1hfl short-t er� n ature of the pre f; ent ex� eriocnt 
may 1HW8 had ;:aCme e f f e c t  on a !1 i :r:al i n t s !: e  t hrough C C':::tp e n s n t ory 
i nta�� e  anJ.. �rowt h . However t h e  different i :1 l  effect of an 
enhanc ed int �k e  on the rr.edium t re a tmcmt r·md a red u c e d  int nke 
on t �e hi r:;h treat m e nt , part i c'..l l a r ly d.urin�� peri od I ,  w ould be 
unexp e c t ed if the animals we1 · �; c.; omp enar.t t i ng for a previ ou s 
poor pl ane of nut ri t i on .  �)e caus e  the ewe s u s ed were dry 

:::rp ;je t i  t e  dri VP. would not be exp e c t ed t o  b e  a s  -�re at a s  ths t 
from pregnant , l act a t i n:� e -r· you.nr":er ani!.n::il s r:..nd under adverse 
p a s ture cond i t i on s  aff e c t i �L rrehe nsion . U nder such c ondi t i ons 

intake would pro b ably d e c l i ne more readi ly . Thi s reduced 

appeti t e  d rive may a l s o  expl a i n  the v e ry sru a l l  di f f e renc e s  
observed i n  gra z i ne; t i m e s between the two tre atment s !ln'l the 

r e l H t i  v e ly l ow c e i l i ng ( about 9 � hours )  reo.c hf�d ev en under 
the ext r eme c ondi tions . 

r att ern of � efol i at i on . 

( a )  .?reguenc;y of _Jefol i :lt i on . 
The e st i mKt e s  o f  the fre Quency of a e foli a t ion in tlu s 

short-t e�u experiment were simil ar t o  tho s e  ob nerved for 
high s t o ck ed t r�at�ent s on c ont i nuously gra z ed ryegrass swards 
in England (Hodgson 1966,  1969) . The pastures in those 
s tud i e s  were s imil ar i n  d e n s i ty ,  height end avai labil i ty t o  
the c ocksf oot pa sture s  in the pre sent study . Th Ds e  studies,  
together with the result s presented there , found defoliat ion 
to b e  very frequent , every 5 to 8 days , at high st ockin_e 

rates ( 75 - 95 sheep/hectare ) but a t  l ower stockinG rates  
(25 - 40 sheep/hectare ) the frequency was only sl i ghtly less 

at 7 - 14 day int erval s .  
In this experiment , whil e  the differences i n  frequency 

between stocking rat e s  i s  s i gnificant in both periods the very 
noticeable feature i s the sharp reduct i on in the size of this 
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d.iff<;:-r euc e J. ur in(� peri od I I  c om1)ared with period I .  :'hi s was 

due priltlari ly to a reduc t i on in tlle frequency under the high 
t r e a t;..:1ont bu t al so a sma l l  ri se under the taedium treatment . 

I n  f a c t  �aJ t �e stockinG on tho medium trea tment no t been 
rodu� od ..: u.:�incS !>eri od J:I the .frequ ency ma.t have b �en even 
hi c, �•'-'r . .:ho ..; . ! c.mr;;e in frttquency on th� rr aJ.ium t raa tment 
f o l l o�. �  t : ,': L- '- tt c.L·n ,; ;�i c ! l  .L :..1. :.. u e < :m f ounJ. t o  uc c ur l lt othe�· 
.Ji t L.. i.:. t � uLS . •  b...: rc avt.. i l o � .:. l i  t .,.  i n  r :l � c c...... . . or·1 i G  ( '1 ') 09 )  f ound 
t !:.o>. t  i L .l  l ::.i. •• :b s gl:'o. z i n:: c o cl��fout p a s t UJ.'C !.!  " t  t �Je S nlae stocking 
r a t e  t m.e f nq ut:.ac,y o f  c!.e f •Jl i nt ion v u ri ed inv � .l:' !.H: l y  wi th t he 
l e CJ.f .> 1r· e a.  in-...ex c .... . .. . ... . ) of the putitu re . . . n  � . . . ..... . J.e cl ined 

t ht. l i'(_; cue ncy i.ncr t-. :.-l SE:d . .;roenwo od u nu. . .  rn old ( 1 968 ) a l s o  

o "U c e rv e d  t. h c·  ,:;re a t e !:: t fre que nc i e s of defo l Ll t i  o n  when avai l abil

i t i u s  vre r e- h : a ut , in this c n s e  wi th merino she ep graz ing an 

•; . � r  ___.� t . ._:. :·.!lilLt :{l ..;r :... s _ .s·:: .. n·..r_ . .i.:he mecllanisl!. o.f this frequency 
d ... , . t'-' e  l ..;  : ·:�o·;;c.�ly t �!.l· ouc., a reduc ed s i z e  of oi t e  oc curring 
a •1 -:: . · o t , u ' . : E  uecv . .:.u ul.�.ur t ox· (:.lld.en n.nd . hi  tt<::.r:c!.' , 1 970) nec e e s

i t •1 t i  n •· � L.aHe;u L t  ._.r ... u .:.. :� . ;  '.:l ehav i u ·.u· a f: th� �r...i mal end e avours 
t • ;  : H_1L:t c' i ! !  i nt \ke . ��'lw nu:nber of bi. t e 11  :� e r  day i ncrea ses o.s 

t:�c L "..( t l1 ·J.f bi t ill ._. v.n<l ._;ra z i r� � ;  t i r>le i s  i nc r e <-t scd ( Arnold , 1 963 
'"nd o t : H ;ra) . ;_'hi s  "ivul d l 0 :1<l to a mor� frefluen.t defol iat i o n  of 
t �e ind i v i: ual t i l lers of a pa s t ur e . 

al so ::lO .. l..l G t v  od�1 �1 t a. t t ons i n  tlt(• , ·;raz :l. n,;  lHwav i our vf the 
s:w e :.) o. .. ;; ;;; o� i a t eJ. ,\'i tu �·1 a s t1.o ru c on<.ii t i ons . l.'he e fl' i c i e ncy of 

t he se o. ap t a t i ons to changln,� i><HJ t .U'e c uH . .l i t i vns i . e . incr e a s ed 
rate of b i tint'; and r;razin� t ime in rel a t i on t o  thtj ir auility t o 
s a t i sf;:.r intake have not b e t: :n  det ermined . However what is 
mor e  d e fi n it e  i s  that bo t h  of t h e s e  ad.a pt a t .i. ons a r e  l imit ed in 

the det5ree of chc.�e p o s s i bl e . 'l'he pre s ent su :;ge r, t ed rensons 
for the limi t s  observtld is f a t i gue ( I, c vlymont , 1 96? ;  .A.rnold 
and Dudzinski , 1969 ) .  t ·nc e the maximum l imit i s  r e ached thi s 

oay eit h(;lr b e  r:-.a int ained e . g . in grazing ti me , or as for the 
rate of bit ing , only b e  ab l e  t o  be maint ained for a short time 
and wi l l  d e c l i n e  again for ocst of the day . 

!, a sug8;e s t ed ,  adapt ations will st art t o  occur �·hen the 
s i z e  of the b i t e  decline s . In thi s experiment no di rect measure 
of s i z e  of bite wa s mad e but one of the calcul a t ed variabl e s ,  

t h o  G .  i.J . L . rer.:oved p e r  defoliation (mm) i s  probably rel at ed t o  
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the size of bite . In pasture s of even density thi s parameter 

would be well rel a t ed t o  si z e  of bite. 1'he changeD in tho 
G . L . � . removed ( cm) per t i l l er are shown in �ig . I I . 3 (A) 
and these show a ab.n.rp decline soon aft er the cci:une nc ement of 
the eX'p eriment und.er the high treatme nt . Je spi t e  t �l<� increase 
in pu stt.:.re densi t;y t hrough t�1e exp e ri nent a z;,all si z e  of 
bi t e  · , ;J. s rro'.Jab l �t :J :..' i r. t G. i n cd � uri n·�  p eri od I T  on t he high 
treat T.ent . :_ n t . .  �; b .1 sis of the !l C  c ::: .. , nt ·� C !3  i ::1  s i z e  of bit e 
graz inG b ehavi oural c '". :,:l z c s  ��robab l ;y  uc cured . .::'he .. �razing 
t ime r e c ord s c�ow t "l:J. t on t !: e  hi c;b t r e r.t ttlent ::-. f t er the f irst 
we e�� , t i � .:;; L�rn. z inL; t ine r o s e  .fror:l 7 . 1  hrs/do.y t o  1 0 . 5  hra/dey 
( A?peudix I I  �obl c 6 ) . � f t er thi s ?eriod time of gra zing was 
c ons t ant f or t �le rc:�taln d e r  of t he experi::ne nt . �ea sons for 
this l o �� l imit �3VC b een di s cu s sed . ·;:'he rat e of b i t i ng 
prooa::;t l;:l n l s o  r o s e  but t rli s may only have b e en ::1t dnt ai nod 
f or s�.ort i) Ori o ::l s  of t l'1e 1 e ily r::;rnzin, :  t ime d u e  t o  fa t i �e . 

Unctor t h o  p :, :Jturc c ond i t i o n �  e�·: :; �-:ri enc nd i n  t l· '.; hi e;h 
tre nt�·1e n c  of t :; i s c� :;i o r i t1 c n t  c o n �J i derab l e  :vl 'l ;-' �..i '·l t i o '1 s  in 
�rn � i n; �  � .:; h avi our pro b ably 0c our nd fro:n e :-ct rl:' in , ·,er i od I 
1;i vin , ri s e  t o  t��H ��i sh � c a n  f r e q ucnc/ ob s r: rv � � d  ov er thi s 
p eriod . : luri ng p e r i o d  ! l  ;rn z i n :.'; c c ndi t i o n s  b e c ":rr.e incre a s i n gly 
.:l i i' fi cul t du e to t he s ho rt n e s s  of t i1 e  sward and t b •? maximum 
t ic o  of gr a z i ns a nd rat e c f  r;r n z i r.c; r e a c hef.l . ':\hi s c ould re aul t 

i n  a l owered frequency o f  d e fo l i 11 t ion of the inrtividual t i l lers 
i n  th e sward a B  w a s  ob s erv ed i n  t hi s  study . 

The very c l o se p asture c o n d i t i on s  � ay o. l s o  have affected 

the grazing behaviour of the sheep through other f ac t or s . 
Allden and ',\'hi ttak er ( 1970) no t ed that merino she e p  gra z i ng 

very short pl ot s ( less  than 5 cm in he ight ) d id not appear t o  

gra z e  normal ly ; they were restl e s s , gra z ed int ermi tt ently 

and appe ar ed to be very sel ect ive . :rhese workers s u3ge sted 
that s om e  !ac t ors other t han the abi l i ty to prehend the 

herbage may in!luenc e the sheep ' s  gra z i ng  be haviour under such 
c onditi ons . No cl o s e  ob servations of the animal s '  behaviour 

were made in thi s study but the sheep on t he high treatment 

were no ticeably more exci t abl e at the pre sence of the observer 
when c omp are d  with animal s on the medium trea tment . 
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(b) Severity o! Defoliation. 

The change in l ength of G . L . removed !rom a tiller at 
a defol iat i on appears to be clos ely rel ated to th e mean height 
of the pasture or G .  L . :::.. . of the tiller ( compare :F'ig . II � ( A) 

wi th �'i g . ll 2) . It appears also that thi s  relat ionship would 

expl ai n  the differences rec orded between the st ocking rat e s  in 

G • .L . L . removed . ·.rhi s  finding differs from that of Hodgson 

( 1969) who found the l ength of G . L . L .  removed t o  increase \vith 
increa s ing sto cl:ing ra te and shorter pa atur e s . However in 
hi s  study secondary till ers that devel oped on a t agged till er 

during the course of the exp eriment were included in th.e 

e st imat ed G . L . L . of such tiller8 and this added G . L . L . could 

have caused the mea sured G . L . L . removed to increase on hi s  

high stocked treatment s . 

The severity of de!o l i ution , when expressed as i-6 G . L . L . 
removed i s  more variable ana does not app ear to vary with 
ate-eking rat et or pasture cond i t i ont3 . 'l'he magni tude of the 
vnl ue s o b t uined for t he perc ent age removed fal l s  wi thin the 

ra.q_se of 20 - 40,·� , det cr:nined in previou s stud i e s  ( t.orris , 1 96 1 ;  
3cdt;son , 196C) but .falls b e l mv soile very hir;h e st i :r.Ht e 3  of 
67-;t. obs erved for heavy grazing pre.ssure s ( i.iodgaon , 19 69 ) . 

Hod.sson sueGent s ·�hat � everi ty would ine; r e H s e  with stocking 
rato and grazing pre ssuro as the pa sture s be c ome short er . 

The different growt h form of .;:ock sfo ot where the leave s 
are anc hored at or near ground l ev el a s  di sti nc t  from the i r  
more elevat ed position o n  ryegrass t i l lers ( particularly i n  

the summer) f o r  which Hodgaon ' s experiment was conducted could 

give ri s e  t o  l e s s er z everi ty in this study , even though 

grazing pressures were higher than tho se observed by Hodgson . 

Because the decline in the G . L . L. romoved per defoliation ( mm) 

was so closely relat ed to the declinin� height and G . � . � . of 
the pasture the severity of defoliation (� removed) doe s not 
alter greatly wi th pasture conditi ons or stocking rate . 

( c )  Age Categorigs of Tillers. 
The patt ern ot defol iation o£ different a5ed tillers was 

very simil ar !or both treatments and over the range of p asture 

conditions with the exception of the medium treatment during 

period II . The very close similari ti e s  during period I appear 
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t o  be due to the sir;;i l :u·i t i e s  of st:I·uctt�re o� '' old " and 
"younG" t i l l ers . ·rable I::L . 16 shows the n o ::41 G. �-.. • .J • •  of the 
t il l ers i n  eac:1 c at e;;,··ry for e a ch p eri od. . ":' oun�(' ond ''\)ld ' '  

t i ll ers hud. v ery si:::-. i l ll.r G • .:.. . •  ;-" • s a nd shm·red no l: ;):-) <·u· ent 
d i fferenc e in a r' D e  ar n r.e t" . .. or ac c e s s i bi l i ty . 

l'abl e I J . "1 6. rean Q•;··· · r .  of '' t:: ld '' , "Y ou�·L.'' un<.l " ·: oun�se st " 

.� i l l cr s . (zm:1) 

_. o riod I 
\., l C.  Youug L ld 

e r i o d  
r oun� 

. "' J.. ..L 

1 ow1c;e st 

lf:oledium 1d4 . 69 208 . 31 ();) . 67 10:) . 8') 74 . 1 1 
High 97 . d2 1 1 1 . 35 39 . 87 l.il-J . • 7CJ 4 3 . 07 

· :.'he S;� · nl l  d i ff c rr:;:c o �� i n  t ! l t: :Ji z �_;  0 !'  ':; : : . , _ , , ) t �  "J. l • 1 :-1  d"'J ring 
peri od l R r e  probabl;; duP t o  t h r  v r.ry fav ou_,. 'l ':>.: c cl i.nr1 t i c  and 
edaphic cond i t ions at the cor.rwnc emnnt of t�1 �· exr; e r i r::.e nt ,  

ul lov; i n1 ·; rc�i-)id f; ntab l i :;;imc nt o f  n ew t t l l {' r s . l !l th i. �  p� r. tura , 
mature or old t i l l e r s  h ·  d fron �> - 5 l eave s  per t i l l ur . · r  . •  owever 

d.ur i n ··; ;)er i od. I J:  t';rm·:i n.·; c ondi t i o n r:  vw."' e  root '1 :� 1: ::.vou:· nb l o  and 

new ti l l er s  would no o n i  bl:: h;�ve been nore :� ... �· c c t c; :� b.;T such 
concl i t i on s  t :--.nn old , e t; t ab l i f· Y.cd t i l l  rA . '; ,a  r .:.wo od ( 196<))  
has enphasi zed t hu.t dry � o i l  cond i t i on s  c ,m [I' t! r' t l y  af!' e c t  
the devnl opmcnt o f  ne\'" t i l l ers thrc,·u ·:h tb i J '  i r: ab i  l i t�· t o  
"root '' and drnw nut ri ent s . ',;.'he su-.n ll s i z P  o f  t i.::.�1 ' 'youngon t "  
t i l l ers wnE probabl y  due t o  such c ondi t i one . 

Canopy structure of the two pu stur e B  th.n · i nc p t  · r i o d  I I  
might a l s o  have a ffect ed the a c c e s s i b i l i ty o f  t Lc· cL ffcrent 
aged t i l l e r s  t o  th e ani ma l c . U nder the r .• ed ium t :!:'e D t w.c nt the 
canopy was quit e  dense c o!'lp nred wi t h  the m o r e  ov e n  c anopy of 
the hi gh treatment ( l 'late 3 ) • Thu s sma l ler t i l l er o  woulct 
have b een more inac c e s sible under the medium t r� atr:.en't than 

under the hi gh treatnent , where al l t i l l er s  wer e  probably 
equally accessible .  However t he diff erenc e s  in t he severity 

ot def o l i a t i on of "young" and "youneest " till ers on the hi gh 

treatment during period I I  may indicate s ome differenc e in 
the struc ture of the se t i l l e r s  that a.ff ecto the e a s e  of 
grazi ng ,  e . g. a more pro strate habit . 
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(d )  .Selecti on . 
C1) ·. , 1 thin i asturo . 
'.i:ho s e  t i l l er s  e;rs z ed wi t hin t he p a s t ur e  nt any 

p arti cul . �r obs erve. t i on 3 h vay� hB.d o �.:;r e n t  er G . l. .  �. . and 
hei ,;ht than Uilt-;,ra z e d  t i l l er s .  Thi s r-a t  t ern Ht:r e e s  vd th 
t he f i ndincs of : :o:l �: son ( 1 ')69 ) . 

_ he e p  gra z e  i 1  a ho ri z ont a l  d i r e c t i on a c ro � s  t h e  
f' , ,. ., n1' t '· > · " ; r.- f-_, , .- p ( ' rr: r' l d  "1 (  {)f"'. 1 ' > ( ..1':' ,.., .,  l 1-. e r • r, u �;.• n Of .I. ..J. V f".,.. - ._ _ .._.  1•1 ....  ....:J w ..,... _ .,. ' .. .l 'w'  · ,i ..._ ·..) t ,t> '-Z::"J ; r.;., ., ..  ... ., , ..., ...... O v  

t h i s  i t  woul d t e  cx� e c t e J  t �1 1 t  t � o D c  t i l l e r s  � e s t  �rominent 
i n  t! . c  p :: s t ur <;  wuulci b t· t •·rn zed. . � n  t :: :i s s t t.ul :.· t l:e hc i �ht 
oi' t i l l e r s  b e c: r ·:  n c l o � u  r � l B t i onshi ;' t(: t h � i r  G . �·- · �-' • and 

o o  the s e  s c l ec t e ; t i l l t)I' S  wuul ..t u l. B c  nn v c  b e L! n  the b i :,�he st 
in t �:tc sw::.: rd wi:i ch Yi tiuld c u u s e  t ih �r.� to b e  sra z e d  b e f o r e  
shor t er , s:.�'.l l l 01' t i. l l !H' S . :' 1 t hcu�;h ' 'od. �;. D uJ: u s •:; d  !:-l ry e ::;ras s  
s� e rd a s i � i l � r  e xp l u n c t i on � u y  apply � o  hi e r e uul t s  • 

. . ven thm.:. !-h t ·�Jc ::· · s 1� u r 0  s i n  t !1 i  s s tu dy \�e r e  r•]l ·:.: t i  vely 

0 v e r  n ft f:;'!' t \.l'.: i n .:.  t; i ,J l  � t ! • :  P. S  t � ·:> r '-: v;<.!. D r. or e V T:-' i  1 t i on in 
t lie frequency wi t !� ·: :: i �; :: rJ i �" i erent r e g i ...:n s  w e r (� :[.r n z. ed • 

.L'he s �  prefer�nc .Jn ·�.t?:,· b e  r0 l a. t ed t o  hci ��r:.t �ut v t her f a c t or s  
f1 r e  q l s o  :p c  e si bl e .  l n . .  l ot l o!.' t he hi r h  s t o c :. ed t r eatment 
t r3ns ect 3 whi eh s'-ww e� a vt!ry l ow crn z in· •; fre nuency had 
the s�ort e st �e an he i s ht o f  a l l  tra n s a c t s  on t tri s pl ot . 

! n p l o t  1 of  the l ow s t o c k ed t r e a tment the t ra n s e c t  or 

l ov·c st gra z i n� frequuncy a l so c orre spond s with l owe st mean 

hei ;";ht whi l e  t he t r a nsect o .r  �:;roa t � st frsquency l"...a. s t he 
�re a t o st hoi Ght . However on p l o t  2 of t ile l ow t re a tment , 

tra n s e c t  5 had t h e  gr e� t � st mean h e i g:1t b'.lt a l o·w fre1uency . 

I t  app ears thl:i t t he s 1eep grazed t he t a l l e st ar e a s  rr.ore 
frequ ently a s  a general ru l e  but t ha t  t o ere were exceptions . 

A great er deed matter c ont ent pres ent on the transect 5 

may have accounted for t hi s  reduc ed .!'re q uoncy or some 
UnY�own l ocal pal a t ab i l i ty factor . 

;,hl l e  some area s o f  tl e paddock were graz ed more 

frequently than others t here waa no vi sible i ndi cati on ot 
the devel opment or a patch grazing effect over the pa sture 

in ei ther the medium or hi gh st ocked treatment s . The 
failure of til l ers initially defol i at od t o  be grazed any 

more frequently than t i l l ers not initially selected probably 

reflects t his observat i on .  The si gnificantly greater 
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frequency of grazin� o f  t i l l ers ini t i al ly u n�raz cd in 
t.ue J.ued ium trea tn:cnt do e s  not ree a n  that tre i ni t ia l l y  
�ra z ed t i l l ers w e r e  sub s e q ue ntly s e l e c ted &Bai nst . � hen 
t he two c at egori e s  were co:�nred wi t h  the i n i t i a l  p e riod 
included , the lr frequenc ie s are o.uit e si milar . 

( 2 ) ' . i thin l'i l l e r s  • 

.J.'he you.ng a s t  l e ave �  on t i l l e r s  w�re mo st frequ e n t l y  

li� . t.. l.> t- ; . d t  c: .... c h  ,,,. · s  "t Lo c :; s e  ! .. e r P  T:artL:.ll - rl." dt:.ring 
;)O ...:· l oc. J. wne r.. t i e p a s t u 1  e ·:;a s  t a l l er . m ... J i 11;· ·  p e r i o d.  1 1  
t �  ....... �· l: :.J.! 1;:: c 1  l cW.VE) S ;.:, o .r  0 . .  t· uu ably s t i l l  r:o t.. a c c e s .s i b l o  
b t::- C (). u s e  t 11ey a r e  t ht: e x t a nd i n -� l e ave . (1 ;- t ·· r-· !; �_ ll er in 
C v l! i. .C u �t. tu tr ... b � l u � �  l e av e s  v::: ere ex; u :1n i o :u  h:-> s c e a s ed • 

• " o �o. eN �: l tH€ v� r-y o n e u  c �mo�J.V o c cu r 1.ni': u n:-l '5'r t ':.r) ��i;;h 
i.. l' < , ;; t .  I ' J ! t  i E  �)f';J · i c c J. l w uu l d  !".;.nvc [:l l c·::n :' t :� c s c  o l d. e r  l oa-:r e s  
'!; �, L e  rt.vl c a c c e H �; i. ul e  . i v i n · r ri se t o  t "t · :J  ::1 : - l:. ,n_' . .r•oport i on 
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CHAPTER III . 

A, IntrodMction. 

·, hi.l e  the pat·t ern of defoliation ha s  be en examined in a 

number of differ ent pa nture condit ions , usi n6 di.fferent stocking 
rat e s  und breeds o£ sllo ep ( llodgson 1966 , 1969 ; Arnold and 
Greenwood , 1968 ; l .. or:r·i s ,  1969) , it is sti ll not cleo.r whe ther 
the pattern of defoli �tion differs between two breeds of sheep 
und er the a nue conditions of pa stur e and management . �hi s 

experiment examine s the patt ern of defoliation of l:la.ture !'lorino 
and romney wethers grazing a 4 year old cocksfoot sward. 

The oerino breed w a s  chos en because observati ons of the 
c ondit ion of pastures after a winter/ sp1·ing grazing by merino 
and rouney ewe s  on the :i_1, •• H:tpaka aGrcuomy area. in 1 960 , i ndicat ed 

that d.ifferenc e E· may e.;.ist between brueda . At stmilar stocking 
rates , at the er.d of t!1e t: lJrin� s e a s o n , the " romney " ,p n.sture a  
were evenly and. clo sely �:>.t·az ed whil e  i.; he "merino · ' pc.u�ture a  showed 
an ext remely pat chy nature! ; small ar•� a. e  of ti3--�·:;ly Grazed p:.u;tu:::- c 
were s cattered t hrough laz·ge areQs cf tal l ,  oatu:r.'e h erbage . I t  
was thought that the me rir,o she ep may b e  more select ive , con.finin:; 
their at t ent ion more t o  O.l'eas first �:r azed than the romney bre ed . 



B, Materials . 

Location and Layout . 
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The experiment wa s carried out on the same research area or 

the Tuapaka research farm as Experiment I .  A c ocksfoot plot wa s 

fenced to give �o plot s of 0 . 065 hectares . In this trial due to 
insuffici ent suitable plots b e ing availabl e ,  replic at ion was not 
possible . However the variat i on within the paddock selected and 

divided wa s not c onsi dered exc e s sive , and the measurement int ensity 

on each treatment wa s kept at n high l evel . 
Lxpe;:imental Ap.imals. 
Th1-ee , 2-year old merino wethors and three , 2-year old 

romney we thers of �1�lar mean liv ewei5ht s were allocat ed to each 

plot on J une 30th. �he me an st ocking rat e thr oughout the 
experiment was 4G , 2 sheep/hectare in each treatment . 

c. �.·e thod s , 

Fao tye Z . a.nasement . 
fri or t c  the experiment the plot had been used in the trial 

described in �xperiment I ,  rec e iving the snme fertil izer treatment s .  

N o  add i tional fertiliz er· wa.e app l i et1 t o  t he plot s before the 

cotr..n:.ono enwnt of the expe riment . :.t the start of the trial , the 
pl o t o  c �rri ed ab out 2 , oco l:gn . � . L/heataro "' nU we r e  al>out 1 50 mms 
hie h. 

lis in Exper iment I ,  the trial was c�i vided into t110 peri ods ; 

the fir s t  o! 3 we eks frc•m July 1 st until July 25th. :.t the end 
of period I in an att ooJ 't t o  oxamin�� the pattern at a lower l evel 

of a.va1 l nb11:1.ty no measurex::ent s  wer•::t rec ord d on the romney area 
J: or one week and the merino area for two eek11 e Thus the sec ond 

period f or the romney trial was from August 1 st until August 21 st 
and the merino trial from August Gth until /,ugust 26th . 

Tiller Ident 1t1get1on. 

Tiller s were ringed in the same manner as in Experiment I 
except that 24 t illers wer marked per transec t (in 6 clumps) 

to give a total ot 240 til l re marked per treatment . Because oZ 
slow tiller initiation occuring during the winter no category o� 

"young st n tillers was marked at the commenc ement ot period I I .  



Pa sture �e a surement s . 

Pasture avai lability , botanical c ompo sition and ti ll er den s i ty 

was re c orded a a  in the s t o ckine rat e experiment . The measurement 

of growth rat e wa s sl ight ly modifi ed from the previ ou s  exp eriment . 

The cages were p l a c ed and an open cut mad e  from an adj ac e nt area 
c omparabl e with the c aged sit e .  

•.rogether with the L:e�-;. su r c rn e n t  o f  t i l l er dens i ty ,  on two 

occa s i ons rl m · i n : ;  t he expe:ri :.:: c n t 10 t i l l er c o rea were di s se cted t o  

det ermine t h e  d fl )th c f  t 1:.e a �) e x  o ::' thE:t t i l l �r . '..:'hi s was d one by 

c lipping the tillers flush with the �round level , di ss ect i ng them 

out of the core and me a suring th e vert i c a l  de r:t h  of the r o ot 

shoot junc t i on b el ow ground level . 0n e ach core a number of the 

till er s  dis s e c t ed out were spl i t open and the he ight of the 

growing apex ab ove the root : shoot junction was ce asured under a 
binocul ar microscope . £he diff erenc e between thi s he ight and the 

depth of the r oot : shoot j uncti on gave the depth of tne sho o t  apex. 

Animal Me asuremen t s . 

On three occasions during the experir:J.ent , l iv ewei ght of the 

sheep was recorded u sing a " Salt er "  spring bal anc e  and tri pod . 

Till erg 1tec ords. 

At each observation da t e  ( see Appendix I I I  T ab l e  1 . )  t illers 
were examined and recorded in the same manner a s  in Experiment I .  

Statistical Analysi s . 

Since only a single replicat i on f or eaoh treatment was used 

the frequency t>f defol iation was det ermined by analysi s  o! vari anc e 

c onsideri ng the 60 c lumps wi thin each treatment as independent 

samples.  
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.i?asture b.easurement a .  

( 1 )  �vgilability: 

n o s ti mt<te of the ch.mging quanti ties of total dry 
herbace for each treatment is pr esented in )•'ig . I I I  . 1 .  
I niti ally t .ne rn t e  of dc�lino wa s slightly greater on the 

' 1ronney'1 treat c�ent than on t he "merino ! '  t re atment . �o· ever 

t r� s  s o on ch�Ged t o  a si�ilar rate of decline in availability 

on bot. t re atment s , the difference beir� �aint ai ned at 
approximat ely 300 K�e/hoct are . 

'.!.'he .14te an po stur·e avai l ab i l i ty dur·i nt, peri od 1 was 
1 590 qyha on thE romney plot and 2040 on the :!lerino plot . 

LUring period I I  because the merino treatment st art ed a week 
lat er- than tne ro.r;m.ey treat1!1ent the menn avni l abili t i e s  were 
closer ; t �e merino tre u.tm!::nt at 1 140 ... �g/h.a versus 1010 Kg/ha 
.ror the ro·nne.1 treat:nent . 

( 11 )  ;ro wt� .at e :  
... , s t i w  •te o£ t he  mo an d.o.ily ?;rov,th rat e s  ar·e snown in 

�s.'ble l l i . ·1 . �he trl3nd i ndicat e�i by the e s t imates i s  an 

:!.n(�re af#e in the rate of growth .f'rom June 29 t o  August 24 on 
tha me rino t..)raze i pa:. t ur e s  whi l e  on the ror.ney grazed p a s tur e s  
claily growtn rat e  r o u o  sharply i n  l ate .J uly th-9n declined 

ulmc st as t;liarply in .ugust . 

'.!.'abl e  I II . 1 .  i��oan Daily r.Jrowth !\ates (l�gsjha/day) . 

+ 1 �tomney - .) . E . of me an 1;erino 
'29 June to 17 J uly 1 : 1 1 .9 4. 10 - 17.8 

I 
• 1? July to } August 29 . 1 3 . 00 I + 11 .4 : 
3 August to 24 lugus + 5. 0� 2. 95 � + 17. 7 

l ' ' 

+ .� o! me an - ,..J . �� · 

4.80 

1 . 25 

;5 . 40 
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Plate 4.  

General view of site  of Experiment I I  (upper) . 
Close-up of merino pasture at commencement of 
grazing showing patch grazing (lower) . 
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( iii ) Botanic al Comnosition : 
The bot arrlc al compositi on of the sward was simi l ur 

und e r  each tre atment (' i'able I I1 . 2 ) . 'J.'he proport ion o! dead 
-:::..at er ial r- o R e  i� each t r e a tu.e nt during t ne experi ment at 
the cxponse of th(; t�reen c ock sfoot . ·rhe cont aminant speci e s ,  

poa. a mm� , ;;o a  t r i  v i a l i  � , p e r e nni a l  r:{ e gra s s  and york shire 
f og , re p:r·e c o nt ed a c o n s t ant r;ropvrti o n  of the t o t J.l dry 
mat t er �J t c .:tcr :. s anpl i n;·s . 

I'able III . 2  • ��o t ani c a l  ;,;or:iFO S i  tion C'-' d£4 matter ) . 

:. ori no 

Date . ;o<;ksfoc�t c 'ther spp . T. e a d  8oc ksfoot Gtht;r· s rp . De id 
�0 Sune 
17 J uly 

3 Aug . 

40 . 4 
'+0 . 4 
3 5 . 6 

27 . 5 
2 _  . • 1 

25 . 4 
2;) . 0 

:;:: 9 c ,. . 

42 . 9 
46 . 2 
34 . 5 
20 . 1 ' I 

14 � mg . 27 . 8 Lf.7 . 2  ;� 5 . 0 46. 9 

( i  v)  ill l erE : ic i::cht an d Gro o n  : .. e c.t.::' Lenr,th: 
The c h n ng e a  in he i ght nnJ gr een l e a f  l en3th o f  the 

p a s t ur e s  un,i er e ac·�� t r e a t ment ar c  shown in Fig . I I I  .2 and 
'.L'able I I I . 3 e '"...'ht� rate Of ChC..!.l(;O WU!J s ini l ar in both treat-c:en'tis 
wit h  a steady decl ine in he i sh t  aud G .  J , . ;.; . b e i ng cmcb grea t er 
in peri od I than in period I I . 

t'aple III .3. ; .. ean Heir;hts (mm) and '1re cn Leaf Lengths (G . L. L . ) 
or til l ers (tnm) 

.ct.om.ne;r t.: erino 

, Hei ght: :t · r ' G L L + ,... T' ll 1 "l-I t + <, � ' I � L � · + c .... ; .) . � . t • • •  1 - . w . u . e er"· , _ .. i • •  :. . v • •  J.-� . l .. LJ e J!., • eriod I �eriod II , 34 . 8 1 . 96 reriod I & Il l 72.6 1 10.2 

! 251 .8 
I 83e 5 
172.7 

' 

! 16. 49 
I 5 . }9 1 22 . 79 

l 1 18 .2 I 9 . 18 1 263 . 6 14. 17 I 

I 39 . 5 � 2 . 3 1 i 89 . 8 4. 58  

I 83 . 8 1 1 1 . }0 i 175. 8 I , 26. 44 
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(v) riller Count s %  

The me an cocksfoot t i l l er densi t ie s  were somewhat 

s i milar in each treatme nt . However the c ontribut i o n  of 

c ontaminant speci e s  wa s grea t er in the merino treatment than 

in the romney treatment . ,\gai n ,  for the moa t  part , the t i l ler 

s i z e  o f  the c ontami nant species  was small c ompared wit h t he 

cocksfoot tillers. Dead t i l l er s  were not fouTh1 after the 

first obs erva t i on on 29 J une . 
The number of l ive t i l l e rs declined over t he experiment . 

Thi s wa s mo.r·e marked wi t h  cock s.f'oot t han wit h  the c ontaminant 

spe\:! i e a . 

I' abl e  I l l  • '"' ·  

; �o111.ney 
- - - -

D at e  C oc1-:: s . + " ( 'th�r - . . . . S h)P • 
+ ' - . I o . . J e ad + - " � ... .-.) . � . 

29 
23 
15 

29 
23 
1 5  

Junn 5470 7Gr( 23GO 
Jul.; 7 � ,- ,.., .) I UV  r r· r 

.)U.) 4240 
.;.uc .. 5350 540 2'J['.Q 

I. erino 
J uno 44-:jO 84-,5 <.t-400 
J uly 2400 4<30 4r;oo 
A.Ul)e 3 1 t:;G 570 3900 

(vi ) ·"'o '3i t i o n  of G eo'�!�-in£, � oint.§.: 

3d3 49 35 
562 0 

462 0 

�- 98 68 
17:�· 0 

40C1 0 

�·h·3 me an dept..:l of the c;rcw1 Ilf, point o f  t ·  e c c cksfoot 
t i l l ers at the co:n,:aenc ement of t he experiment (29 June ) was 

a . 70 mm belo·;: the ground aur.faco ( ._; . ..  :. . o! me an • o .  511 ) . At 

thi s  st u�e no ext e nsion of t ho growing poiut waa observed 
wh ich waa about 2 mm ab ove the root : shoot junctio:-:1.. A 
further e xa.I:linat ion wa;3 mad e o n  t he 1 5tLL ;,ugust but e. s  no 
el oneat i c n  of t h e  growi ng point wa s s een in any of ·the 
t i l l ers examined the me m depth o! the gr·owing point was not 
e s t imat ed . 
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Animal J.\e c ords . 
During peri od I the mean liveweight of the romneys and meri nos 
inc rea sed by 3 . 4 r:g s  and 6. 1 £gs re sp ec t ively . .".. sl ight 
dec l ine in �ei ght occur ed dur ing p eriod II (�able III . 5) . 

'fable III, 5. 

. �0 t:..1e,y 
}) ate 

+ ... e an - . d .  o.r :n o  an . 
·rul y ·� 44 . 0 0 . 67 
July 24 47 . 4 0 . 54 

I :.;ean 

3�) . 4 
!t-4 . 5 

. e r i .'lo 
+ cf - J .  . . _j_ _ _  I 

,.., f<'"" """' I e :;;> I 

0 . 69 

mean 

;IUQlS t 14 4G . 1 0. 94 43 . 9 0 . 76 

I ·-: wu � int c:- e :s t i r: :� t o  o bs erve t!! '; t durinc t i l l er m C' � sta e�'t>n.t ��  
t:-1e :nerinc,:> c rou :'t?d t Jt�c t b t;r in n c··., nl l  t)U11 C� ') tld. nc::.�'.'ta l ly 

u :  ::: f f c � t (' J  1"�Y t"'e ob � ·� �r " r  · · :; ·� C "'� nt '!.n · -:- �· t::- ·�r'" Z '"  : '" !"'" ... � l y . 
�;ne :· :er·ir:o 1�:et ne r d ev•! l c ,t; ·� d  f •� c t r :;t � o ::..' £. s: ort · . c :· i ou. w:b i c h  
;-:.r;y h:nre rod;;.c Gd �. t s  •5ra z i n· ·  t 1 "'1e . ;'hin o e c u r e·1 in n · ·i i: e  of 
c cr (;ful nt t Hnt i on t o  .:' e c t  .r;ri o r  to the e c '". ( n c e �·E ·nt of t �1e 
e:::·p-J r l ment . ''!:he fi e l rl tlO H sl.: r.etlen t c  nevtn· .� i s tu rbed t!. (: s he e� 
in �my one 7'1 ot for rr: t :> :r n  th.rm 4 h our e 1 � � t i me , eve r-j 2 . 7 -
2 . 8 d�' s • .. �- o;:�: e c t  on .;ra z in.,:; t i t: .. e , l f  i t  .. L 1c t  thi b o c cured , 
wn s r:robabl y sma LL . 

1£>ss of J .e c ords . 
-rhe nu.:nb er of m3 rke d t tl l or a  ourvi vine at t he end o f  

period I wa a 234 in t he ro r:1ney and 2;$6 i n  t l'ie t1orj .no tre�t.ment . 
By the end of period II t heJ�e were 232 in the rooney treatment 

and 225 in the me rino . 'I'he losse s and how tha so occured 

are shown in Tab l e  I I I . 6. 

Duri ng thi s experiment the l o s s e s  o! r ecords was quite 

low when c ompared wi th experiment I and thi s is accounted !or 

mainly by the lesser numb er o! di spl ac ed ti ll ers . The taller 
pasture s pr e sent in this experiment probably account s for the 
!ewer di spl aced tiller s .  Since fewer till ers were observed to 
be uproot ed thi s als o  would have influenced the l o s s  or 
markers . 



Ta}?le III , G. 
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. (easons f o r  : .oss of Tiller .-te c ord s, and lJosses 
in each Category. 

: ,onney 1:erino 
l'eri od I II I II 

�-io . t ar:;� ; ·::d 240 240 240 240 
• rot a l  .uos t  6 8 4 15 
!Uprooted 0 0 0 0 fi spl e c ed 1 2 0 0 
(De ath due t o  co11.pl e t e  

def o l i � t i on 0 1 1 2 

"trodden ' ) 1 1 1 ' ·  

!De a th l'rc m o t he r  c. aus e s  j 3 2 7 

D e fol i a t i o� o f  t l l l e r � . 
( a )  if egue11cy of :)ofolioti;c·n • 

- ----- -- -----

. _ l xt e e n  o-� 0 �:r ·v2t i c n a  ( B  in each .t:·eriod )  V'ere· n;.ad e on the 

ro;nne:.; t re z- t :: t: n t  � -w: .I i ft e e r  .. o n  t h" � c-r� n(> t .ru;tr: �� Lt ( 8  i n  pe l•i od I 
tind 7 in p e rlod. I I ) . "2ht' fre n t.. e n cy of cl f.' fv)  i n t i on fc. r e ach p eri ocl 
is ohc wn in .i ' ab l e  IIl . ? . 

·r able 1 II .7. b reg\�ncy of � o f ol iat i u n  (�ays bo twee� dofoli �t ions ) . 

-

-�omne:r + � : . f.,., . 1.� �rino + Q • .t: . - -

.Perio<L I 9 . 1 0 . 36 10 , 1) o . ;6 
I jFeriod II 7 . 1 o .  3(J ? . ( 0 . 36 

'.rhore wns no si gr.if i c a nt di fferenc e between the merino and 

romnay treatoent s . 1I.:,wever ·;;Le differe n c e  be twe e n  pe ri o<.l I and 

period II '4'aS hiGhJ.J dignifi·�&nt . rhere W·l S  no F. .ignificant 
int era a ti o a .  

The frequency of defoliation was not s i gnif � c antly dift !rent 

between transects within ei ther treatoent or period within a 
treatment . 
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Table I II . 8 . ::-: e an  G . j J . L . and. Height ( cm) c /  �:r�:z ed 'i nd U nLra zed l' i l l e ra 3e.f'ore Graz ins. 

G . I . • I..1. 
Date Gra zea. 
July 7 31 . 12 

10 32 . 53 
13 30 . 4L  .. 
17 }0 . ?7 
20 I 26. 66 
23 ; 21 . 88 
25 1 21 . 63 1 1� .68 August 3 

6 I <}. 11 
B 1 10. 53 10 i 1·�) • J.:� 

13  " 37 ... ., . : 
15  �3 . 3t) 
18 �3 . 9 1  
21 7 . 1 ·::1 

! 
! ' 
! 

u ngra zed 
29 . 2G 
2/ ' 7  . o 

20. :,-,� 
25 . 27 
25 . ,?U 
20 . 16 ! 
1? . 38 

... ,..., ,_ 0 e f / 
P, . gq - - "'  I 
"" tl') : ,; • - - i 

7 . ec; 
6. '1<) 
C·. 4 G  
L. 1 3 
0. 3o 

: on..ney 

�,� :L g. 
.. . ( •  . .. . ... · . . 
() . 10 
.£·� • ....) . 

. .  
1\ . o..) . 

. ' . 
.&. 4  e o,J . 

!� • . :. • 

0 . 10 
0 . 10 
.. 
.: : . -· . 
_, , ... 

i 

I 1 

I 
. . • · � . 

I :� • • .,} • ! 
0 . 05 
0 . 10 
0 .05 
.�. .. . ,.,.J . 

T{c i �.lt 
-.�ra z en 

12 . 1 5  
_, ) t i'/ � � . . 

' 14 . 42 
'i 2 . 46 
'10 . 'J2 

9 . 1 1  
3 . 4C 
4 . 7/ 
r C:.. '"> t .  -"-

/J /! /t 
t .  ' I 

·� - � 
) . 83 
3 .7<! 
3 . 30 
� . 1 5  

i 
1 

I l 1 I ! 

,; � � �.ra z ed 
1 •> . 3 5  
20 . 62 
1 '1 . 7'1 
1 "1 . 33 
10 . 25 

S . 63 
6. 80 
::; .  ��J 
"Z C" "' .1 • / .1  
3 . 66 
3 . 3d 
3 . 25 
�' . l�3 
2 . 36 
.:: . 64 

:.� erino 
C .  L . ..... . 

uut e Grazed L"ngrazed 
Z uly ? 

10 3'+ . 00 30. 30 
13 3 1 . '?6 I 

1 
30.21 

17 ' 3 1 .03 I 26. 13 
20 32. ';}6 I 22. 91 

2 X ,) 25. 51 23 . 06 
25 2-+ . 48 1'). 66 

: • ..l CUG t 10 1 1 . 51 9 . )?  
1 3  1 ·i . 18 9 .2� 
1 5  1 0 . 59 8. 97 
13 <) . 4 6  8 . 48 21 s . ?9 7 - 93 
2'1 7 . 42 ? . ?0 
26 '10 . 27 '1 . 39 

Height 
.:ig. Grazed Ungrased 

� '  ' 1 I t l • V e  15. 33 
I �i . S . ' 14. 31 ' i 

I o.o5 : 13 . � 
I 

0. 1Q i 12.00 
n . s . : 10. 17 

. - l 
�" • � • I 

I �i · , 
· 

! • t.-' . 

I .N . � . ; 
I "' c• ! 11 • ..:; . t 

• 

1 0. 05 ! 
.'! . � . I 
kf ..... I J,'i • ,:J • : ' 

N . S . 1 

9 . 83 

5 . 03 
4.90 
4 . 00  

4 . 38 
4 . 20  
3 . 27  
3 . 92 

} 14 . 1� 
. 

13.60 
11 . 55 

9. 96 
9. 52 

i ?.27 ! 

4. ?4 

I 4.03 

3 . 99 
I 4.46 
I 

3 .64 1 

' 3.44 
1 3 . 08 
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Table II I . 8 .  ahowa the G . L . L . of ti l l ers grazed and not 

grazed at succe ding obs erva t i ons . A.t al l  obs erva tions exc ept 
one in the meri no treatment , the G . L . L . o£ til lers subsequent ly 

grazed wu s gre a t er t han that of til ler s not subsequently graz ed . 

However t he s e  di fferenc es only reached signi ficance on 6 occasions 

on the romney treatment and on 3 occasi ons in t he mer ino tre atment s .  

The sub sequ ent fre quency of defoliat ion duri n� peri od I of 
tillers ini tial ly gra z ed pr ior to July 10 and thos e not grazed 
prior t o  this dat e i e  shown in Table 1 1 1 . 9 . It can be seen that 
t he d ifferenc e s  in t he subsequent frequency of defo l ia ti on of 

those t i ll ers ini t i a lly s a l e o t ed and tho s e  not initially s el e c t ed 

were not si gnifi c ant in either treatment during period I . 

Tabl e III .9. 

No . tillers 

No . defoli ations 

Sub sequent Defoliat i ons dur ing period I of Ti l l§rs 

Grazed or Ungraz ed prior t o  July 10 . 

.nomney 

Gra z ed Ungrazed 

69 I 171 

2 . 35 t 0 . 12? · 2 .42 t 0.094 

I:.erino 

Grazed Ungra zed 

56 
+ 2 . 1 5  - 0 . 15 

(b) Severity of Defoliati on. 

As in experiment I e stimatec were made of the severity or 
defoliation in terms of the mean gre en l e af l ength removed per 

tiller at a defoliation and expressed as a percentage of that 

avai l able on grazed t ill ers . The result s  are shown in Fig . III . 3. 
and Tabl e III . 10 .  

��ble I;1;�110. Seierit;t o! Det2lia�ioa of Individ�ll Till1r1 

!a terms o! G . L. L. �mml asg ag ! Percen�age ot 

G . L,L. removed <20 · 

mm t 3 , E . % t s . E . 
Period I Romney 68. 33 15.05 24.?0 2 . 69 I 

Merino 65.02 15.05 22. 15 2 .69 
�eriod II Romne7 29.26 15.05 29.32 ' 2. 69 

Merino 29.88 15.05 31 . 33 2 .69 
Period I &. II Romney I 45e9? 10.64 2?.34 I 1 . <)0 

Merino 4?.45 10.64 26.?4 1 .90 
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(A)  

// 
0�, 0 � 

0-0 Romney 
X- - X Merino /0�\ 

x I \ 
o / \ I \ 

I \ I  \ 

6 

( B )  

6 

j x V� 

PER IOD I 

1 2  1 8  24 

)( /0-----.}./x\ I � I o 
I \ I A o 1x , 1 o x 

I 
X 

I \ I  
)( 

30 5 
August 

0 
\ 

0 

P E R IOD 1 1  

1 1  0 
I 0 

0- 0 Romney 
x--

x 
Merino 

PER IOD I PER IOD 1 1  

1 2  1 8  24 30 5 1 1  
August 

F I G .  I l l .  3 SEVE R ITY OF D E FO L I ATION OF INDIVIDUAL T I L LERS 

(A) Mean G L L  removed (m.m) and (B) % of GLL removed, at a single defoliation. 

1 7  23 

1 7  23 
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The l ength o! l eaf removed as very si mil ar under both 

t reatment s and the sm all di ffer enc e s  within periods were not 

significant . The diff erences between periods wa s signif icant 

a s  a gre at er G . L . � . was removed on the tal ler pasture s  during 

peri od I .  

I n  c ont rast t o  t he length of l eaf remov ed the % removed 

inc rea sed s i gnifi c ant ly from peri od I to peri od I I  over the whole 

experiment as t he pa sture s wero mor e c losely t�a zed . 
A feat ure of the graphs shown in Fig . III . , . is the simil arity 

in shnpe of t he l e ngth removed and the ;� remov ed .  This contra st s 

with a much l e ss di stinct rel a t ionship ob s erved in experiment I .  

( c ) Ase Categorie s  o f  Till ers . 

Analysi s  of the two age groups of tillers sugge sted that the 

old t i l l ers were defoliat ed more frequently t han the young til l e rs 

particul arly by the romney wethers during peri od I .  ( Table I II . 1 1 ) . 

All t ill ers were defol i �. t ed mor e freqlle ntly during period I I  

than during period I but there was no i nt e rac t i on wi t h  t he category 

of tillers o r  treatment . 
The pat tern of sever i t y  or defol i at i o n  indic a t e s  that during 

peri od  I the old and young til l ers were grazed differe ntly . On the 

r omney treatment the young t i l lers were grazed much less severely 

than the old t i l l ers but on the merino t reatment the conv erse 

occured with young t illers b eing mor e severely grazed than old 

t i llers . During period II young and old till ers appe ared to be 

gra zed with equal severity under both treatment s .  

( d) Defoliat ion of In41v1dual Lemves. 

The pattern ot lea! sel ecti on within ti llers i s  shown in 

Fig. III .4. As in Experiment I there was a definite selection !or 

the younger leaves and against the older l eaves , during both peri ods .  

The sel ect ion pattern is much mor e marked under t he merino treatme nt 

than under the romney treatment . In fact there appears to be a 
gradation fro� lea! 1 , t o  leat 2 ,  to older leave s but under the 

romney treatment the second lea! appears t o be s elected more 

frequently t han either t he first l e at or older l eaves .  Merino sheep 

appear to select more against old.er l eaves than do romney sheep . 
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Table III, 11 (a) Frequency of De!'ollati on of "Old" and "You.Ji.Y5" 

Tillers ( days be tween defoliations) , 

.. omney Lerino 

Old + (' ,.. . - v . ;...;., . Young + - ( "'\  . ,  
·:.> • r, • Old + r Young •• � - """ • � • - '-" • � • 

Peri od I s . o •  0. 59 11 , 6  0 . 59 10 , 0  0 . 59 10 . 9  

f'eri od I I  ? . 2  0 . 59 8 , 1 0 . 59 ? . 5  0 . 59 8 . 4  
�)eriod I & I I  ?. 6• 0 . 35 9 . 5 0 . 35 8 . 6  0. 35 9 . 5 

l 

• r . E . for peri od I or period II x cat e�ory = ± 0 . 59 
+ s . E . for period I & II x cat egory .t 0 . 35 

0 . 59 

0. 59 
0 . 3 5 

(b )  �;everi ty of Defo l i ation o r  "Old" and "Youns" Till ers 

(;:, G . L . r . • removed per defol ia t ion) 

L;:omn.ey !i�erino 

Old Young Old Young 
Weriod I 2 5 . 39 1 3 . 63 23 . 78 }1 , 1 1 
Period I I  30 . 92 31 . 56 26. 62 29 . 24 
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ROM N E Y  

P E R IOD I 

M E R I N O  

Leaf 2 3 or more Leaf 

F I G .  I l l .  4 PATT E R N  O F  L E A F  S E L E C T I O N  ON T I L L E R S 

P E R I O O  1 1  

2 3 or more 

Showing % of t i l lers with youngest ( 1 ) . intermediate ( 2 1  and oldest ( 3  or more) 

leaves available (unshaded ) and selected (shaded ) 

T r l lers wr th 

leaf avar labl 

T r l l e r s  wtth 

leaf  selected 



E .  D i scu s si on. 

( 1 )  Of Tec hnique s :  
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The main pneture , animal and t illers mea surement s used 
did not di ffer aignifi c � nt ly fro m thos e us ed in Cxpcricent I .  The 
only addit ional oe o. sur en:;e nt zr.ade i n  t hi s  expe ri ment �m s the 
det erminnt ion of the d epth of th o gror.i ng point . A few other 

work e rs ( Brnnson, 1953 ; /.itken , 1<)62 ; van der Ecoyeen , 1963 ) , 

have also determined the posi tion of the growing point of gra s s e s  
i n  rel a t i on t o  i t s  acc e s s ib i l i ty t o  Era zing and po s s ible effect s 
on reproductive grasses . The t echnique used has c ommonly involved 

spl itting the ti l le r and examining the position or the apex. Thi s 
t e chni que i s  rel at ive ly simpl e when the t�owing point is above 

ground l evel but may involve some diffi cul ty when below ground 

l evel . Branson ( 1953) found the po siti on of the growing point 

t o  vary s i e;nific antly between s pe c i e s . .i.{t:·nt ucky bluegra s s  (� 
pratensis )  !or example had i t s  gr u�ins poln t b e low �round through

out the enti r e  growinr�� aea Bon whi l e  ·. a s t ern . .  hc atgras! . ·r\ru �wron 

sr:i.i ·,jnii )  pre·sented i t s  gro11ing point as htgh as 5 inc.t.e s above 

ground l ev el , even early in the growinr; s Etason . ·.rile :r·esult s 

ob t ai ned in this study !or cocks! oot are c.ons i s t ent wi th Braneon • s 
dat a which showed thnt f er perenni al gra sses the growing point 

i s  genera l ly b e l ow t ue soil s urfac e . The technique used in t h i s  

study is simple and quick ( 1 50 tillers were proc e s sed in the 

l aborat ory in about 2 hours)  e special ly duri ng the vegetative 
stages o! growth. Once internode elongat ion commenc ea a gre at er 
pasture sampling int ensi ty would probably be necessary. 

(11) or H.e aul t a :  

Pastyre �easurements. 

The quanti ty o! pasture availabl e declined st eadi ly under 

e aeh treatme nt throughout the experiment . At the c ommenc ement of 
the experiment the rate ot growtt. of the pasture was very low and 
the losses by decomposit ion of de ad mat eri al were probably as 
great or great er , than the ne growth due to le af initiat ion and 

expansion. Toward s the nd of th e experimental period the growth 
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rat e ro s e  c orre spond ing with the norma l st art of the Sl>ri ng growth 

asso c i n t ed w it h  ri s i nc t er!pert1.ture s  a nd b ett er l i c;: ht c ondi t i ons . 
However the na j or f a c t o r  det o r� i n i ng the ava i l ab i l i ty decl ine 

w a s  r em ov al by the ani �al . C ompa ri s on of the two curye s ( Fi5. III . 1 )  
would probably suggest t r:at the rate of intake uf the two b r e ed e 

o f  sheep , me ri no and ron:ney , wa s rat her simi la r . 
A.s the ava i l abi l i  t �t d e c l ined t h e r e  w a s  a c c rr a sp ond i ng  

reduc t i on i n  t h e  lle ight of the pa � tur e  �n1 al t. er :; t i o;} in ·the 
b o t anic al c ompo sit i o n  of the t ot al d ry mat ter av :3.i l eb le . 3 e � au s e  
d e ad matt fJ I' i s  coruine d  rr • .a i nly t o  t te bn. G e  o.f t .b e  S\HJ.rd t \u s  made 

a rel a t ivel y gre a t e r  c ont ribut i on t o  t :1.e t c. t a. l  d..ry ;t,a t t e r  av :tl l abl e 
a s  p o sture s b e c a� e  uor e cl o s ely gr8 z ed . 

/'..s s oc i a t ed wit h t he s e � s on al co nd iti ons ;;f low t em pera tur e  
t he r e  i s  a decl i nt.? i n  t i l l er numbe rs due i11n inly t o  the very l ow 
rat e of ini t iation of new t i l l e r  bud s Clanger , 1J63 ) . This dec l ine 

may have b e e n  acc entuat ed , parti cul a rly dur ing �eriod I ,  due to 
shadi ng of some ti l l e r s  i n  the t al l  dense sward � c uu s in� death 
( hunt , 1968 ) . Fewer ti ller�  were obs erved t o  be uproot ed i n  thi s 
experintent c ompared wit h  �eriment I . '�hi s  may havo been the 
r e sult of bc· t t e r  root d eve:!. opm'2nt und e r  t �lC -.vett c :- .c oil c c ndi t l ons 
of July and. . •  ugust t han oc<�ured under the very dry soil condit i ons 

in :i:xpel�icant I cau sing ti :L l e r s  t o  be mor e  f irmly a nchor ed . Al so 

sinc e  the p£-t stu.r e s  we r e  no<; c los ely �ra z ocl.. in t h1 c  oxp orime nt a 

c rit i c al he ight at which losses m ay b e  maximised may not have b e en 

reached . 
�ontaninant speci e s ,  mainly poa sp ecies , perenni al ryegrass 

and york shire fo g ,  repres ented a signif ic ant proporti on of the 

available green mat ter in each treatment . For the most p•1rt the se 

specie s  were scatt ered evenly t hrough the c ookstoot but a few 

mor e conc entrat ed areas were �resent on the merino plot . The se 

speci es were unlikely to have had a maj or effect on the pattern of 

grazing but th � may have contribut ed to some or the variation 
in the frequency of defol iati on ot til lers between trana ect s during 
period I .  The merino aheep were observed to graze the more 

prostrate cont aminant s at the beginning of the experiment . The 

two tranaects ( 1  and 2) locat ed in this region had higher frequenc ie s 

ot defol iation dur ing period I ( Appendix iii Tabl e 3 ) . 
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Animal s Hec orde . 

The weight change s  of t he sheep were very simil ar for each 

breed . rhey indicate t ha t  int ake was probably una ffect ed during 

p eriod l but during period li some reduction of int ak e  may have 

occured. 'I'he ronmey plot s were very short during period II and 
the rat e of i nt ak e  may have been l imit ed by th is factor . On the 

merino treatment however , one of the wethers c ont ra cted f oo trot 

and i t  wtts the l o a a  in weight o! t hi s  animal thut caus ed t he meri no 

treatment t o  show a decl ine in weight during period I I ;  the other 

two sheep maintai ning wei ght . 'l'he abi l ity o! these two s heep t o  
maintai n wei ght una er t he short cona i t i ons may b e  due t o  the 

I·el a ti vely sntaller size of mouth of the merino she ep compared w1 th 

romney fac i l i t ating in t he grazing of very short pa stures ( Allden 

and ',·. hi t t o.ker , 1970 ) . 

Tiller Loase s . 

Very few rec ord s  \vere l o st i n  this e:.:.p erirnent . ' . .', etter soil 
c ondit ions rat her t h...-m l eadi nr; to gre a t er numbers of l o s t  record s  

a s  was expe c t ed , :r.a; enab l E :  m:..rk er s  d nd t i l l e r s  t o  b e  l e s s  

sus c e pt i bl e  t o  di sp l ac emen1: . 'rhe d.i f!erer c e s  ob s� rved b e tween thi s 

expe riment e nd �:xperiment 1 maJ" a l s o  b e  a f 30ci a t ed with the 
relative c l o sene s s  o! grazi.ng . I,o s s e s  be c ame mor e markect the c los er 

pa sture s were gra z ed in exper iment I but in thi s ntudy tho pastures 
were not graz ed as clo se . 

Pgttern of Defol i a t ion. 
( a )  I'reguenc:t• 

Under both treatment s frequency of defol iat ion increased 

as the pa sture height and avai lability decl ined . This pattern 

follows th at obs erved in the medium treatment o! E.x1>eriment I 

and agree s wi th expectati ons under conditi ons of dec lining 

avail ability ( Morris , 1969) . As the animal endeavour s to 

maintain intake rat e of biting and the length of t ime spe nt 

grazing increases, this would be refl ected in an increased 

t�quency of defoliation ot individual tillers.  
Por the two treatment s in th i s  experiment there w&s a 

clo ser relationship in the change in pasture condit i ons , i . e .  

height and avai lability , wi th the medium stocked treatment 
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in Experiment I rather than with the mor e extreme high stocked 

treatment . Though the she ep on the romney tre atment l ost weight 

during period II t he stage at which a reducti on oc curs in the 

frequency of defol iati on due t o  the shortne ss and reduc ed avail

ability of the p asture do es  not appear to have been reached.  

( b )  Severity of Defoliation . 

The p att ern of chang e  in G . L . L . removed (mm) s e ems t o  f ol l ow 

the same patt ern ob s erved in exp eriment I ,  b e ing c l o s ely r e la t ed 

t o  the chan�ing he i ght and G . L . L . of the p a stur e . I n  a si mil ar 

study on c o ck sfoot r��orri s ( 1 9 69 )  al s o  found the gre at e st length 

of G . L . r emov ed was from the pasture s where the G . L . L . of tiller  

was great e s t . 

The % G . L . L . remov ed per d e fo l i a t i on ro s e  from leve l s  of 

about 23% during period I t o  30% during period II for the simil ar 

cond it i ons of decl ini ng p asture he ight and G . L . L . The se valu e s  

are l ower than tho s e of ab out 3 6;� and 3 3/o ob s erved i n  exp eriment I 

but again are s imil ar t o  the patt ern ob s erved by l. orri s f or l amb s 

grazing c ocksfoot where t ee s everity of d e fo l i ati on incr e a sed from 

19 to 309� as the L . A . I . o f  the p a stur e s  d ec l ine d from 5 t o  3 uni t s .  

The patt ern of incre a s ed E everity of defo l i at ion a s  pasture height 

d e c l ine s agre e s  with re sul t s found in o t h er stud i e s  ( liodgson , 1 966 , 

1 969 ) and exp e c t at i ons b a E.ed on a decl ining length of G . L . ava i l ab l e  

per t i l l er b e f or e  defo l i a t i on . 

The di sparity of t he s e  r e sult s and experiment I c ould b e  due 

to l e s s  marked change s in t il l er dens i t y  of th e two pasture s  

during the c ourse o f  the experiment . A much small e r  inc rease in 

pasture density as t hey were graz ed clo ser to ground level in 

thi s experiment , would not have allowed the gra z i ng sheep to  

c ompensat e for the eff e c t s  of reduced hei ght by inc reasing the 

s i z e  of bite ( Arnold and Dudzinski , 1969 ) . This probably c aus ed 

them to graze plant s more severely as height decline d .  

It  is  al so l ikely that the l ow density o f  the pastures at 

the c ommenc ement of experiment I cont ribut ed to the high severity 

ob served during peri od I for that experiment . A large bite c ould 

only b e  achi eved by removing a l arge proportion of a few tillers 

rather than a l e s ser proporti on of a greater numb er of tiller s  

a s  probably was p o ss ible at the commenc ement of thi s pr esent 

experiment . 
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Both graphs of severity of defol i a t ion s how a roore marked 
saw-toothed pat t e r n  w i t h  suc c e s sive obs erva t i ons thu n wa s ob served 

in Experiment I .  I t  i s  al s o  n o t i ceabl e that the peaks a nd  tr OUf!hS 

c orre spond mor e c l. o 43ely than wa s ob serv ed in .:Xpcriment I . I t  

would b e  expected that c h,=< nge a i n  t he l ength of green l e af rextoved 
should be r e f l e c t ed i n  tbe . .., o f  � • .!... . :... . remov ed s i�c e it is not 
p o s s i b l e  f or the G . � . � . of ti l l ers to f lu c t u a t e  �id e l y  over short 
peri od s of t i ne . 

The fluctuat i o ns i n  3 . L . � . rexcved refle c t  t he l e n �th of 
l e a f  remov ed per t i l le r  wi t hou t the corr e c t ion appl i ed fo r gr0 � h  
b etwe e n  ob servat i o n  d a t e s .  ·I1his factor d.o e s  n o t  a p :)enr t o  c orre spond 
c onsi s t e n t ly w i t h  c h ang es i n  growth rat e of the pas ture obs e rved 
from the increa s e s  i n  G . L . � . of ungra z ed t i l l ers , al t hough the 
t hree l ow e st i ma t e s  duri ng period I on t he m e r i no t reatment at 
J uly 10 , 20 and 25 do c orrespond w i t h  v er:.t l ow v a l u e s of e s t i m:1t ed 
erowth r � t e . r. ark.ed fluctuat i on s  in growth a �3 1 i e t e rmined by t l:i a 
me t r:.od were obs erve>d dur i n5 thi .s exr,: r i :r.en t ( .;:;) ewlix I I I  l.'a.bl e 5) . 

Broughun and Gl endny ( 1969)  re�ort flue t u ::� 't J o n R  o f  u r  t o  t hr e e  t i m e ft  
the u sual gr :;;wth rat e  duri n r�  t b t:  v:i nt or s e 1 s on L� r c oc :cs f c ot and 
ry e ;�rn s o  e. s  3. re !3ult of w·ea t her .fluctuat i o ns e . g . i ncr,� n s e c  i n  
nir�itt t e .�.pe r. ,�t ure s . :'he f l  uc tu a t i oas i.r.. [.r:',:n,rt;h ra t e  in t h i �3 stud y 
a c c en tuated ;;h  f l uc tua t i on s  i n  the / ·  of G • .L . L . rPmov ed when th e 
c orr e c t i on for t;r ov>'t h  ra t e  we s e ppl i ed . 

( c )  Age Cat egori e s  o f  T i l l er s .  

The patt ern o f  fre quency o f  defol ia t i on show s truJt both 

breeds gra zed the " old " til lers more frequently than the "young " 

till ers . This patt ern may have been due t o  delibera t e  selecti on 

o! either the oldest tillero or aga inst the youngest ti ll ers 2£ 
to the struc tur e of the two cat egories of t i l l ers interacting wi th 

t h e  she ep ' s norma l grazing proc e s s . Table II I . 12. sho s t he 

di fferenc e s  in G . L . L . o! the two cat ego r i e s  of tillers .  The " older" 
tillers were al -.ays larger tha.Il the "young " till ers although t his 

was l e s s  marked in peri od II . It  appears that the normal horiz ont al 
grazing patt ern of heep l e ads t o t he tal l est and mo st obvi ous 

ti ll er s i . e .  the " old" t i l l el"s , bo ing graz ed more frequent ly than 
the l e  s obvious t iller s  i . e .  the ''young " till ers . I fo other 

dif!erenc e s  i n  their struc ture or c ompo sition were obvi ou s in the 
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T able I I I . 12 .Mean G . L . L .  of "Old " and "You.ngu T i l l ers (mm ) 

Romney t.!erino 

Old Young O ld Young 

'eriod I 270 . 4 205 . 9 276 . 8 '"'2 C' 9 t::. -.; • •  

� e riod l l  76 . 3 70 . 3 31 . 5  88 . 5 
e r i o d  l -�: l i  1 76 . 8 1 ;lb . 1 1 54 . 2 1 58 . 7 

f i e l d . 
Lo· ,· eV e l' t t l1o p c.n; t c.cn of s e v c.::- 1 t:· o f  dcfo l i J t i o n d o a c not 

a · )peu.c t o  f o l l ow tiH:' e.<"J)e c t cd ) -' t t  . .) rn of: a.n i nc :-: zJ. ::; ,� -J s e v errity 

1 L ... :le :� [ -:;  b e  :::o r e L r.r ... ort .J.r ... t t c  t · . t:  r o ;:. ncy b r e ec'. tut f e r  the- merino 
br e ed. t l:L3 b e  s i c  ::;;:.� c c c :, r; . 1o;y b e  ":. oo i f i e d  by r: crc n t ar d o 0 r �; e  of 
b E:! l f�c t i oz� en the ve:·t i c �  1 rl n ne tH:, C. e s c .s.  i. b e d  by rnold ( 1 r)60) . l'hus 
short e r  G Li.. l or s  w i t hin a nixture o l'  si z e s  ::m�· b e  cr!1 Z €!d cl o s er to 
��r c und l eV iJl than t o l l cr t i l l e r· s by meri no sheep . �uri n� peri od II  
when tr.w " old " and "younr: " ti l l er s  w o r e  mor e .sir::,il .<.Ir in  G . L . L . the 
pn t tern cf n cvcri ty w a s  sirti l a r  f or P � C � c a t egor.:,r for b ot h  br e eds of 
s he eT) • 

(d )  �-)el ec t i on . 
( i )  · ·athin the .;·· a s tu re : 

The s t at i s t i cal resul t s show that ther· e was very lit tle 
n e l e t.: t i on �or d if f e rent sites of t hF.: pa.ddoci: by e ither mer4.no 
or ronney sheep . All tran e e c t c  appe ared t o  b� graz ed e quallJ' 

and till ers init i £tlly sel e cted w e r e  not eubseq_uent ly grazed 
more frequontly tb an these no t ini t i ally sel e c t ed . However 
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Plate 2.• 

Development of the "dung patch" grazing effect 
on the merino pasture (right side of the fenc e )  
after 3 weeks (upper) and aft er 6 weeks (lower) . 
Note the plainly visible dung on the romney plot 

( left side of the fence) . 



- 85 -

ob s e rvu t i on on the pc. d ei. oc k �  d i u  inJi c a t e  that some c el t� <.: t i on 
·.1 a s  vcc u..c.;. ut; 1->�� ::::- t i c ul arl,;t uy t ile mur·ino s hee r) • L'he ob� ervati ons 
of s el e c t i on by �cr inv & f ur ti l t e s  w her� con t aGinant spe c i e s 
v:e l ' €'; '-' .. _.n,..:: v n t rtt t E:d lH• S be e n  rt: ; t"� l'T'�Q t c. . .:..1he l v·:: r e l a t i v e 
p ,:tl u. t a  •. : i l .i.. t ,'l- u l.  c o c ,;.s.;'. o o L  (.. t apl eton e t  o .i ,  ·1 ')2. / )  may hav e  

t:.e L� ;,vJ �. a tl t. :t.'.:., ,· '..; i v•; t c  S hF: e : '  'f!. : i c!�  1 ) J  (: f �'l' "':. ..J  r-:�:n e sho r- t e r  
lJ<A G t t  • ..c (. � :. : � u n  l c nb -: .:-· _;; , .. ::, t u ;  � s  .... r tlu� d , 1 � (.7 J • 

..:_ 1': t.�e :;.e i i ::V; 1 . l (:. i. t , 1.ln . , l d Z C'\.� 0 1  li ; /�tl;:, ,.r·c? �� �: d p a. t; C h <� s , 
3, ;-.'..-(, .; L in d i ur.Jc; t. d; , � tn P. ob.3 o Tveu 1.:; 0 :1 e \' C ..1. u> u ;.· t a :� u b --u t two 

a t i O �  C C C�red Hi1d i:;ru z i w.: Wd S ri ;_�;Q. t  Up tO t �C· rJ.un ,_� i t s e l f  
( .:. l a t t:  5 ) . :: he de v tJ l o �) .... t:J n c; of •1 -!-l. t c l-) e s  in n I Y·. � t u:-o b e c �u s 0  o f  

e i t. eJ 1';; r airr,i l ::u· c L t uH t i v; s  i P  �1 ! ·- � ;� T ". Z ed :" · ·· t ·1r e: � . 
2:. �� .:;n t t l t:: ,  .:; :_.e l l .).( cne l.' a e c e 3  h: i!'> t o e .:::. c l e arly :� ho · .. l!l i,; (; be 

t : u: ,J ,� Ll f u. � t ;:. r  c c. u.r::i z l,._ t r. t.  <:. v o Lhnce v J.' d.unt:;e·l ur e o s  ( 'J C J i n rmid , 

t::..e i r· olf o. c t or,y l ob e s  r e muved sh owed nu d i scriminAti on . 
,J estro�' i nc. ti-te �:J e zw e  of' G M� l l  o.f c;rc; zi n(;; bon:�nr-l ci c c st c r  :·: r..erino 

we t her·;; al so l ed t o  al tored f:; pe c i e f.:'  r� r�fe.!.�enc e s  ( ::.rnold , 1967) . 
·�.nc::;e rc au l  t s  i nd ic a t e  thnt the s r:-.ol l cf th£. f r:1 ece s could be the 
.factor i n  t he avo id anc e  o f  dun;; Hd c. r e a ::; in t :-.L> s t udy . 2lowever , 
the r· o a s o n  :· or· tl., d bre ed d i f f e rt' n c �� c  i o  no t r.::l e ar . i'hore i s  no 
r e a s on t o  b e l ieve t hot t he s e n s e  o: s�el l i s  a ny diff erent be tween 
t he t'.''O br c ed o  cf she ep . ·:ri be ( " 749 ) net ect -;; t..<'J t sme l l  w,.. s only 
important in the initi al s �l ect i o n :�y cra z i nl'; s he �p anJ. tha t  
Rft e:r a s lJ.()rt pe riod the a nima l ad :::: p t ed t o  t ! 1e f:iL')cll o.nd grazed 
t he of fensive mat erial r e a dily . l O rhaps ro�neys �dap t  mor e 
readily to the smel l of faeces than do merino s . Because 
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adaptations are invo lved the previous hi story o f  the two 

groups of animal s may also have had some effect on t his 

selec t i on pattern. 

( ii)  Within Tillers : 

The r e sul t s  shown in Fig . II I .  4 .  indicate that merino 

sheep di scriminate aga inst older l e aves on n ti l ler more than 

r omney e .  Thi s patt ern was more marked during period II when 
the two pasture s were mor e alike in their physic al charact er

istic s .  Thi s  pattern oay refl e ct a greater ab i l i ty t o  select 

by merino sheep whi ch app e ar t o  have a narrower j aw width tban 

the romney she e p .  Thi s may allow easy rej ecti on of unpal atable 

herbage . 

U nder both treatment s the tallest t ill ers were selected 

at each defoliation throughout the experiment . Thio patt ern 

of l ea! s el ection of the t al l e st ti l l e r s  also l ead s t o  the 

more frequent defo l i a t i on of old t i l l er s  in the pa sture , 

particul arly during wint er , because of the ir greater hei ght . 

Thi s s el e c t i on of t he tall e s t  t i l l e r s  confirm s the patt ern of 

ho ri z ont a l  gra zing of pastur·es by she ep ( .\rnol d , 1960) . 
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CH A.Pl'l;;R IV . GE.Nj:;HAJ.. DI S CU�SION 

I ntroduct i on. 

I n  the general di s cu ssion the de fol i at ion p at tern i s  dis

cus sed acc ordi ng t o  the di fferent parameters mea sured in thi s 

study . Fol l owing thi s  the merino and r omney breed s are compared 

and final ly the defoliation pattern i s  re l a ted t o  gra z i ng 
be havi our and t b e  grazing proc e s s  of she ep . 

The Pat t ern o f  Defoliation of Ti l l ers . 

( a ) Frequency of defoli at ion . 

The importanc e  of st ocking rat e i n  influenc i ng the fre quency 

of defol i a t i on of t il l ers in a set-st ocked sward wa s '  fi rst 

sugge sted in a theor et i c al considera t i on of graz ing management 

by Spedding ( 19658) . Sinc e t hat t ime two inve stigat i ons have 

b e e n  reported confirming that Gra z i ng fre quency i nc r e a s e s  wi th 

s t o c k i ng ra t e . In the f i r s t  r eport ( H odgson , 1966 ) , the indi c at i on 

wa s o f  a proporti onal r e l a t i onship between frequency and stock i ng 

rat e . However , a l a t er report i nd i c a t ed t hut l ow st o cking 

rat e s  may hav e frequenc i e s  nearly a s  grea t a s  high stocking 

rat e s  ( llodgs on and v l l erenshaw , 1969 ) . The re su lt s  reported 

in t he exp eriment s in thi s study al so show that the frequency or 

defol i a t ion of medium st ocked swards i s  only a l i tt l e l e s s t han 

t ha t  of hi gh stocked swards. Thi s l ead s t o  the que sti on ; ".\'hy is 

frequency of defol i a t i on not proporti onal to s t o c�ing rat e ? This 

s tudy show s that one of the factors whi ch c an have a big effect in 

c ausi ng the patt e rn to vary is pasture c ondit i ons , in particular 

the pasture hei ght and/or availabi l ity . 

I t  i s  sugge sted that the changing frequency of defol i ation 

i s  a re sponse to change s in gra z ing behaviour brought about as 

the pasture decline s  in availabil ity and hei ght . Height or 

l ength of t i ll ers i s  probably of more importanc e in c au sing 

c ha nge s in the rate of biting and t i me of graz ing tha n the 

avai l abi lity ( Allden and ' hittaker , 1970 ; Arnol d  and Dudz inski , 

1969) . Allden and Whittaker found the se two factors commenc ed 

t o  increas e  a s  the length of t illers fell below 35 cm. Therefore 

sinc e  the maximum height on any pasture in this study was 1 5  om , and 

the height decl ined rapidly on all treatments ,  increas e s in rat 
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o! bi t ins and gra zing t i me a r e  l ikel3 t o  have oc curred from the 

ini t i al stage s .  fherefore a dec l ine in he ight of pa s ture wi ll 

r e sult in an i ncre a s e i n  the frequency of defol i a t i on o f  t il l ers 
even whe n s t o c kin� r a t e  i s  he l d  con st ant . .here pa stures are 
gra z ed to shor t l e ngths , e . g . 3 cm. or l e ss , very consi derable 

c hang e s  may occur in the gra zing behavi our and there fore the 
fre quency of defol i at i on o f  t i l l er s .  Such hc i ch t s  were reached 

by fiodgson ( 1969 ) on hi s hi che s t  s t oc ked t r eatment , whi c h  t ogethe r  
wit h  int ak e b e i ng reduc ed by 50/ll on thi s treatment c ompared with 
t he l ow s t o c k ed treatment , su�ge s t ed t hat hi s obs erved patt ern 

of defol i a t i on was probably i nfluenc ed gre a t ly t hrough c hanges 
in gra z i ng behavi our . 

However und er v e ry  d i f fi cu l t  p A s t ure c ond i t i ons , e . g . very 

short pasture s , gra z ing she ep c an only i nc rea s e  the r � t e  of bi ting 

and t ime of gra z i ng up t o  c ert a in l imi t s . �.;uc h  l imi t s  are 

probably due t o  gra z i ng fat i gu e  ( t: c clymont , 1967) . In Experiment I ,  

i t  i s  fel t t ha t  the maxir.1um gra z ing t i me and maximum rute of 

bi t i nG may huve been re&. ched und er·  the hi gh stoc ked t rcat�ent , 

wi t h  the r e su l t  tha t sra z i ng fre qu enc y and s t ock in� r a t e may 
f a i l  to re�ain proport i onal beyond such a stage as o c c ured in 

t hi s  t reatoe nt duri ng period I I . 
?asture hei ght c an therefore hnv e a c onsiderab l e  b e a r i ng 

on the ob s erved fr e quency of d e fo l i at i on of pasture s und er 

di fferent st ock i nG rat e s . U nder moderat e ly short po sture 

c ond i t i ons ( 5  - 6 cm) t he fre quency of defol i u t i on o f  i ndividu a l  

ti l l ers i n  a range o f  stock i ng ra t e s  c a n  be enhanc ed , but a s  the 
p a stur e b e c ome s shor t er the frequency may dec l in e  agai n ,  both 

r e su l t i ng from c hanges in grazing behavi our . rhe se changes 

may a c c ount for the simi l arit i e s  i n  frequency of defol i a t i on of 

p�stur e s  wher e  the stocking rat es are qui t e  d ifferent especi a lly 

when the pa sture s  under each treatment are mod erat e ly short . From 
the s e  c onclusi ons can be inferred that any c onsiderati on of the 

pat t ern of frequency of defol i at i on u nder differ ent st ock ing rate s 
should give account t o  the pasture height under each trea tment . 

(b) Severity o! defoliat ion. 

There i s  s ome disagreement between Hodgson ( 1966, 1969)  and 

&,orri s ( 1969) conc erning the pattern of change in the severity 
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or defo l i a t i on ( percent age removed) of individual t i l l e r s  i n  a 

sward i n  relation to stocki ng rate and gra z ing pre ssure . For 

example Hodgson ha s showed. an incre a s e  in s everi t;;.' ( percenta ge 

removed ) wi th increasine: s t o cking rat e and gra z i ng pre s sure for 
perenni a l rye gra a s  pa stures but Lorri s usi ng cocksfoot p a sture s , 

found no su ch s i gnific ant i ncrea s e s . rhe resul t s obt a i ned from 

thi s s tudy are s im i l ar to b o t h  the se work e rs , in t hat t he r e sul t s  

o f  Experiment I sho�ed no incre�se in t he s ev er i ty o f  def o l i a t ion 

wi th an inc r· e a s e  i n  st ockint; rate and gra z i ng pre s sure while 
t he resul t s  of Experiment II did show an incre a s e . However from 

t he r e sul t s  of t hi s  study the severity of defol i a t ion also appears 
t o  be r el a t ed t o  t he hei ght o f  the pa s ture . 

In b o t h  expe ri ment s whe1t i s  immed i a t ely ap parent i s  t he 

s imil ari ty in the shape of c urv e s  for l ength of green l e af (mm)  
r emoved p er d efol i .o t i on and the curv e s  for the green l eaf l ength 

of t i l l e r s . I f  i t  is con s idered t hat the G . L . i: . ( mm) remov ed i s  

a ref l ec ti on o f  the s i z e  o f  bi t e  o f  graz i ng s heep ( as ha s been 
di scu s sed) t hi s  patt ern fi t s  th� exp e c t ed p a t t ern of a d e c l i n i ng 

si z e  of bi t e  a s  p a stur e  decre a s e s  in t i l l er l en� t h  ( see lig . I . 1 ) . 
I n  other words i t  appears th�t t  t he di ff erenc e in l e ngth of leaf 
removed b etween s t o c k ing rat e s  i s  due t o  t he diff erenc e in ini t i al 

G . L . L . and no t t o  any st ocking r a t e  effect . 

Since t he l ength of leaf r emoved vari e s  c l o o ely with the 

G . L . L . of the t i l l er be£orc gra z i ng i t  might be expected that t h e  

perc entage G . �d l.. . removed would not vary gre a t ly a s  t he he ight 

of pa sture s chunged . Thi s appears to hHve oc cured in �xperime nt I 
where there wa s no s ignif icant differ ence between t he s t ocking 

rate s ,  or p eriods , nor any int eraction between st ocking rate 

and period . The she ep appeared not to remove a great er percentage 

of the G . L . L . from the t i l l ers a s  they decrea s ed in hei ght . 

However i n  Experiment II the perc ent age removed � increase 

signi ficantly a s  the pasture hei ght decl ined ; although t his 

increase wa s not l a rge i . e . trom 22-24% to 29-�1�. 

The exi st enc e o! the se two types of re sponse ind icat e  t hat 

other !actors , be side s the relationship between l ength of l eaf 

removed and initial G . L . L. o! til lers may b e  influencing the 

perc entage o.t G . L . L . removed . One such !actor may have been the 

growth form o! tho till ers . As previously menti oned the tillers 
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in Experi ment I were obs erved t o  c hange t o a more prostrate �owth 
habi t  duri ng the t ime o! ob s erva t i ons , e spe c i a lly in period I I . 

The changes in Experiment II were not so apparent . The devel op

ment of a core prostrate growth form r esul t s i n  a gre a t e r  pro

port i on of t he l e af t i � sue being c l o s e  to ground l ev el . �hi s 
may mean t ha t  a sm a l l e r  proport i on c a n  b e  re adi ly pre het� ed by 
the gra z i n g  she ep , par t i c u l arly whe n p a s t ures a r e  v ery sh or t , 

e . g . 2-3 ems . However no i n f ormat i on i s  av a i l a b l e  for how the 
seve r i ty of defol i a t i on var i e s  w i t h  t ho growt h form o f  t i l l er s . 
Thi s fac t or could nl so b e  i nvolved in d i ffer enc e s  ob s erved b etween 

the l o wer s everi ty of def o l i o t i on of c oc k s f oot t i l l e r s  by l. o rri s ,  

( 1969 ) t ha n of perennial ryegra s o  t i l l ers by l lod g son (1966 ,  1969 ) . 

( c )  _;__.·reque ncy and Int enei t;z of Defol i a t i on of /.ge .;at e,.;o� 
of 1 i l l ere. 

The pre s enc e in the p a s ture o f  d i fferent aGed t i l l ers i s  
more m�� rked in s ome s e a s o n s  t han other s . I' o r  e XH.IT.plo i n  au\:iumn 
t i l l e r i n£; i s  very ac tl v e  due t o  the fnv ournbl e c l i Tihl t i c  c und i t i ons 

and n hi c:;h proport i on t) f young t i l l er s  c a n  be ex�H � c t ad t o  be 
pre s e nt , which rapidly reach a mature s i ze . �onv ersely in wint e r  

t i l l ering i s  muc h  reduc ed a s  c ond i t i o ns for growt h decline and , 
a s  in :;xporirnent I I , the r e  are !ewer young t i l l er s  p r o  s e nt and 

t hey remained smal l e r  in s i z e  throushout t he experime nt . �ho se 
fea t u r e s  probubly d e t ermi ned t he ob s erved pt. t t ern of defol i at i on 
of d i f f erent dged t i l l e r o  i n  thi s pre s �ut s t udJ , s u ch thd t in 
experi ment I durine p e r i o d  I "y oung " t i llers rapidly reuched similar 

si ze s (G . :.Z . L . ) to " o l d "  or e s t abl i s hed t i l l ers , and bo t h  were 
gra z ed with s i �i l er frequency and s everity by the romney she ep at 

both stockin6 rat es . 
By c ompar i son , during peri od I I  o !  ��>eriment I ,  wher� the 

rat e  o! t i l l ering and new t i ller �rowth was decl ining , the newly 

developed , or "y oungest " til l ers were grazed l e a �  .frequently on 
the medium s t ocked treatment and l e s s  s everely on the hi gh e� ocked 

treatment . A simi l ar patt ern i s  seen i n  Experiment II with 
romney sheep , the smaller (b;y G . L. L . ) "young " tillers were grazed 
l e s s  frequent ly thon the "old" or establ i shed tillers in both 

period s .  During period I when the differenc e s  in t he G . L . L . 
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b e tween the two categori es of t i l le rs wa s greatest t he severity 
of d e f o l i at i on ( perc entage removed) wa s also markedly l ower i n  

t he "young " t i l lers . 

Since green l esr length o£ t i l l er s  bore a fairly c on stant 

r e l a t i onshi p t o  hei ght of t i l l ers in these pa stures t he t i l l ers 

of gre ater s i z e  were al so more prominent i n  the sward . :,hen 

t h i s c hara ct e ri s t i c  is c oupled wi t h  t he horiz ont al gra z i ng pro c e s s  

of s h e e p  ( \rnold , 1960) tho se t i l l ers which are ahort er would 

be expe c t ed to be ��ra z ed l e ss frequ ent ly and probably l e a s  seve r ely 

in a r el a t iv e ly un i form sward . Add ed to t hi s  t he "younges t "  

t i l l er s  may have b e en l e a s  a c c e s si b l e  duri ng t he period I I  of 
Experiment I a s  p a st u re densi ty i ncreased . 

I t  mi �ht be expect ed t hat the y ounger t i l l ers wou l d  be more 

p a l at ab l e  t han older t i l l er s  because of the i r  ages ( Arnold , 1960 ) . 

:!owever this do e s not appear t o  have occured in thi s study . I n  

.experi ment I b e c au s e  o f  t h e  rapid r a t e  o f  growt h a ft er the dry 

summer a l l  t i l l ers were probably very s imil ar in pal a t ab i l ity . 

The patt ern of gra z i ng of young and old ti l l er s  in thi s study 

contrasts wi t h  the empha s i e  on young leave s  of t i l l ers and against 

l e s s  p A l at able ol der leave s .  This pattern of l ea f  s e l e c t i o n  wa s 
for periods of rapid and s l ow rat e s  of growth and a range o f  

sward struc tur e s . 

As a c ons equenc e of t he smal l young tillers being graz ed 
l e ss severely , they w i l l  ret ain a great er proport i o n  of young 

phot v aynthe t i cally a c t ive l eave s  r e l at ive t o  the more severely 
gra z ed older l e ave s . Thi s feature t oget her wi th a lower frequency 

of def o l i a t i on may a l t er the relati onship between the young and 

o lder t i l l er s  of the t il l er popul a t i on wi thin the sub sequent 

growth period ( Davie s , 1969) . 

(d )  Sel ectivit:. 

( 1 )  �ithin the pastur e :  

The f eature whi ch appears to b e  most marked i n  thi s  

study is selection or t h e  l onge st , a nd  most prominent 
arJ'eaJ's of t he sward . It should be noted however that the se 

pasture s were clos ely grazed aft er the fir s t  week and cannot 
be compared with oft en reported si tuations where exc e s s ive 

l ength and vari abil ity of pa sture allows rank , unattractive 
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herbage t o  dev e l op ( Suckl ing , 1964 ; Arnold , 1964) . On 

the p 3 stures in t hi s  study where t he s i z e  of bite was being 

reduc ed t he t a l l e st t i l l er s  were prob ably the e a s i e st t o 
gra z e  and from which t h e  l �rgest b i t e s  c ould be r emoved . 
�ocot her with t hi s  s e l ec t i o n  the p a t t ern may a l s o  be 
pr oduced by the hori z ontal gra z i ng of s he e p  on uniform 
swardu , r e su l t i n g  i n  the removal of tal l e s t  t i l l e r s  f irst . 

I n  a normnl s e t  stocked p a s t ure , where t he avai l a bi l i ty 

i s  not d ec l ininG nt a rapiu rat e a s  i n  this st udy , a p a t t ern 

of selectinB t he t al l e st t i l l er s  a nd ar e a s of the paddock 

probably a i d s  in ;_·aint aining the vigour of the who l a  pasture • 

.rhe s ho rt er n rt� a s  o f  t he pr..t Eture with a l o11er l eaf are a  for 
pho t o synthe s i s � ould , und er t hi s  lower defol i u t i on pre s sure , 

b e  permitted t o  make t he n e c e s s ary growt h r e l � t ive to t he 
tal l er are �;� s . 

( i i )  ithin the t i l l er :  
eve r  t he r�nce o f  av a i l abi l i t i e s  and p� sture he i �h t s  in 

thi s s t udy i "!: <i.P.!-'ear s t h1 1 t  t he sheep s e l e c t ed t he i r  C.i e t  
r.:ainly frorr: the t\-70 y ouncest l e nve c o :u  t i l l ers . i l l oughby 
( 'i959 ) suc,t:;e st ed that und e r  c ond i t i ons of r educ ed av.:.i labil i  ty 

s e l ect ivity i s  prob ablJ7 re s tri c t ed , and c omponent s consumed 

in prop ort i on to t heir avai l ab i l i ty . �hi s pat t ern d o e s  not 

a�·� �;e A r  to occur here whe r e  even f ol' c l o s ely gra z e d  pu�turo 

cond i ti ons t he d e gree of s e l e c t i on vari e d  very l i t t l e  froo 
that obs erved under t a ll er paat ures . At aP..y one t ime tillers 
usua l ly had or1 e o r  two l e aves pre s ent where t he l i gul e had 
not ap p enred a nd t he s e  l e aves would be c apab l e  of expansion 
into the gra z i ng zone duri ng subs equent r e a t  peri od s a f t er 

grazi ng . Because only suc h  l e aves are c apable of expansi on 
thi s �ay have ma intained the select ivity o! such l eave s  on 

the c l o sely graz ed sward s . 
The ability of grazing she ep t o  s e l e c t  the y oungest 

l eave s  on a t i l l er and avoid t he older l eaves coul � a f f e c t  
the rat e of l o s s  o f  dry m�t t e r , from set-stocked swards , by 

death and decompo sit i on .  Gince leaves are generally ungrazed 
a£ter t hey reach po s i t i on ' ( the t hird younges t )  on the 

tiller most mat erial in t hi s posi t i on or l ower horizontally 
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i n  the sward will di e  and be l os t  to the grazing animal 

under s e t  s t oc ked c ondi t i ons . Thi s l o s s  c ould , on t he ba si s 
of t he resul t s of thi s s tudy , be occurin� s i mil urly und er 

s hort and l onger pa s ture c ond i t i ons . I t  is likely to b e  

acc e nt uat ed during s e a s o n �  when t he rate of l e af i n i t i at i on 

and l e af dea t h  i s  very hi t:n b e c a u s e  l e ave s  w i l l  reach 
pooi t i ons where gra z ing is unl i Ke l y  ( e . g . 3) more quickly . 

Defol i a t i on l- a t t ern of ;�omney and �erino 2heep . 

'rhe frecuenc,y and i n t e n s i ty of defo l i a t i on was rerr��rl'.ably 

simi l ar for the two breed s c ompared in t hi s  exp eri ment . �he 
p a t t ern o.r c hange during the exper i me nt appearo to fo l l ow c l o s ely 

t he ch�nciuG p�sture c ond i t i ons a s  frequency a nd s everi ty i nc r e a s e s , 

i nd i c a t i nt; thP t  in the r ange of avai l ab i l it i e s  and he i tjht s studied 
b o t h  breed s re spond sim i l ar ly in Era z i n� behavi our and re sul t ant 
defoli�t ion pa t t ern . An uneven a pp e a ra n c e  of the merino pa stures 
d � ri�� the ex?crinent �av � t ne i mpre s s i o n  that t h e  oerinoe �ay 
be grn z i !lt; t i l l e r s  l e s s  aeverelj• o r  l e s s  freQuently but apparent ly 

their effec t s  on t he ra uture are r Hth�r s i mi l a r to romney s . However 
it is not po s s ibl e from thi s s t udy tc sug� e s t  whe t her d i f f e re nt 
breeds wou l d  r e a c t  d i fferently und er o ther c ondi t i ons , such as ove r  

d i ff erent gra zing p eri ods , s t o ck i ng ra t e s  a nd t i m e s  of t he ye ar . 

�l t hou eh the frequency and i nt e n s i ty of d efol i a t i on of the two 
breeds is s i mi l o r t here a r e  i nd i c a t i on s  that the p a t t er n  of 

s e l e c t ivity may vary . The d i fferent a ged t i l l er s  wer e gra z ed i n  a 

d i fferent way by the romney sheep and tlerino s he ep . •:;he re t he 

romney she ep gra z ed the " o l d " or t al l e st t i l lers mor e frequently 

end s everely , the meri nos showed rather a reverse patt ern ; the 

"young " or shorter t i l l ers were gra z ed more s everely than the 

tal l er " o ld "  t i l l ers and t he frequenc i e s  of defol i H. t i on were s imi l ar .  

The pattern exhibi t ed by the r omney sheep ha e been sugge s t ed t o  

l argely resul t from t h e  hori z ontal gra z i ng proc e s s  with perhaps 
l ittl e evidenc e of sel e c t ion on a vert i cal pl ane . The pat t e rn of 

the meri no sheep sugge sts t hat s e l e c t i on on a vert i c al plane c ould 

st i l l  be appar ent for this breed even £or rel atively uni f orm 

pa stures . Short t i l ler s in the sward are graz ed clo ser to t he 

ground and no l e ss frequent ly than t all t i l l er s  immediat ely adj ac ent . 
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�hi s gre a t er s e l e c tivity by t he merino she ep i s  al s o  supported by 

a gre a t � r  s e l ect i on against t he older l e aves on the t i l l er s  t han 

was obs erved for romney shee p . 
Hart ( 1070) has pointed ou t 't lwt she ep hnv e  a v<!ry tl hort 

c onc ent r a t i o n  p e r i o-:1 for any p a r t i cul ::�r pl ant . �hi s x::e a n s  t hnt 
s e l e c t i v e  Gra z i ng c ould b e  l o r :.; e ly det ez·:.i ned by t he p hy si cal 
pro� l m i t y  c f  d e s i r ed a nd un� e s i r ed c o ffiponent s . l f  t hey ar e c l o s e  
t o g e t her t � e  t� a z i nz � be e ?  �ay onl y  huv e  t i me t o  g e t  t ne �re s t er 
part o! i t s  mouthful from the d e s i r ed c omponent . However -'.rnold 
: 1964) he. e f ound thd t w.':j,c r e  very s e l e c t i v e  �raz i np; on u v e!'ti c al 

plane i s  f o r c ed by a hi gh d e qd m8 t t er � ont ent o f  p a 6 t u re tne r a t e  

of b i t ing i s  �ra a t ly redu c ed wh i c h  ID 8y a l l ow the degr ee or lev d l  
of s e l e c t i on be tw e en c 0npone nt s t o  b e  i ncre d s ed . i f  f o r  s ome 

r e a a on the s A l e c t i on on a v e r t i c H l  pl � n e  in t he nerino breed i s  
he ight oned then t h e  f t:\ C i l i  t y  for d i  l:l tincui shi nr; betw e e n  desired 

and und e si red c olliponcn t s  �ay n l e o b e  i ncrea sed ; t hi n  woul d  al l ow 
youn(ier l e nv e .3 t o  b e  s el c� t ed m u .r �  : ) r e c i  !.> O ly in prefere n c e  t o  
o l d 9 r.· l e -: v e � ,  a s  VJ o r:,  ob se rv ed . 

Gr t :n t "?r s e l e c t i vi ty of �- e r i. no n i - r e : ' i s  e l se i n 1 i G : , t ed b�r t he 
p � t t ern o� � v o i d n nc o of herb asc ar nu �d dung p � l c n e 6 . �hi � �ay 
e 1 uu l ly r e pre s e n t  a l e a s er di s c r i rii i nht i un b�· t he ror:t11ey t .t'e ed , 
but t here i G  ne ev:i c e n c e  in t he l i  t erc: t\L r e  t u  SUL� t5 e st whicn may 
be t he en s e . I·: o i n c t ml C P. s  :...u.v c b e en ,; f u,ht ed nowever t h<.� t  . · uc15e s t ed 
tl:�p t �>h ne-J" d i d  net zrt�. z e  herbar;e a r ounci ·lung v e t u  i n  t h e  i'i c l d  
o l  t h0uc:h a short-t or:. avo t dnnc e of herb.'3 gH sr,e l l i nc o f  1·u c c e n  hu e 
been observed ( see e arl i e r  d i s c u s s i on ) . 1 revi ou s hi st ory � .rf e c t u  
s e l e c t ivi ty and i nt&t e of gra z i ng ru�ine nt s c � c Jl y�ont , 1�67 ) a nd 
t ui a  f a c t or may hsvo been i nvolved f or the two group s of sheep 
iu t hi s  study . 'l'he romney wether a had b een reared on the :. a s s ey 
U niver s i ty she e p  farms where pasture s  w e r e  mainly of wel l  managed 
i mproved s pe c i e a  and s el e c t i on b e tween components may never huv e 
b e en very imp or t a nt . H owev er the m erino we thers had been reared 
on fuarlborough hi l l  c ountry in the .jouth I sl and where the p M s ture s  
would c ompri se a greater proport i on o f  native �ra s s e s  and weed 
species (Beggs , 1962). In such an environment sel ec ti on between 
c omponent s i s  likely t o  be very marked ( Suckling , 1 964 ) . Thus 

the patt ern s under each breed may have been a carry-over from these 
earl ier environment s .  However select ivi ty betwe en t h e  merino and 
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romney breeds neods t o  be studi ed more c l o s ely under dif fer ent 

pa sture condi t i on a  t o  give a s a t i s f a c t ory expl a na t i on f or the 

.r e sul t s  o b s erved in t hi s  ;...x p eriment . 

'rhe ;te l a t i onship o f  Defo l i a t i on J.. att ern t o  Graz i ng Jehavi our 
and t i:w Gra z i :lE � :- o c G .s ;;  o i  . _ be ep . 

The i nfluenc e of grR z i ng b e havi our on the defo l i a t i on p n t t ern 
by grazin< ·: $:.o ep hn B r ec ent ly bnen empha s i z ed by Allden and 
' , hi  t t ak er ( _, 970 ) . '.L'he f i nd i no> in t he pre s e n t  G t udy support the se 

propo s<.1.l s nnd e speci t). l l ;y  t he i r  c Gnc lu s i ons " tlw.t the fre o uency and 

i nt en s i ty of re�oval of pl ant ca t e r i a l  rea che s i t s  hi Khc st ra t e  
whe n herbut�e i s  i n  sl1ort su pply u nd i s  a t  a minimum v:here t here ie  
nn abund anc e of he rbage . ,. .i1o\l. ev er t hi s  Btudy a l s o  s how s tha t oome 
CloJ i f i c a t i on s  may o c cur at very l o w  ava i l abi l it i e s ,  where the 

fre q ue nc;-/ and i n: e r: s i  ty m ay d e c l ine prob ably due t o  acla}J t ut i o n s  

e r  c:d j u :-.; tner: t s  i n  1�r a z i n� b e havi our a nd perhaps to chr,nGO B  in 
t �w 6I'0'.7t�l f orm of the pastur e . 

hi l e  ?:r a z inc l>d.nviour a nd d e fo l i a t i on p:t t t ern :-:::. r �  lJrobably 
c l o !-� e ly l i nked i -::; shoul d be refil i s ed th:1t the rf'! l a t i on ship o f  the s e  
two fac t ors t o  p < uture hei e;ht a nd av a i l abi lity may vary tl e!)ending 
par t i cul tlrly on thr:! density o f  p a s ture . Gn tY'.Ji c al f..u st ral i an 

p a s ture s  \ dwre mo.�t c:razint;; b e havi ou r  studi e s  have: b e e n  c arri ed out 
the sl�c <:.: p  ;"'.3:J s t urt t o  adai) t t he r a t e  of b i  t i ns and gra z i nt; t i me 

whi l e  ��-' nt .�r e s  ar e sti l l  qui t e  t a l l  ( see .:ng . I . 1 )  due to  t !la l ow 
densi ty . • ' n  more dense sward n , typical ot' l� ew �',e al and and the 
U ni t ed � i ncdom , the s i z e  of b i t e  i s  probably maint ai ned until lower 
hoichts are re ac hed . Ther efore the patt ern of defol i a t i on ,  in 
part i culGr frequancy , �ay start to a l ter at a gre a t er pasture height 

in l ow dens ity swards t han in hi gh den s i ty swards . The very hi gh 
frequency of defol i a t i on on the hi gh s tocked treatment during 

p eriod I prob ably r e su l t ed .from rapid changes in behaviour on a 

sward l ow i n  density , because of drought eff e c t s  over the preceding 

sulilii!er . 
The d e f o l i at i on patt ern ob s erved on the pres ent dense sward s  

indicates t he import anc e o f  grazing i n  a hori z on·t a l  pl ane o n  such 

pasture s .  The mean perc en tage of G . L . L . removed (ranging from 

22}6 t o  36;¥J) wa s such that c ompl ete defol i at i on of any t i l ler s at 
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a singl e gra. z ins rarely o c cur od . i tather pastures w e r o  gradu a l ly 
gra z ed �ore c l o �ely t o  the sround from t h e  t o p  o f  t he c a nopy and 
were not e n t en off at �r ound l eve l . 

· : hi l c  t he s he e p  �·;r-a z ed m a i nly in the hori z ont a l  d i re c t i on 
t h i t� d:i.d u 1: v � a r  t o  b e  i n  pa t c he s . Thi n p a t c h  effect , whi c h  i s  
probably t,y l) i c al of s h e e p  ( _ , t a pl et on , 1 948 ; ;,:orri s ,  1 t)69 ) , ':Ins 

e s pe c i ally � a r � od i n  t he e a r l y  s t a g e o  on t hu mer ino pl o t s  whe r o  
tho .. .  �.r:·a z ed a r e tl i) a ) v·· arod ;.J S  d s f l ni t e  i nde :1t a t i ons in t ha canopy 
( see i l at e  "+ ) . ·�·ne n.:ot t..od c .&.' l oc a t i on o! 6 cluitp s of t i l l cr·s 
randomly t o  each o f  1 0  trunuoc t s  l ocated randomly , Wb S not 

sui t a b l e  t u  d e t ac t  thi s pu t c t 1  gra z ing eff e c t  and so t he r e J � ons 

for the ti e l e c t i on of t L a s H  3i t e s  c ould n ut be r e l � t ed to t he 
::r.ea sured pa n t ur·e i u � t 0 r s . I t  i s  prob a b l e  tha t unf. er low s t oc king 
r a t e s  i t  i ;  the se i i t e s  t ha t  may be t �e ubj ect of c ont i nu e d  
e;ra z i n,;  v;hi l e  n.dj .:.. c ent un��ra 46 ed � r e a E  b t c ome !n o r e  rruik and 
llll 15. i., C c-;: t. a 'b l •.:: 8 �  vc cu r ed i n  t :-..� s t udy v:hi c h  l e d t o  t1w p r e s ont 
c c.. l::il� �A r i E c n of t h r:- t:;e.c i n v  � t1d. r orr,ne,y br e eJ. s . .In t h< .. t st1..1.d , ,  the 
... erino v. e r  e s t o c �  .. t::d at :;i2 she e p  /he c t ar e  ( com::o cired wit!-"i 4\... . 2 
/hect ar e  i n  th i c  s t udy) a nd th� ��r a z i n,;; period also extended t o  
the t i u� e o f  a c t i  v n  s 1;ri nt� brov. t h . 

£ .rnold ( 1 9 60 )  s t a t e s  the. t !3he e p  gra z e  on t �u� hu ri z on1;a.l 
p l anr: and :.? c l e � t  vr. the ver t i c al pl ane . . )e l e c t i cn n. r.> ;; e u.r· s t o  
o c c ur i !l t � l i s  s t udy v. hcre t he younr.-:; e o t  l eave c. o f  i ndi vi d ua l  t i l l er s  
t1rc p r e .t� e re n t l. :.J. l l,y � e l �J c t ed , but t hi n  m.By b e  influenced. by the 
d e n G ene G u  of tf: e s wurds and the i r  growth form . I'he meri nc, breed 
may exhib i t a g,ro a t t: r  s e l e c t iv i ty on u. verti cal plune i n  suc h  
p a s t ureu than t he romney b r e ed ( seo  previous section) . 
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sma:. ,\ Itl 

I n  t hi s  the s i s  the defc·l L.::t ion patt ern of eho ep was examined 
first at a medium and c hie;h s t ocking rate ( 36. 1 and 79 . ? sheep/ 
hectare) using ronncy sheep ru1d s e c ond b et�een the merino and 
ronmey b r eeds of sheep ( at 44.4 she ep/hec t are ) . Both experiment s 

were c onduc t ed o n  c o ck nf c nt ( ;actyli�  glomP.rn t;a _ _  ) sw:1rd s whe r e  
t he ava i l E� b i l i t y  o f  pM;ture dec : i n ed from hi gh l ovel s i ni t i <1 l l y  
1 500 to 2 jUO q;s/ht:c t ·��ro t -:,  l c·.:;or l evel s of 400 t o  1 000 i:r;s/hectare . 
'l1he 1<e i r·ht s of. p d l:l G U ! ' e  o .L n c ct e G l i n cd from 10 to 1;,  cm to '1 t o  2 c m .  
'l.'he .first OX?t: rL:.t ·r:t r,..;-u !:j c;�:..-·r i ell out i n  the au tuim s c rw o n  and the 
sec o nd in t he w i nt er � e u s on . 

�'he fre quenc:/ ar�d sev c 1'i ';::,· of dc .::· o l i n t i on of � l l  ti llers , 
and age c a ·t o u:ori e a ,  vm e  c o  .. J_• ,; r·ed . 

: i l l e r s  w e r e  ._i c f ol i ::.. ti •:: ,.l •: v \' r:: 7 dHJ H under t1w hl c;h s t; (1C t.ed 
tre 'lt'��ent , bu t t hP fr�� c :uenc�r ct ccl i ne d.  to ever� v . 'l d�1yn un-ler 
vcr:/ a hort p a Ht ure c onJ. i  t i o.n �; . U nd er the !1edi U.L'1 ;:� t o c .: c(i treatr.-1 ent 

'b o t·"·, o ,::; a  0ra z i ug t o  / .  7 d n�v- :::; ; 
w;:; s uot so s ev e r t: • 

..:he l cn,_. t h  o r' ·.J • --' • :.; . � ;:i;i�) r-e.:'10V �d ;e:c li i l l er a.t o. J. e l\)l i -l t i on 
UeCl i n ed 8. �"l t ne ht't l tr,ht an<.l 1../ o , · o , , . Ol t lle t i l lers UCC .l. i D.i..: d e ':.'he 
ue a n  1>e..:..·c ent.J.r;o o f  ' ; . � .  : , .  l"G '  tO VChl WHS }3 . .- on t l l\:; rr.ediUI!'l :::;t oGked 
t reat .. .  1� nt -<lnd 37 . ..  1:; n t}·te tll "_!l s t o ·..:V. ;d. t i' aB t rr.e nt . 2his u ercent age 
J i d not � :n n:;e s iL; ;l ·  f i c nnt ly w i t h  c h;J.:-it:e e  in t..1c hei ,.)·�t c:· the 
?a c tu.:� e . · ; n l er bot h t r r:· :'l- t ';,�Dt s new t i l J..e r .::: 1n·o.J.-.;..::: c .i  f] . ,J·ly in the 

e st ab l i �h�j t i l l er � , bu c c Jw t � l l � r s  �ro J �c e d  Jar i � �  t h �  later 

s t a .s e .:.;; of t :.�.o..; e>; pe r· ime:rt. v.�.n·u 6ra z ea l G  ...: s fre que n !i l;y· or:. the 
�ut: J i i.Ul.  s t uC t\ u d t r •J at :� e n t  .• n .:.. l o s u  3eve:rely on t : .Le hi ��" �:t o c i..:ed 
trea t:nent . .!J;y c ...:,nt ract .J" imn�..., er l e ave s ·,�.- e r e  pr· e .l erred ovor older 
le '' V e s  at a l l  t i iiles i n  'voth treatr:.;unt s . 

r eri no and rorJ.ney .; �r.: e p  br·az ed t i l l e r- �  wit l1 a v t.:ry !;;imilar 
frequency ar.d severity of d efc l i a -v i on . Jomnoy ;:)l c e !J gr:-1 z ed 
e At nbl i shed. t i l l er s  :;:.or e s e v e r ely t ll:i n ycun,_:; t i l l er s  whi l e  merino s 
gra z ed your.� ti l l er s  m o r e  �ever cly than e stab l i shed t i l l ers . 
:tor:mey sh.a e;J a l s o  graz ed e st ao l i s  1ed t i l l t! r s  r.:o re frequently than 
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young till ers but merino s gra z ed y oung t i l l er s  just  a a  fre quent ly 
as e stabli shed t i ll er s . � hen the pL stur e s  d e c l ined in hcisht 
e s t ab l i shed and n ew t i l lers were :;ra z ed. wi th similJr freque ncy 
and s everity • 

. � chal.'a c t eri '3 t i c  of the me rino :';ra z ed p .:.1ddock w a s  the 
devel opme nt of a dune patc21 g r t1 z i n.;:-; effoct t ;;';; i c R l  of d B iry 
pastur e o . '2hi s  ·· · s  n e t  o";; L� erveJ on t · �. f; r or:;.n< 1 ndd o ck . 

in det &r:lininr-; t rtC ci. ·� fol i a t i on p '-l. t t ern . :'1-:e s � f q c t or s  tof,cth('r 
1."ith t tl�· i nf l u e nc e  ·')J' ,_:·ro z i. o,.: b c f: ·,; v i our e n  t.:w def v l i u t i on 
pntt ern u r e  di scus o ed . 
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�969 
�ay 
�une 
�uly 
�August 
Sept . 
fact . 
!Nov. 
�ec . 

19?0 

�an. 
iFe'br. 
�arch 
}\pril 
Uay 
JJune 
July 
�ugust 
�ept . 

Meteorological Data for " Gra ssl ands " D . s . I • .: :� • •  .l:."lalmerston 1; orth . 

Uegn Uax . 
c 

14. 6  
1 1 . 6 

11 .0  
12 . 9  
16. 5 
15 . 5 
20 . 3  

I ?.2 . 8 I 
I I 
! 
i I 24 . 2  

?.2 . 8  I 

23 . 2 
19 . 0 
14 . 4  

I 1 3 . 2 
1 2 . 8  I 

I 

1 3 . 7 I 

1 5 . 3  

t emperature 
Meag !Iin. 

c 
kggn 

? . 9  1 1 . ,  
; . o  ? . 3 
; . o  ? . 0 

5 . 8  9 . 4 
8 . 1 12 . 3  
7 . 2  1 1 .4 

10 . 5  1 ) . 4  

1 3 . 7  18 . 3 
I I I 
i 
I 

14. 9  i 19 . 6 

1 3 . 1  18 . 0 
13 . 1  18. 1 
10. 6 14.8  

6. 0 10 .4 
5 · 3  9 . 3 
5 . 6 9 . 2 

5 . 5 9 . 6 
8 .0 1 1 . 6  

'-�atS �tbs ... .  .. . 
c 

20 . 0  

15 . ? 
1 3 . 9 

1 6 . 2  
20 .0  
19 . 1  
24 . 8  

28 . 2 

29 . 0 
2? .4 
29 . 0 
23 . 7  

21 . 6  
17 .4 
16.0 
18 .8 
20 . ?  

I I 

i 

�.�18 Ab :J . , centi-
� metres 

' 

0 .8 99 . 6 
-2 . 6 51 .8 
-2 . 2  39 . 1  

' 
-1 . 2  53 . 8 

3 · 0 32 . 8 

-1 . 6  37. 3  

2 . 2  33 . 2 

8 . 4 92 . 7 

8 . 5 2? . 4 

9 .0 8 . 9 
5 . 9  83 . 0 

:; . a 24 . 6 
-1 .4 98.0 
-0 . 6  119 . 6 
-1 . 1 1 14. 5 
-1 . 6  ?0 .4 

1 . 3  165 . 1 

rainfall 
No ot 30 yra avge 

d ays 1928-1960 

I 
I 14 88 . 9 

I 13 I 99 . 1 
10 ?8 . ? I I I 18 88 . 9 

I 1 1  73 . 7 

13  96. 5 
7 83 . 8 

1 3 83 . 8 

8 ?6. 2  

6 76. 2 

I 1 5  61 . 0  I I 1'1 53 .8 
I 

I 1L� 88 . 9 I 1 5  99 . 1 
I 1 6  78 . 7  
I 

1 3  88 . 9 

18 73 . 7 
i 



J;..P.P��NDI X ll 

Tabl e 1 . f>unnary of G b e ervation :Ja t e s  for r:xperiment I .  

-
High TrE a tiL.\lnt Low :::reatment 

-- -·- - -
Date of Ir.,terval Da t e  of Int erval 

Obs t!rva t i on ( d.ays )  Cbst3rva tion ( days )  

karoh :�1 <J o mmencemout of Exp e rine nt 
April 3 ; Apri l 4 4 

n 7 4 11 6 4 I 11 9 2 
" ·1 1 2 " �1 1 � ' 

I 1 1  13 2 " 14 3 : 
I 1 1  ·15 I 2 " 17 3 
I " ·18 2 

u ;�o 2 " 20 .. .? 
!I a2 2 " ' 2  '" .) 3 

- --
Mean I:o.t er.val Peri od I ;?. . 67 i'.�ean Int erval l"eriod ... 

3 . 3 ... 

Apri l .25 3 1\pril 27 4 
" 28 3 
" �0 2 .. 30 3 

!1.1ay 2 2 
" 5 3 May 4 4 

" 9 4 tt 7 3 
" 1 1  2 " 9 2 

" 1 3  4 - -
Mean I nt erval Period II 2 . ? Mean Interval Peri od II  3 . 0 



Table 2 .  

I 
I i 'lot : 
I 
I 

i 31 March 

! e  April 1 1 5  fl.pril 

23 Apri l 

30 April 
7 �, ay 

14 :..ay 

:l_able ? .A ,  

lot 

30 L"arch -
1 5  �pril 

15 .1l.pr1 1 -
�0 April 

30 t.pril -
14 May 

Avail ability Data ( Kgs/hectare ) 

�edium 

I 1 l 
+ I 

1723 - 1 19 . 9  ! 
I 

3963 : 1 19 . 6 

I 170 1  ! 1 55. 2  I I 
2700 ! 8'1 . 7 i 

2494 ! 2&3 . 7 
3101  t 174 . 7  

! 

884 ! 1 20 . 4 I ! 

+ 1473 -

271 1  ! 
1728 ! 
2462 + 

-

2448 + -

1'/85 
+ 
-

1019 ! 

I 

2 ! 1 

i + 
85 . 1 1 561 - ?8 . 5 

147 . 9 + 4640 . 9 - 1 60 . 6  
i 

1 3q . 5 1 1 385 ! 187 . 5 

169 . 3 I 1023 :!: 82 . 5  ! 966 :!: 238 . 3 1 59 . 3 I 

81 . 4 I 426 ! 69 . 9 
72 . 9  I �81 ! 5b . 7  

I 

Gror::th , ·,ate �r�t�sLbec tareLda;y) . 

r- .edium 

1 2 1 

I + 58 . 9 + 78 . 4  + 90 . 6 
I 

+ 40 . 2  + 27 . 8 + 32 - 3 

+ 6. 32 + 50 . 56 I - 4. ?4 I I 

High 

2 

I 1 386 ! 31 . 4  
2257 ! 245 . 1 

947 + 120 . 0 -

1267 
+ 109 . 8  -

1088 ! 1 18 . 3 
+ 1 3 . 5 I 457 -

I 336 ! 32 . 1 
I 

High 

I 
2 

i 
I 
I + 85 . 1 

I 
I + ?0 .8  
I 
I + 4 . ?0 
I 



r.L'able 3. ?lean ti l l er• and clump+ hei,�htis :1t e ach ob s erva t i on dat e . ( ems ) 

>!arch 3 1  _'\pril 8 1 1 . 1 4 .  

Plot 1 

��edium till er 5 . 82 a . :;o 6 . 37 G . 50 
Stocked clump 6.4 

I I-'lot 2 I 
ti ller 7 . 63  10 . 42 ! 7 . 05 G. 62 

I 
clump 7 . 2  I . • ' 

March ,31 Apri l 3 7 9 1 1  1 3  

Plot 1 

�igh �iller 5 .?2 6. 90 6. 70 :; . 60 2 . 62 1 . 87 
Stocked clump 6. 1 

Plot 2 

tiller 7. 63 ? . 47 p.73 4 . 03 2 . 85 2 . 5 3 
clump ? . 2  

• mean of 3 transecta 

+ mean o f  10 transec t s  

1'7 . I 20 . ! 23 . 27 . 30 . 
I 

I 
I , .. . 27 1 '� . 25 3 . 58 3 . 78 3 - 37 

l� . 9 I 
6 . 22 4 . 9) 4 . 42 :7 . 30 ) . 10 
G . :.; I 

' I 

1 5  I -18 I 20 22 25 I 28 
I I 
I I 

1 . 66 ., . 7B 1 . 65 1 . 32 1 . � 8 1 . 17 
I 

2 . 6 I I 
I ! 
I ! I 
i I 
I I 

!. ay 4 7 - 9 . 

2 . ?7 2 . 1 3  2 . 37 

2 . 45 2 . 2:; 2 . 00 

I 
! 

30 I J;•ay 2 5 9 
! 

1 . 27 1 . 30 1 . 1 3 1 . 07 

I I 

I 2 . 0) 2 . 1 8 1 2 . 1 3 1 . 7? 1 .43 1 1 . 32 1 . 30 1 . 18 1 . 03 1 . 1 3 

I : 2 . 1 
I 

' 
I I 

1 3 .  14. 

1 . 90 
2 .4  

2 . 08 
2 . 3 

1 1 14 

1 . 07 I I 
1 . 0  

1 . 00 

1 . 1  



Table 3 · A .  Mean Clump Height of Pasture (�) . 

Hi h St k d .�J oc e 
�lot 1 

�ransect 1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

30 March 

6 . 0  

6. 6 

3 . 8 

6. 6 

5 .4 

6. 8 

5 . 8  

6 . 2  

6. 6 

6. 8 

Medium Stocked 
!Plot 1 30 March 

r,rransect 1 5 . 2  

2 6 . 1 

3 7 . 8 

4 7 . 2  

5 6 . 8  

6 6 . 2  

7 6.2 

8 6 . 4  

9 5 . 2  

1 0  6. 6 

16 April 14 May Plot 2 1 30 r.:arch 

2 . 2  1 . 1  6. 6. 

2 . 8  1 . 3  6. 0 

1 . 8 o . 8  8 . 2  

2 . 8  1 . 2 a .o 
2 . 2  o . a  7 . 8  

2 . 2  1 . 0  6. 8 
2 . 0  

I 
1 . 0 6. 0 

2 . 6  0 . 9 a . o  
3 . 8  1 . 2  7 . 8 
2 . 8  1 . 0  7 . 0  

1 6  April 14 May Plot 2 ! 30 March 

4 . 8  2 . 2  s . o  

4 . 8  2 . 0 6. 2 

6 . 4  2 . 6 7 . 6  

4 . 6 2 . 4  6.4 

4 . 6 2 . 8 8 . 6  

3 . 6  2 . 4 6. 8 

5 . 2  2 . 4  9 . 0  

4 . 4 2 . 2 5 .8 

5 . 8  2 . 4  6. 8 

4 . 8  2 . 8 6.8 

1 6  April 14 May 
2 . 4  0 . 9 

2 . 2  1 . 1 

2 . 6  1 . 3  

3 . 4  1 . 5 

1 . 6  o . 8 

1 . 8 o . a  

1 .4 1 . 2  

1 . 4  1 . 0  

2 . 0  1 . 1 

1 . 8  1 . 1 

1 6 April 14 May 

6.4 2 . 2  

5 . 6  2 . 4  

8 . 0  2 . 6 

9 . 6  2 . 8 

8 . 6 2 . 8  

4 . 0  1 . 8 

6.4 2 . 0  

5 . 8  2 . 0  

4 . 4  1 . 7 

6. 0 2 . 4  



table 4. Tiller c.o�ta ( t1llers/m2 ) 

IMediWI Stocked 

�lot 1 c k •s , �  oc 8 - • .1!. .  

� March 5651 62� . 1  

�5 April 86?8 810 . 4  

12 Uq 12291 981 .4 

W,gh Stocked 

Plot 1 + Cocks -s . E. 
29 March 6640 6,39 • .3 
25 April 6395 623 . 5  

12 Uq ?436 998. 7  

.... 

oth <� + " E er upp -..:.> . • 

663 234 . 5  

1225 338. 4 

1683 237. 4 

Other Spp :ts . E . 
734 215.4 

1663 445 . 6  
3223 637 . 1 

D d + , .  ·� ea -..., • .c. . 

?55 20 1 . 5 

5�0 121 . 1 

92 42 . 9 

D d + , ... E ea -'-> . · •  

224 101 • .3 
490 128 . 0 

357 108. 1  

Table 5. Uprooted Tille£! ( number per m2 ) 

Medium Stocked 

Plot 1 ..Plot 2 

!Date Cocks . Other Spp . Dd. Cocks. Other Spp . Dd . 
�pril 

15 60.9 46. 0 9 . 1  62 . 3  52.4 10.4 
18 145. 0  54.8 16. 1 1 51 .4 29. 0 19 . 3 
21 180 .4 19. 3  25.8 83 .8 41 . 9  4 1 . 9  
25 261 . 0  71. 3 67. 7  180.4 38 .7 70. 9  
28 96. ? 19. 3  25.8 48. 3 1 19 . 2  ,S. 7 

� 58.0 64. 4  9 . 7  55 . 6 61 . 2  22 . 6  
4 116.0 70. 9 16. 1 80. 6 51 . 6  25 .8 
9 99. 9 38. ? 0 48 . 3  7( . 3  77 - �  

12 35.4 25. 8  0 9 . ? 51 . 6  0 

Plot 2 Cocks ts . E. Other Spp :ts . E .  Dead ts. E .  
5029 490.8 2581 288. 8  3 1  9 .4 

6170 690 .4 2468 531 . 9  428 10?.0 

9?10 1 12,3.4 4957 906.0 71 41 . 1  

Plot 2 Cocks :tn . E. Other Spp ts . E. Dead ts . E. 
4651 494. 7  2132 527 . 6  .326 107 . 9  

5814 860. 1 3397 617 . 7  347 98. ? 
6783 882. 5 4519 740. 5 0 -

High Stocked 

Plot 1 Plot 2 

Cock s .  Other Spp . Dd .  Cocks . Other Spp . Dd. 

3 . 8  2 . 0  6 . 7  16. 6 8 . 6  ,3 . 8  
32 .2 0 0 32 .0 25.8 0 
19. 3 3 . 2  0 32 . 0  12 . 9  0 
83.8 16.0 4 1 . 9  67.? 66.7 0 
?0. 9 9 . 7  12. 9  106. 3 70. 9  6.4 

45. 1 41 . 9 12 . 9  74. 1  ?0 . 9 6.4 
8,3.8 64 .4 9 . 7  1?7.2 148 . 2  25. 8  
5 1 . 6  48 . 3  35 .4 122 .4 154. ? 12 . 9  
??. 3 6.4 6.4 51 . 6  80. 6 0 



Table 6.  Grazins Times (houra/day) 

r.· edium Stocked High Gtocked 
Ho . rec ords hrs/day + ..� . E . N o .  records hrs/day + 0 . 1:: . - -

March 30-April 6 7 6. 8 0 . ? 1 14 ? . 1  0 . 62  
April ?-1 5  1 3  ? . ?  0.42 15 10 . 5 0 . 46 
April 15-24 6 8 . 6 0 . 46 16 10 . 1  0 . 46 
April 24-I .. :ay 2 16 9 . 1 0 . 32 19 9 . 1  0 . 29 
�ay 3-1 1  1? 9 . 5 0 . 4 1  14 9 . 8 0 . 33 



Table 2. Lo ss of Tiller Jecords . 

Medium ,3t ocked . 

I>lot 1 Peri od I reriod I I  
rl* ;· ,, B 0 H w :a 0 

Transect 1 - - - - 1 - - -

2 - - - - - - - -

3 - - 1 - - - - 1 

4 - - - - - - - -

5 1 - 1 1 - - - -

6 - 1 - - - - - -

7 - - 1 - - - - -

8 - - 1 - - - - -

9 - - 1 - - - - 1 

10 1 - - - - 1 - -

Hi_gh Stocked . 

Plot 1 Period I .Period I I  

:i , .. •I '3 0 rl w B 0 
fTransect 1 - 1 - 1 1 1 3 3 

2 - - - 2 - 1 3 2 

3 - - - - - - 1 -

4 - - - - 2 1 1 -

5 - - - 1 2 2 2 1 

6 1 1 1 1 2 3 2 -

? 2 2 1 2 1 3 2 1 
8 1 - 2 3 - 1 - 1 

9 - 1 - 1 1 1 - 2 

10 1 1 - 2 3 5 2 2 

i'lo t  2 

i.-'l o t  2 

• R • red , W • white , B • blue , o • orange 

?eri od I Peri od I I  
H 'l' tf B 0 H v.� B 0 

- - - - 1 - 1 -

- - 1 - - 1 - -

- - - 1 2 - 1 -

- - - - 1 1 - -

- - - - 1 - - -

- - - - - - - 1 
- - - - 2 1 - -

- - - - - - 1 1 
- - 1 - - - - -

- - - - - 1 - -

Period I I-eriod I I  
H llo  B 0 d w B 0 " 

1 1 - - 2 2 3 2 

2 2 1 1 4 1 - 1 

1 - - 2 2 1 2 1 
1 1 - 1 2 2 1 5 
- 1 1 - 1 1 - 1 
2 1 - - 4 1 1 -

- - - - 2 1 1 1 
- - 1 - 3 2 - 1 

1 - - 2 1 - - 2 

- - 1 - 1 - - 1 



Analysi s o! Vari anc e s  

pourc e  o£ Vari ation Gums of s quare s 
c orrec t ed 

Rep l i cation 0. 01  
Treatment 5? . 80 
Rep . x Tre . (E1) 0 . 62 
Transect 

Trans . x Tre . 

Trans . x Tre . 

Colour 

Col . x Tre . 

�rror 3 
�.>eriod 

�er. X Col . 

iF er. x ·rre . 

!Per . x �.rrans . 

W'er. x Trans . 
X Hep . 

!Error 4 

�otal 

Treatment 

2 . 69 
5 . 01 

X Rep . (E2) 24 . 81 
1 . 98 
0 . 40 

4?. 12 
14. 45 

1 . 92 
8.45 
6. 1 1  

x 'l're . 
8 . 35 

?9 . 22 

261 

liigh (80) > Medium ( 16) 

D . f .  

1 
1 
1 

9 
9 

18 
3 
3 

1 14 

1 
3 
1 
9 

9 
139 

319 

Perio4 Peri od II (64) > Period I ( 32) . 

Ptrig4 x Treatment L . S . D . • 27 ( 5�) 

Mean F .  P. 
S quare 

0 . 01 0. 02 N . S . 
5?. 80 92 . 23 • •  

0 . 62  
0 . 30 0 . 22 N . s . 
0. 56 0 .41  N . s . 
1 . 38 
0 . 66  1 . 61 N . s . 
0 . 13  0 . 32 N . G . 
0 .41 

14 .45 25. 35 • •  

0 . 64 1 . 12 N . s . 
8 . 45 14 . 83 • •  

0. 68 1 . 19 N . ;.:; . 

0 . 93 1 . 6:; � . 5 . 
0 . 57 

High - period II (54) > High - period I (26) 
low - period I (6) 
low - period II ( 10) 



Table 8.  Freouency of Defoliotion o£ all t i l le rs ( no .  defo liations /1) days) . 

Medium Stocked. 

.Per iod I .  ,.'eri od II . 

�ranaeet 1 2 3 4 5 6 7 8 9 10 1 2 
1 

5 I 6 7 8 9 3 4 i 
J 

! 
fPJ,ot 1 2.04• 1 . 52 2. 04 1 .86 1 .04 1 .91 1 .84 1 .89 1 . 1)2 1 . 78 1 . 98 1 . 86 2 . 14 

i 1 . 96 1 .93 2 . 14 2.02 2 .03 1 1 . 96 
I 
! 

!Plot 2 1.80 1 .8? 1 . 60 1 . 73 1 . 52 2 . 04 1 . 87 1 .49 2 . 07 2 . 27 2 . 56 2. 11  1 . 78 2. 14 1 . 34 1 .79 1 .74 2 . 2 1  1 . 85 

IR'i �h Stocked . 

Plot 1 2.82 3 - 30 2 . 76 2 . '70 3 . 00 3. 1<) 2 . 97 3 . 19 2 . 98 2 .98 � 9"') 2. 39 I 1 . 94 2.2? 2. 12 1 . 8? 2. 26 , . 4;;. 1 .88 1 1 . 62 
I 

Plot 2 3 -09 3 . 29 2 . ?6 3 . 02 3.02 2.91 3. 0<) 3 - 31 2 . 98 2 . 76 1 . 64  2. }4 2 . 06 2 . 09 2 . 00 2 . 25 2. 3? 2 . 60  2 . 51 

• Each .f'igure derived by cal cu l R c i ng t he moan frequency of t i l ler s (wi t hi n a clu::np) having compl eted 
records throughout the exp�riment . Because o.f lost t il l cro n o  e s t i mat e s  c ou ld lHl m3de for some 

clumps so transect means were calculated from clump Qen ns . Clump mean s were calcu l ated w t�re 2 or 

more completed til ler records were present . 

10 ! 
: 

1 . 96 

1 .80 

2 . 56 

2 . 58 



;\ nalya is of Vari anc e  

Sourco of Variation �.)UmB of square s D . t .  
c o rrect ed 

HeplicH t ion o . 009 1 
rreataant 9 . 173 1 
. :tep . X 2-i·e • L 1  0 . 119 1 

:(ransoct 0 . 645 9 
·.:'rans . X .i.'.o."e . o . aGO 9 

, .., r ana . X ..top . 0 . )10 9 

1: e an  s quare 

o .  •009 
� . 173 
0 . 1 1') 

0.072 
0. 096 

o . o, 

F . 

0 . 1 

?7 . 1 

1 . 2 

1 . 6  
c . ;, 

P . 

N . s . 
l� . s . 

t\T ("t .!.i • •.• • 

N . S . 
N . r: . 

. ,  J.. r 1ns . X �re . X :tep . }:;2 0 . 510 9 u . o6 
:-eriod 
. .)a.r • X i.'re • 

. o r . X :.'rans . 
·.rro r 3 

�.'ut a.l 

.:�eriod . 

l e ri od :.< Treu.t�ent .  

2 . 646 
4 . 585 
0 . 167 
1 . 518 

20. 633 

Period I 
J.. 'e riod. I I  

peri o d  I 

L • . : .. .  D . 

1 

1 
9 

29 

79 

2 . 43 
2 . 06 

peri od II . 

• C . 1 14 ()A. ) 

2 . 646 1 39 . 3  
4 . 585 2L�1 . 3 
0 . 019 1 . 0 

0 . 019 

High period I ( 3 . 01 )  High period I I  (2 . 16) 

• • •  

• * *  

I� • i� . 

�ow period I ( 1 . 85) and I I  ( 1 . 96: 
High pe riod II (2 . 16) Low period I E.Anc.l II 

1'ranaect x Treatment x }JlEt . 
Using unc� ' £ � ult iple Range Test . 
High plot 2 transect 2 (2 .82) transect 3 (2 .41) 

transect 4 ( 2 . 56) 
J.!edium plot 2 transect 1 (2. 18) , tran sect 10 (2 .05) 

transect 5 ( 1 .43 )  



Table 9, Frequency of defoliation of individual tillers �1th rec ords 
c ompl ete du ring .:?er1ods I and I I  (mean no . defoliati ons 

per 15 days) . 

'-Ledium ::;tacked • . 
.4?ransect 1 2 , 4 5 6 7 8 9 10 

�lock 1 2 . 12 1 . 8 1 I 2 . 1� 2 . 1 2 2 . 12  2 . 05 1 . 98 2 . 12 2 . 09 2 . 05 

!Block 2 2 . �3 2 .23 1 . 98 1 . 98 1 . 64  2 . 16 1 . 9 1  2 . 02 � . 02 2 . 1 9 

Hi h St k d ,p:J oc e • 

�lock 1 2 . 74 2 . 99 2. 59 2 . 52 2 . 85 2 . 77 2 . ?4 2 . ?0 2 . 74 2 . 96 

tBlock 2 2 . 63 2 . 55 2 . GG 2 . 70 2 . 74 2 . 99 2 . 8e 2 . 74 2 . CJ2 2 . 6G 



Sourc e of variation 

Repl i ca ti on 
Trea tn:.ent 
Rep . X rre . (E1 ) 
Transect 
1'rans . x I're . 
� rans . x �1ep . 
� ·-2 

!i'otal 

T reatntent . 

Analysis o.t Variance 

Gums of squares D . £ .  l.:oan square 
corrected 

o.o 1 0 
4 . 95 1 4 . 95 
0.01 1 0 . 0 1  
0 . 06 9 0 .01  
0 . 27 9 0 . 03 
0. 1 3  ') 0 . 0 1 
0 . 32 9 0.04 

5. 75 ' 39 

red ium (2 . 0f) . 

F .  

4 . 95 

0 . 25 
0. 75 
0 . 25 

P. 

N . G . 
• 

11 . "; . 
r· , .� e v .  
.. ,.. -. 

H e ....> e 



Table 10. 

, ·:rransect 1 
2 
' 
4 
5 
6 
7 

8 
9 

10 

Freguenc:r of Dtfol inti on of "Old " and "I oHPfi" S'iller! 

duriqs 2eriod I (no, defo liati ons /12 daY!) . 

Medium �it o cked !i1gh S t ockud. 

Old Younf; Old Yount_� 

1 .89 1 . 83 ; . 52  2 . 86 
1 . 87 2 . 48  2 . 25 ;: .lJ.1 
1 . 70 1 . 79 2 . 'd7 2 . 9� 
1 .70 2 . 22 ; . 15 ; . 2Lv 
1 . 63 1 . 83 ; . 10 �· · 5;, 
2 . 2B 1 . 96 , . 13 � . 14 
2 . 02 1 . '70 � . 46 2 . 86 
·1 . 57 1 . 70 ; . 'H> 3 .41 
2 . 22 1 . 71 ; . 26 2 .?3 
2 . 1 5  2 . ·4-8 2 . 92 :; . oo  

An.alysio of V arianc e . 

Source of va.t'i ati on 1 dUits o£ aquare 8  . n . r .  I.tean square, F .  .i. • 

Heplioation 

T.re atmeut 
Rep . x Tre . 
Category 

Cat . X Rep . 

Cat . x ·.rre . 
Cat . X 'l're .  

Total 

' 
i 

(E1 ) 

X R ,.. I ep. l:.2 J 

corrected 
0 . 27  

1 } . 85 
1 .21 
0 . 01 
1 . 65 

0 . 35 
2.81 

20. 15 

9 o. o3 
1 1;> . 85 
9 0 . 13 
1 0 . 0 1  

9 0 . 18 
" 0 . 35 
9 o . ;o 

. 39 

0 . 2:; 
106. 5 
I 

' o . o; • 

6 . 00  
1 . 1? 

'f "  .... .... .  i::) . 
... . .  

. .  -� � · . ;:-., . 
., 

1� . 3 . 



Table 1 1 ,  Frtauency of Defoliation of "Old", "Young" and ''Younge st " 

Tillers during peri od I I  ( no. defoliations /15 days ) . 

Medium :�t ocked High Stocked 

Old Young Youngest Old Young Youngest 

Transect 1 2 . 55 3. 15 1 . 50 1 . ?8 1 .84 1 .84 
2 2 . 55 2 . 10 1 , 13 2 . 53 2 . 76 2 . 3? 
3 2 .25 2. 10 1 . 35 2 . 21 2 , 10 2 .89 
4 2 . 63 1 . 95 2 . 19 2.45 2 . 68  1 . ?8 
5 1 . 80 1 . 50 0. 94 2. 25 1 , ?8 2. 1? 
6 2 . 18 2 . 06 0 . 94 2. 53 2 . 53 2 . 3? 

7 2 . 40 1 .95 1 . 3 1  2 . 53 1 , 16 1 . ?8 
8 2 . 15 2 . 06 1 , 88 2 . 53 2 . 96 3 .43 
9 1 , 80 2. 50 2 .25 2 . 53 3 . 55 2 . 1? 

10 2. 10 2.40 0 .?5 2 . 53 3 . 16 2 .89 

Analysis of Variance 

Source of vari ation Sums of Squares D . t .  .Mean Square F .  ? . 
( corrected ) 

Hepl i cation 3 . 15 9 3 . 15 0. 9? N . s . 
Treatment 3 . 11 1 3 . 11  I 7 e 9? • 

Rep. x Tre . (E1) 3 - 52 9 0 . 39 
Categories 2. 32 2 1 . 16 I 9. 6? • •  

Cat .  X Rep. 3 . 62 18 0.20 I 1 , 62  N • .S . 
Cat . x Tre . 2. 34 2 1 , 1? 9.?5 • •  

Cat . x Tre .  X Rep , (E2) 2 . 22 18 0 , 12 

Total 20.28 59 

C&teggrieg L . s . n .  • 0 . 31 ( 1%) 
Old (2. 31 )  and Young (2 . 32) Youngest ( 1 . 90) .  

Qategor1ea x Treatm!Q$ L.s . n .  • 1 . 03 (�) 
High - young (2.45) low youngest ( 1 ,42) . 



Table 13. S everity o£ De£oli ation (mm removed per defol i at i on and 
% removed per defoliati on) . 

Medium St ocked . 
Peri od I 

I reasured di£ference Correction* mm G . L . L . 1 %  G . L . L . 
in G . L. L . removed removed 

B.pril 8-1 1  1 3 . 3 5 1 . 1 1 14 . 46 41 . 3  
1 1-14 1 0 . 1 5  1 . 89 12 . 04 43 . 0  
14- 17 8 . 82 1 . 00 9 . 82 43 . 4  
17-20 4 . 3 1 1 . 00 5 . 3 1  30 . 3  
20-23 3 - 55 0 . 1 5 3 . 70 24 . 8  

Period I I  
�pril 2 3-27 1 . 12 2 . 80 3 . 92 29 . 3  
�pril 27-May 1 3 . 59 0 . 68  4 . 27 3 1 . 0  
May 1- 4 2 . 52 0 . 60 3 . 12 29 . 5 
I .14- 7 3 . 02 0 . 90 3 . 92 38 . ? ; 

?- 9 1 . 46 o .  '1 0  1 . 56 1 8 . 3 
I 9-12 2 . 61 0 . 60 3 . 2 1 36 . -5 I 
fiigh .3t o cked . 
feri o i I 
�arch 30-April 3 4 . 25 1 . 92 6 . 17 32 . 0 
�pril 3- 7 5 . 61 3 . 29 8 . 90 41 . 8  

7- 9 6 . 25 0 6 . 25 34. 0  
9-1 1 4 . 54 0 4 . 54 34 . 9  

1 1 - 1 3  3 . 32 0 3 - 32 3 6 . 4  
1 3- 1 5  1 . 92 0 1 . 92 29 . 7 
1 5-18 0 . 3 1 1 . 46 1 . 77 35 . 2 
18-��0 1 . 67 0 . 18 1 . 85 30 . 8  
20-;:!2 2 . 06 0 . 96 3 . 02 57 . 2  

!Period II 
�pril 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  

�pril 30-May 2 1 . 52 0 . 66 2 . 18 39 . 1  
�ay 2- 5 1 . 71 0 . 30 2 . 01 38 . 6  

5- 9 0 . 97 o .  '10 1 . 07 23 . 9  
9-1 1  0 . 89 0 . 40  1 . 29 28 . ?  

• Mean increase in G . L . L .  o£ ungrazed tillers over obs ervati on interval . 

I 

I 
I 

I I 
I 



ri.nal;y�;;is of '{ ari ance (mm removed) 

Sour c e  o f  V ari s t i on Sums of ::: Gu are s D • .f' • :.�ean 
corr e c t ed Squar13 -

1'reatme nt 4-�� 3£3 1 4838 
��eri od (, _ ,? ... )•: ) 1 6675 
�·re X , e r .  L���� 5 1 4005 
�.E:rror 12 �:; 53 2 3  570 . �j9 

--
'l'ot al 2-.�0'1 1 .:-�6 

•rreatrr.on t . : ed i u!'1 ( 53 . 3& ) > , i gh ( 31 . '14) 

F·eriod . f- c ri cc l ( 58 . 54 ) > ; e r i o .! I J  ( 2Lt . 68)  

'..�.reat�ent x 1 ·e riod . 1 .. . . . . . J .  "" 27 . 48 ( 5. •) 

� 
;,.• . 

8 . 48 
4 1 . 7J 

7 . 02 

D 
' . 

• •  

... fl 

... 

r�:edium 1 eri od I r L�1 . 4Lt ) > r:i cll . e r icd l , 4 1 . )3 ) , :iigh 
fe riod l l  ( 17 . 23) , i e d i um r er i od I I  

( -; ·• '.%.3 ' j) e _; ) •  
:-�ir_:t - � ri od I (41 . 03 ) > : : igL l'e r i od I I  ( 17 . 2d)  

'i'herefore r·.e ..liu: . .  ,i , ·;r. ific ; .r:tl· �;rc ;J t c r  t ! � ·  !':. .:i �_i!! t r P !  t � f' T�t ' ' u r i ne· 
period I but not d urinv period � -.J.. l e 

-----
Sourc e c f  ·r ' l  .::.-i n  t i o n  t.:.. u :.s of ;:; r.u P. re s ) . f . !-'e £m o .ta:-e F . 

cor·re c t ed - -
�rea t:-·ent 76 1 76 1 . 04 
:Period 42 1 42 0 . 57 
�re . X ... e t"' .  56 1 56 0 . 77 

�rror 1683 23 73 . 2 

�otal 1857 26 

• '  
# • 

f.' • 
... ' • � J • 

N . S . 
1·1 . G . 



.. A-.P .... P...,E.-.N-.D-.IX.,.. ill• 

Tabl e 1 .  f:ummacy of Cbserva. t i on :Jat e s  for "Sxpflriment I I .  

Homney 
Dat e o f  
O b e e r,,a t i on 

l i�t � rve. l 
(days) 

W eri.no 
0atE of 
C b se rvat ion 

I nt erval 
(days) 

J u l y 1 Co nmenc errf:Hl 1 o f  7.xpe ri ment 
3 2 J u l y  3 2 
7 4 7 4 

1 0 3 1 0 3 
1 3  3 1 3  3 

Off for 1 6th due to wet conditions 
1 7 3 1 ? 3 
20 3 20 3 
23 3 23 3 
25 2 25 2 

� e a n  l nt erv al 2., 9  days � e a� I n t e rval 2 . 9 days 
-

August 1 

3 2 

6 3 

8 2 J .U[;US t 7 
1 0 2 1 0  3 

1 3  3 1 3  7. 
./ 

1 5  2 1 5  2 

1 8  3 1 8  3 
21 3 21 3 

24 3 
26 2 

1-.. e an Interval 2 .  5 days �ean I n t e rval 2 . ?  days 
- -



Table 2 .  Availability Data. 

Homney 

(Kgs/hectare ) . 

�ate Mean + { '  ., - c • ...!, . ot Mean Mean 

�une 29 2275 156.4 2395 
�uly 7 1 740 100 . 0 2095 

17 1 563 1 10 . 0 1888 
24 1344 83 . 0 1 536 

31 1 367 1 9 . 4  1736 
!August 7 1048 110 . 1  1 365 

14 933 144 . 7  1279 

26 925 

Merino 

+ ,. "-:' - 1..) • ..:.... . of .Me an 

127 . 8 
187 . 0 

98 . 7 

1 10 . 0  

1 32 .4 

169.4 
139 . 2 

90 . 1 



Table 3. 

. {onney . 
�rtillStH.: t  

8lunp 1 
") '-

3 
'+ 
r-

j 
6 

e an 

J'·erino . 
�lump 1 

"' � 

3 
4 
5 
6 

. e an 

Frenuency of Je f o l i uti on ( �ann no . defoliat ions per 

15 days ) . 

: e r i od I • 

1 ' 3 ·+ t_ 

1 .  50 . 1 .  � :J  1 . ,j() "1 . �0 
'1 5'"' • v 8 . 7 )  1 . ;-J ,.. 

• 65 
... r: ,. . :; ..:  :-; . ')0 .., . ') � c . r:Jo 
1 . )�) (� . '10 1 '){) . ..  _._ '1 I") C  • -· ::;> 
_. .J -• / / 1 .  ')0 �� . !�0 1 . 30 
1 . 30 -1 . 65 1 . 35 1 . y ) 

1 . v7 1 . 23 1 . '70 ,., . )8 

1 e ri od 1 • 

2 . 70 2 . 40 1 . 00 u . o  
1 . 80 "! . 50 1 . 50 8 . 60 
0 . 75 1 . 6) 0 . 75 � . 20 
1 . 50 2 . 2) 1 . 95 1 . 50 
'"'I '"'IC c. . <- :;> 2 . 25 1 . 50 1 . 05 
2 . 2 5  1 . 95 1 . 35 1 - · -• .? /  
1 . 0o 2 . 00 '1 . l�B 0 . 95 

5 

1 . 05 
1 . )0 
1 . 80 
·'! . [)5 
1 . 05 
1 . 65 

1 . ll-5 

1 . ? 7 
1 . G:J 
,. ,..., r-

! • ';i ;; 
1 .05 
1 . 50 
1 . 20 

1 . 45 

6 

2 . 10 
2 . 40 
.., Z. r· 

• " }  

2 . 1 0 
1 . )0 
1 . 65 

1 . 85 

1 • . 20 
2 . 10 
2 . +O 
o . �0 
0 . 50 
1 . 35 

1 . 33 

7 

'1 . �):; 
'1 .  5') 
v .  l() 
2 . 70 
.., -.: 5  . _.�  

"'� . -30 

1 . 70 

1. 05 
1 • .20 
1 . 50 
.., . 20 
1 . 65 
0 . 60 

1 . 20 

d 

1 .  ()l) 
"' . 65 
A � r· 

. • v :; 
1 .  ''1 ) 
2 . ::. 5 
1 ''I t• 

..:. . c. :; 

4 . 98 

1 . 20 
1 . 65 
...., -. -I • C: ll  

':; . 0 
0 . 1.)0 
1 . 20 

1 . 03 

9 

<� . L�Q 
'i . 50 
1 . :;o 
1 . 05 
1 . 9 5 
1 . 30 

1 . 70 

1 • .::>0 
1 . 65 
... ..... �-' . 0.) 
1 . 80 
0 . 6(1 
'� . 20 

1 . 40 

10 

2 . 10 
1 . 30 
'1 • 6 5 
1 . 6:) 
1 . 90 
0 . 90 

.., . 67 

0 . 90 
1 o 50 
1 . 65 
0 . 75 
1 . 05 
v e45 

1 . 05 

• Each fi gure calculated a s  mean of records of 4 tillers 

wi thin a c lump . 



Table ;. (cont ' d) 

Jomney. •.)erio:i I I . 
?ranuect A 2 3 4 I 

.:; lump 1 2 . 33 2 . 69 0 . 90 1 . C2 
2 2 . 3 �·  2 . �; 3 1 . BO 1 . G2 
3 , . 62 , , - o  .; . .... , J 1 . )7 "' ' 9  c:: . o 

4 ? . 33 A ·�l7 . .  .,�: 1 . 62 2 . 33 
5 1 . C� 1 . 25 1 . 80 1 ''7 . / 

b 1 .43 2 . 51 2 . 1 5 2 . 5"1 

.. een 1 . 94 2 . 24 1 .  '11 2 . 1 2 

--

5 
2 . 87 
"' . l� 3 
1 . 07 
:? • 4 5 
1 . 8C 
.., .. � I • "-T ../ 

.., 79 I • . 

,.. 0 

3 . 23 
2 . 69 
2 . 6') 
2 . .... 5 
1 . 97 
") {' 0 c • • O j  

2 . 57 

7 
3 . 2? 
.., ') {-• ( .. ;J 
1 .  �tl 
..., .... .., r- . ::; , 
2 ' ' '? • ') 
2 . 3 3  

2 . 36 

� ( ..... 

1 . 62 
"'! . 2:) 
2 . 1 5 
" . 60 
·" • l 7 .J . � . .; }  

�·) A ,  . 
c .  • ::>  

2 . 03 

9 10 
1 . 97 2 . 3 3 
1 . 97 1 . 80 
2 . 1 5  3 . 40 
1 . 80 2 . 1 5  
1 . .. 

. . \:)� 2 . 69 
') � :;:  (._ . · "  .;1 1 . 00 

., • ')7 2 . 36 

. crino . J ·cri od I I . 

2 
3 
4 
� 
G 

2 . 2 )  

) . 00 0 . 7l) 
.., • A 

. _/ .. ) 
_,. ...., ') • I C.- 1 ' 7  .., , . ., 

• _, • ... ,J ( 

"' . :.;.2 
/' � '.) . /'-

1 ;) "l 1 "'7 1 OL• 2 1 3  '> r:;O '1 -1 r:  '? '? t:: 1 r e: .., 47 1 r. 7  • ,�u • .J • .1 � • .::. • ./ c... • . :; .._ • '- :;:> , • :>n • • :;:> 



Analysis of V ari ance 
.. 

:3ource of V ari A t i on �UL'lS of Sc;uure s :) • f .  Ttean ;.! • 
, .. •" - . 

c orrec ted 0quare -
��re atment 3 . 20 1 3 . 20 3 . 73 ;� . ;:, . 

i'rans e c t  .:? . 65 9 0 . 2r) o .  ,,� \• ... . .  1o. .i . 

1re X :i.'r .'1. :l S  ( . : ') ) 7 . 71 9 O . S G  
Clump �� . (J� 5 0 . 1 � 0 . 34 . . .  ;) . 

Clu X 'l're '1 1 0 . 60 45 0 . 24 C . l•3 • �..J • •'- . rn . 

�L--rror ..... --: , ; . 8 1 � r· � 
:;u 0 . 3B 

�)eriod 1 5 . 72 1 1 ) . 72 G 1 . G5 * • +  

� er X .::.,.i'e 0 . 07 1 O . C7 0 . 27 ' ( ' 
,t I . ... _: . 

!I' er X .::rR 4 . 67 ') o . )�? : . J;; t 

)er X vlu . 0 . 61 5 0 . 12 0 . 47 ' .  " 
t.'• • '-.,l e 

?er X ·�re X 7ra . 3 . 6r/ 9 0 . 4 1 1 . G1 · �  ., 
.l � .  � .  

!Error' 3 2l� . 27 95 0 . 2 (. 

i'ot al 50 . 0 1 23) 

i ·e ci od I I  ( 2 . 02 ) j· e.L · iod I ( 1 .43 ) 



Table 4 . 

.R.omney . 

Transect 

Cld 

Young 

Old 
Young 

:Merino . 

0ld 

Youne 

Old 
Young 

Frequency of Defoliati on of "Old" and " Young" Tillers 

(so .  de£oliations /15 d�ys ) • 

.i?eriQd r • 

1 2 3 4 

1 . 86 1 . GG "1 . 36 1 . i:5 ) 

1 . 44 1 . 1 3 1 . 5b G . <;A 
Feri od T T J. .... .  

1 . 9 1 2 . 18 1 . GO 2 . 30 

1 . 63 1 . 92 1 . �2 1 . 42 

Period r .  

2 . 00 2 . 24 1 . 51 1 . 1 2 

... 7 . • (.1 1 . 69 1 . 69 o . o3 

reriod ll . 

1 C;7 • ;J 1 .<)7 2 . 10 ') ,'7 <- • G.. 

'1 . 65 2 . 03 1 . 50 1 . 73 

5 6 7 

1 . ?) 2 . 03 1 . 39 

0 . 6 1 1 . 06 o.cl1 

1 . 72 2 . :;)0 2 . 30 

1 . ')2 2 . 2'/ 2 . 34 

'i . 72 '1 .  �,0 1 . 3? 
1 . 69 1 . 69 1 . 1 3 

2 . 35 2 . 27 1 . 76 

2 . 78 1 . 88 0 . 9B 

8 

2 . �4 
1 . 56 

2 . 13 

1 . 42 

n . )8 
1 . 38 

2 • .:)0 
2 . 10 

9 

1 . 75 
1 . b'7 

.-1 • ' · "  ' .  ) 'j 
1 . 78 

1 .  :Jd 

0 . 04 

'1 . 34 
1 .88 

10 

"1 . 75 
1 . '15 

2 . 42 
1 .99 

1 . "1 6 
0 . 94 

1 . 68 

1 . 35 



Analysi s  o f  Vari ance . 

0ource of Variation [.;ums of :� quar e s  D .  f .  t:e an  �,, . ' 
- . .... . 

corrected �.:quare 
-

Trc o.tt:cmt 0 . 2? 1 0 . 2? 0 . 96 t . ,  ' " • -.) • 

l'rons e c t  1 . 09 9 0 . 12 0 . 43 . ,  " 
: ., . .._) . 

.rre X ..:� ra ( I: 1 i .2 . )5 9 0 . 28 
Category "i . )j ... 1 . 5:;. 1(1 38 • •  

' . .  

Cat X -�·re . 1.. . 2 1 1 0 . 2'7 � . 38 ' 1 . :; . 
v at X ·.·re A. <ep . ( :·:.2 )  1 . 40 18 o . oa 
Period 3 . 74 1 3 . 74 1 7 . 8 • •  

:Per X . ;c. t . 0 . 17 1 0 . 17 o . a 1 . .  � .:..1 .  1 .) . 

:-�er X . ; a t  X J.' re . 0 . 25 1 0 . 25 1 . 10 lJ . 0 • 

Error 3 ? . 9 37 0. 21 

Total 1'1 . 16 7') 
- · 



Table 5 .  . �everity of D e fo l i ati on . (rmn renoved pe r d cfol i �t i on nnd 
e remov ed per de.foli at i on; . 

Romney . ?eriod I .  
•.. easured di ff {.i!rence 

�uly 3 - 7 
7 -10 

10- .. �� 
13 -17 
17 -20 
20 -23 
23 -25 

i::e:ri od ::L . 
August 1 - 3 

:; - 6 
6 - 8 
8 -1J 

1 3  -15  
""�  - 1 S  
1 b  -2 1 

A�erino . .?eri od I . 

4 !"' .. ' 
.n J e  �.; • ... • 

:i . 08 
? . b() 
2 . 1'7 
G. 25 
7 . 50 
4 . 50 
5 . 00 

0 . 25 

2 . 14 

2 . 0 "'� 
0 . 10 

,;orre c t i on'- rura ... . ...... . ..... . 

0 
2 . 0 
0 
0 
0 . 20 

0 . 20 
(,t . 90 
c . 1 5  
0 . 62 
C . G3 

rer; oved 

2 . 17 

'i . ;>o 
L}- . 5{,) 
) . 20 

'+ . 75 
2 . 05 
:; . o2 
4 . y.:) 

' .  r 
;'1) � • ..;..... • .4.) .  ro::-ovod 

2C . L�4 
2:.3 . 25 

2J . 1 1  
20 . 57 
24 . 04 

22 . ?0 
36 . 28 
43 . 45 
2 5 . & 1 

2 1 . 00 

�------------------------------------�------------+---------��------� 
July 7 -10 

10 - 1 3  
"1 3  - 1 7  
1 7  -20 
20 -23 
23 -25 

j!eriou � I . 
August 6 -10 

10 -1 3 
1 3  -15  
15 -18 
18  -21 
21 -24 

5 . ')0 
5 . 19 

2 . 12 

2 . 60 
1 . 82 
2 . 91 

0 

:; . oo 
0 . 1d 
1 . 00 
0 

o.:;6 
0.45 
0 . 62 
0 . ()3 
0. 90 
0 . 10 

4 . 61 
? . 26 

� . 37 
7 . fJ3 
;, . 04  

2. 48 
2 . 98 
4 . 21 
2 . 53 
2 . 72 
:; . 01 

1 3 . 56 

22 . 86 
2'.5 . 68  
16.49 
30 . 69 
20 . 5<) 

21 . 55 
26. 66 
39 . 79 
26 . 74 
30 . 94 
42 . 28 

• Mean increase i n  G .  _· • • l. . ot ungraz ed tillers over obs ervati on int erval . 



bource of Variation 

Treatment 
Peri od 
l're x ... er . 

;�rror 

?ot al 

Analysis of Varianc e ( a) mm G . L . L . removed/de!oliatiop 

Sums of Square s 
corr e ct ed 

14 

1)')63 
20 

:��? ?>94 

;) . f .  Mean 
::quare 

1 14 
1 5963 
1 20 

22 14?2 

Ji' .  

0 . 01 
6. 09 
0 . 0 1  

l .  

N . 3 . 
• 

f ; '\  .l t . \.J . 

�---------------------�-----------------·�------�--------� ·-----��------------� 

,.>eri od I ( ·- �  r J '  bo . ou ) > Peri od I l  ( 2� . j 3 )  ( O . U5 ) . 

-

�>our c e  o �  V ar i a t i on .�urns of :;. qua r � s  
, .. O !'ref! t ed 

�rea t :: r: nt 4 
Feriod 2)7 
'I' re X : e l" • 29 
!�rro r 1 0�6 

-· r--· 
:'ot al 1 3f·G 

, e l'iod 1. ::: ( ;>o . uc, ) > �:eri ocl .1.. (2) . '-t2 )  

(b)%G • ..., • .. _. .  r e mc o<l pt�r 
d e J..' .Jl i otl n . 

:.; . r . 8 3 �1 ' '  
• 

�; r;U::t T'C 

1 4 C) .  Q,j  
1 297 6 . j 1 
1 29 0 . 62 

22 47 . 09 

25 

I 
- . 

, . ..... . � ) . 
• 

. , . .i 1 • ..  ) • 
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