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1. 

'?he world 1s short of food (1) .. The population ot 

the world 1s unequally distributed in relation tc, the 

productive ability of the land .. Countr1Ets, where an 

extension of the tanned. o.rea 1a poaa1ble, are hand1oapped. 

by a laok of available labour .. 

countries where produot1on has not, as YE~t,, roached. a 

maximum level. As labour h1n<1ers extension. an enc3earour 

must be made to utilise present fa.rm area.a in the most 

In thia way surpluses ot· rood 

may be a.ccumulo.ted in these oountriea, e.g. New Zealand., tor 

despatch to needy areas where the oonsu.mpt1on of food 1a at 

& low level, 

New Zealand produoee animal prod.uots in quantity. To 

1ncreae<, th1a quant1 ty bet tar use must be macJ.e or our chief 

- &,4,,>. ,l'.'ll.113111> I# By more ef:t'1o1ent uae of our grass-

lsnde the production of our exist 1ng herds and flocks will 

be increased while a.n 1ncr•ease in our a.n1me.l population 

will be 1nev1 tal:>ltt .. 

For e ff1o1ent ues of our e·ra&l!ilanda we must ttknOl'I' tt 

• It would appear that a grass has an optimum 

length or leaf t beyond or within wh1oh the y1elcl of nutrient.a 

• By grazing down to th1s length the maximum up-

take c,f nu·triente should be poes.1ble • In nature we cannot 

oone1der grass on 1·ts own. In farming systems, as we 

underatand them today, there must be a tolerance between 

• rr optimum leaf length 1a maintained. 

then the grazing animal willautrer a lack of f<>od, at uom• 

period of the year. 

full expression of its potent1alit1~➔a for production, the 

plant, at san.e period, will have to be grased. to leas than 

this optin:mm length. 

·to the other tnay be su.oh ae to prevent su·bsequent normal 

growth and. produotlon. 

course muat be taken. 

Consequently a suitable m1dd.le 



2. 

Yet, tor the evaluation of our different grasses, b()th 

speo1es and strains, we must know their optimum leaf lengths 

- <,r more looeoly, height or grazing - a.nd their reactions 

to different degrees of le&f removal. 

our knowledge of' root growth and development is p1t1-

tully inadequate. We must diaoover the natur•e of the 

1n-terI~lat1on of tops and roote. Top growth 1B seasonal, 

Ev1dsnae po1nts to the likelihood or root growth being 

aeasonal. 

of' the seasonal root behaviour or r,1:raases 1s essent.ial. 

Soil moisture 1nflmmoes our grasses, pof;sibly their 

roots in particular. Irrigation of our dry land and dr•aj.n­

age of our wet, may not be attended by all poesible esuocesa 

without this knowlei:1ge. 

In this exper1m(::nt an endeavour waa ms.de to d1fi:,oover 

th& rea.ctiO·i& 01' different spao1ea an(l straina of gratu>, to 

different severities of leaf removal. An attempt was made 

to follow t,hc, season.al growth of their root systems by 

obaerv1nit the 1n1t1at1on o:f new root.a at the base of the 

plant. . rrhe effect or m:ill moisture on root 1ni t1at1on in 

grasses was also investigated .• 

The experiment. was laid down on an ar•ea at Masaey Coll­

ege 1n March 1948. 

• 
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II. 

REVIh-:W OF LITitHATURE. ·- ,. ·~ . . -- ...... -
Blaokman 1905 {2) stated. ''the way of those who set out 

to evaluate exactly the er:reots of changes in a single factor 

UJ)on a mult1-oond1tioned rnetabol10 prooese 1s hard." He 

po1nta out that ttthe analytical treRtment ot metabolic 

phenomena 1e not made any leas certain in 1te procedure. 

though it ia made more complex by the interaction ot those 

metabolic eff(l)ots whtch have been desor1bed by their in-

vest1gatora a.a st1mu1~1tory. 0 

such a nmlt1-concl1 t1oned metabolic prooesa. Thus it 

appeara odious to consider different phasi:~a of growth 

w1 thout x•egard tor the other phaaee. 

convenience and clarity th1t3 review is grouped under var1oua 

arbitrary headings • 

SEASON GROWTH OF GRAl3SF.8. .... .. ..... 
Graes grows in a seasonal manner. Oonolu.e1ve evidence 

:for th1a h.tis been published by Stapledon and. Williams 

1922(3) 1n Britain, and Hudson, Doak and McPh<9reon 19:34(4) 

This seasonal growth of herbage can be 

modified by ou.tt1ng or grazing treatinents. 

have contributed to our knowledge of thl, a e.speot of grass 

Frsquenoy .and s~verit,y oi' deto11at1ort have 

Lindhar-d 191:5(5). Stapledon and Beddows 1926(6). 

sta.pledon s.11d Milton 1930(7), Graber• 1931(8), Rc,be~son 

1933(9), Roberte 1 an•.1 HUnt 1936(10), Ned.row 1937(11), 

., 

Harrison and Hodgaon .1939(12) and 6Ghot1eld 1944(13 and 14) 

all subscribe to the view ttu1t frequent outt~ing, severe 

cutting or a oomb1nat.1on or both, will lead to decreased. 

yields• whereas light outt1ngs carried c>ut a.1; long int,ervals 

c>t timet w111 have little effect on ;yields of herbage. 

Stapled.on and 1l1ltc,n state ·that continued plucking o:f' 1n­

r1oresoenoes • t,hey appear tavf>ured root, ana top (le·velopment. · 



herbage actually produced. Aldoua 1930(16) disagreed 

ola.1m1ng that, t.ho higher proteln percentage did not com­

pensate for the loss in total yield caused. by cutting. 

Land.er l9l~2 {17) found for both arguments. Tho 1939-40 

oyole of seasons w.as a dry one 1n Ind1a, and under the 

oond.1t1ons rul1ne; hie result.a agreed w1th gllett and 

wet,ter and hie results confirmed Aldous' argument" 

Apparent,ly looal conditions determine the soundness or 

ii 

It seems that Aldous' argument would 

oa.x•ry m<>re _we 1ght 1n New Zeal and. 

In Ha.wa11 w11a1e, Aka.mine an1j Tal{ahaah1 1940 (18) 

found ·that Napier Graaa responded oonvent,1onally to out•ting 

II 'rhey found an 8 weakly cu ttlng to :, 1110h 

height above ground level gave grea·test yield of palatable 

• They olaimad that this degree or detol1atlon waa 

just, suf'f1o1ent ·to maintain food re,Jervee and to perm1 t 

good top g,r•owth of high pals.tab111ty. 

less lenient treatment yielded. less total palatable fodder. 

K&nnedy and Ru£1eell 19M3(19) with a Kentucky blue graes-white 

clover pafJtur•e found. clipping to ~" above gt'ound level each 

8 weeks gave, under their aond.1t,1ona, greatest yield of dry 

matter. As with the Hawaiian worker& more lenient or leas 

lenient outt1ng treatmenta y1sld.ed leas. In view of these 

findings it woulc:1 e&em likely that s p&rt1cular severity of 

out ting will g1 ve maximum yield. of' pa.la.table ht,rbage and 

am,ther part1aul~u· eev&r1ty of outt1ng may g1 ve maximum yield 

of dry matter. Poeaibly in praot1oe the optimum trea.tm&nt 

• 

Nu.trierrt content varies with stage of' growth. Lander 
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vi.gour of this rogenerat1cn oan be correlated. w1.th 

reserve rood stores, pa.rt1oularly carbohydrates stored 

With ryegrase they 

1nd.1aate that reserves 111 the leaf base are used first .. 

Thus, dependent on t,he presence of reserve food material, 

an initial burst or top growth 01oae11 follows a outting, 

the more severe the cutting the greater the burst. 

initial rapid. regeneration declines in etrength following 

repeated out tings and soon disappears. 

EF'FEOr, or•· rn~FOL AT ION ON ROO'r GROV,TH. -· 
Weinmann 1948 (28) und.er the title of nundere::rouna 

development and reserves of grasses" ha.a rev-1ewedmst or 
the literature pertinent to h1e subject. 

root extent or produotim. Weinmann contirma th1H state-

merit, claiming ae the o'bjeot of h.is review, the etimul1:i.tlon 

or rurthGr researoh into x-oot-top relationships. That 

there 1a euoh a relattonsh1p, and a oloae one, 1s ma.de 

olear by Parker and Sampson 1930 (29), Jones ( 2it-), Sprague 

1933 (30), Robertson (9), Roberts and. Hunt, (lo), Jacques 

1937 (31), Nedrow (11), Whyte 1941~ (32), f3ohof1eld (13) 

and Helson 194~"5(33) 1n their various works. 

and others concur, that frequent clipping of top growth 

results in pool' root growth. 

found that sever1tdefol1at1on ctauaed. reductions in root 

diameters, root ducts and root length. 

that re1,3tr1ot1on of root grow·tb g1 ves e.n efteot lasting 

through beyond the preaerit season. Jacques emph.aa1nea the 

1nh1b1 ting effeot on root development of detol1ation of very 

young. plants, prevt:mt.1ng the establishment of adequate root 

systems. He shows that ae numbers of tt crown root,ot' 1norsas-

ed oheoks, to root growth following cutting of tops, were 

ciue to removal of stored. reser•vee fr-om root to tops especial-

ly at tlowerinp: t1.ms" They mention tha·t perennial ryegr•asa 



he.a its matn etorage of r•servee in th~ root ayotom, 

offering a poasible explans.tion ro1• the generally accepted 

.fact that ryegraes e·ta:ode seirere de:rol1ation better than do 

oocks:f'oot or timothy. Whyte anma up simply - ,.it ie probably 

oor:i;•ect to say that grazing and. mowing practices have the 

grenteet. et.feet upon the root eyeterne of herbage epeoies. 

Evide.nce 1.s gNrnt ·~bat lenient eutting treatrnente are beet 

SEASONAL GROWTH OF ROOTS. ~--~ ...... 
It is tairly ·de:f1nite that root growth ie seasonal. 

Weimnann ( 28) summarises cont'i.rmatory material. 

Island, Stuckey 1941 (34} f'ound root growth was a·t a minimum 

in late eurrur,er - e.utunrn, with a maximum in early spring .fall-

into annual and perennial groupinge·accord1.ng to rooting 

r:fbili ty. 

cockaf'oot as •tperen111a1 •. Yen 1947 (35) found that root 

olaseifiaation of perenni&l ryegrass. He b@lieves that 

the root system of perenn1Eil ry~grase persists for longer 

then e year, Martin 1934 (36) found roote had special growth 

per•i.ode and that removal of to-pa d.uring these pe1~iode inhi'b-

1ted aubeequent growth, Removal at 0th.er periods had 11 ttle 

detrimental ettect. 

vary 1.ooelly. 

Thia spitcie.l growth period ie ee1.d to 

EFF&OT OB' INUIBI'l'ION OF ROOTS ON 1rOP GROWTH • .....,,,~_,,_. __ ,.., ___ ,_.....,... ________ , I_,.., 

Ae ·the preceding materiel indicates, any prUD.ing or 

direct inhibition of' :root growth will be ref'leotad. slmost 

immediately in top grow·th. Robertson (9) tolle of a decrease 

1·n tiller numbers and tiller size conc,urrent with restriction 

of root growth. Jacques (31) found similar ind1oet1one. 

Oerioke 1923 (37) :f."ound that root pruning 



of wheat c'!eoreased tiller numbers in proportion to the 

severity of the pruning. 

grasses to 5 inch t'lepth found decreases in tnp yields up 

gro~th preceded top growth anti ocmtl.nued after top growth 

" He foun1j that constant exposure of roots to 

from the point of" vlew of 1ncreaaod herbage ylelds t
1no 

adv·antage 1a to bf) lool-ced rc,r a.a a. reaul·t of root pruning~" 

Speo1ee reaot <ilfft:tr•ently to different 1ntens1t1es ot 
I 

Stapledon an<, Beddows ( 6), Parker and Sa1npson 

(23), Robortsr.m (9). Harrteon ant:1 Hodgson (12)• awl Ls.nd.er 

(17) produce ~,v1r.!ence in support of thin view. 

and 'Beddows found. strain difterenoes in oookefoot. Similar 

<11tferenoes duo to root 1nh1b1t1on seom probable.. Weinmann' a 

review aeema to imply th1a. 

::~"Ir., ~!9IST,ttR~ ... 0N .RS;DT q11,_o,~-.H• 

Various taotors have an influence on r•oot growth. 

Soil moisture is one of' tiH:i more important one a,,. 

soil mo1Hture affects plants so t,::10 can plants atreot. eo1l 

son and Vt!tlhmeyar 193l(li2) and Bosman 1936(4-3) stress the 

taot that aot.tvely growing plants oauae moisture gradients 

1n the so:1.1, making 1-t impossible to obt1ilin an even 8<>11 

" 

roots would not penetrate a soil of 111
~~ moieture oont,ent., 

Boamun quotes Ve:1.hmeyer as ftaytng that ·the optimum conditions 

tor root growth cov~r the range rrom soil f1.eld capacity to 

"' 
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'rhe experlment coneleted of various top cutting treat-

1nents a.nd root px'Un.ing treatments. 

- a. good cert1f1~d perennial ryegraas, a. poor certified 

perennlal ryegraB!,3t a. oert1.f1od 1tal1an ryE)grasa and a good 

cookafont. 

The o'bjeot wa.e - the 1nvest.1gat1<ln of th<:t effects of 

different outt1ng treatments on top yield as meaoured by 

dry we3.ght andon r•oot growth, a.s rnea,1mre<'.l by the number <)t 

11e\V rc')otei pror,uoed ~•t the base or the plant ( 11 orovm roots"). 

A.lao root prun1nfi; effec1;e on top growth were to bEt invest-

It was hoped to show 'by periodic B()1l moisture de-

term1nat1c.ma t,hat 1n1t3.e.t1on of new roota ana soil moisture 

content are oorrela:t.od. 

Dry we1r)lt was used a0 a measure of top growth beosuse 

!3tandard mr~th()da f<:>r <!ry:1.ng green material 

<Jreenh111 l9:,36(Ji6) 1nd1cat,(;)8 the falle.oy 

or using green weight 11s a measure of t,op (!;rowth. Dry 

weight potrneeaee the great advantage 'tl'l!tt one week' e weights 

are oompt1rabla wl th any other week' a vve 1ghti3, a sl.tuat:1. on 

requiz•E,d in t.h1s experiment. 

Var1at1on 1n the number of naw roots 1n1 tit1ted at the 

base of the plant,. was to be taken ae ind 1oat1ng the re­

sponse of 't,lH:~ pla.nt tc> stimuli roused. in and transmitted 

l>y the "ree<'ling,tt roots to the aes.t or root 1n1t1at1on. 

Ch.angea in the VBr1ous soil faotora, 1nol.uding soil moisture, 

II 

moisture oona.l t1ona were su1 table f t>r root growth a 

'V1,gor-ous 1n1t l.a.t1on of new roots was expected, wi.th the 

contrary oase when ac,11 moisture concH.tione were advernellJ 

Seasonal oap,:.1oj,ty for root 1n1t113,tlon wru.3 to be t,raced by 

the regula:r 1n1t,1at1on of nell rc.,ot,e. The ett'eot ot 
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(a) ~ 

'Nie grass plants ueed in thf!'! experiment were provided 

by courtesy of tht, Grasslands D1v1alon of th(~ D.f:i. & I.R. 

<Jontra.at.lng graeaee in general use were ne•:td•d. 

common pasture grase on plough.able land in Mew Zealand 1a 

Coneequent].y a supf1rior perennial. 

ryegrass plant, and an inferior perennial ryegrnas plant 

o:f' the improved atrnins entering the Department, of Agr1-

01.1lture' s oert1:t1oat1on schen1e in 1948. It is called 

ciertl f1ed. Perennial ryegraeo 1n the text Ill The inferior 

plant was repreaentat1 ·ve of s type whioh haa been out or 

• 
vigorous, narrow1sh-laaved plant growing well under d.ry 

F'or <llear d1:rferent1at1on of reaul tH, var1at1on due to 

other than experimental i'aotors had to 1>,, 1n1n1m1oed. By 

bl,.,ok anc! random1eed. trea.tm~mt la,yout ao11 influences were 

minimised. 'l'he variation of' the plant, mateI•i.al could be 

oont,rolled to a certnin extent. It, was thought that clonal 

l1neu seed .. W1 thin eaoh species all planta would have the 

same genetic const,3.tut1on thus ol1m1nattng var1at~1on due to 

genetic d1tterenoea. n1>ure 11ne0 seed haa mu~Jl greater 

In actual. faot seed would hnve failed to produoe 

As a reoult eaoh of the r;ra.se plants 

as provided by Clraeelands D1v1.e1on (4 1n a.ll) was used as 
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bar:, domo Ahape with n .flattened tip wao e.1mE)d a.t1 

the doma 'being 1-&" deep and l¼" diamotl.":r by cross section 

t ite bo.oe. A wooden mould was turned out on n lath 

nd a few prototY08 knoba produoed in it. 

low and the knobs could not be extracted frcm the moul 

untll sott1ng wo.a near ocmplotion . 720 knob3 ~ore •""""" ........ '-4 . 

o expedite manufacture modelling clay was used . 

prototype knob was made 1n a porl:i1on o 

lay. Th& mould ao fo.!'med was cut into four uegn;.onto, 

by two erosowioe dom1ward cute nlt,h a f1no v111'.le . Th 

ur sogmont,e could be gently preaaed together to fo:rm thi 

mould, and just ao eaailY eoparated to extract n knob 

before setting was completed. Thio apoedodma.nuractu 

rea.tly .. A fa.1rly at1.ft mix of pla.Rter, or parl.a an 

ter wno Dourad into the mould . As tho m1x aot 



.. 
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20. 

tr1a.1 carried on ae e>r1g1nally planned. 

that, as all ·treatment a had been looated 1n the blooke by 

ran<iomisatlon the abandoning o.f the Italian plants would 

not, aff eot the soundness of the experiment n1 layout. A 

further out, was oarr1ed out on the 7th May, on wh1.eh date 

all plants werE, out baoJ< to the1r exper1 mcmtal he lghte 1.e. 

to be g1 ven the same root, treatment .. 

d.ifferenoe between plants aubjeote.:l futhe exper1merital 

regular root pruning an,1 those not subjected to it, would 

be di.le to tx•eatment, only. If the plants not subjected to 

root trer:lt:nent had be<Hl left w1th1:rut the 1n1t1al treatment 

then a true omnpar1son could not have l,een made w1 th root 

Oommenoing on the 29th April the 8()11 waa 

a::irnavated from the base of all the plants 1n order, and 

all roots prun1:.,d off save a 1x ()f the strongest, and firmest 

w:hich were left .. 1rhe 

soil was replaced with sphagnum mosa, moistened ·to approx-

1mate soil xno1ature oond1t1ooa. 

put on and the exper1ment W.'lS ready to oommenoe on the 7th 

of la.y, 8 daye later. 

Half of the t,ot,al number of plants 1n •fihe trial were to 

be root pruned (6 top treatments oa.rried out on 3 grasses, 

eaoh replicated 15 times : 270). 

Ii'or the continued life of the plants some roote 

had to be allowed to grow undisturbed" 

the nutr1an'ti,e whioh kept the plant al1 ve and 11 leo probably 

wer" tha aeat c;f st1mulat1on for the root 1n1t1nt1cm l'lhioh 

Hoots to 1>e lett for thio purpoBe h44 to be 

r 1rm, uninjured and well anahored 1n the s 011. 

taken as being a suitable number. 

( f) EQ,UIPMEN'r. 

For the pruning off or roots a small pair of O\lrved 
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factory. 011pp.1ne; of tops was done uo1n{:r sheep shears 

as adapted by Marryat'I~ and Simpson ( 49) • Olipped herbae.e 

was plaoed in emall p~tty pans which were numbered and of 

known weight. The pane bad beer1 punched out, e>f their 

trays• the trays be 1ng uaed as oarriere for the pans. 

Eaoh tray held 12 pane. Drying of clippings wacJ done 1n 

a large elt,otrioally hea.ted torc.ed draught oven ( at 

Grasslands D1v1sj.on) and finally 1n a 1511 x 22n oapa.oity 

unvant1lated Hearson 010ctr10 oven with automat1o temper-

ature control titted. Dried samples were stored 1n a 

12" diameter desiccator and two au d.iameter dee1ocat,,rs. 

Weighing ws.s done on a Christian Becker Cha1noma.t,1c 

datnped. ba,lance, whioh was faet and accurate. Ho11 

moiattrrs samplfJB were taken with a 1 11 bore oork borer, 

the samplee be1rig carried. and weighed 1n pa tt,7 pane. 

Not,ebooka, weight sheets and data sheets ware used. A 

o&loulat.1ne; machine wae made use of• from time t,o time. 
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factory . 011pp1ng of tops was done ueing shc·ep shear 

.pted by Marryatt and Simpson (49) '! Ol1PP8cl herbage 

s placed 1n amnll pat·ty pans wh1ch were .numbered and of 

wn weight . The pano had been punched out or their 

trays, the trays be ins used as ca.rriero f or tho panu . 

~avh tray held 12 pans . Dryil'lG of cl1pp1ngs was done in 

electrically heated forced draught oven (at 

Grasslands D1v1e1on) and finally 1n a 15" x 22" capacity 

unventilated Hearson o1ectr1c ovon "1th automatic 

ature control titted. · Dried samples were stored in 

12" diameter desiccator and two 8" diameter dea1ccators . 

lghing was done on a Chr1at1an Becker Cha1nomat1e 

damped balance. wh1oh was faot and accurate . So1l 

en w.lth a 1 11 bore oork borer , 

carried and weighed 1n patty pan0 . 

otebooks, weight sheets and data sheets ~ere used. A 

culating machine was made use of, from t1me to t1mu. 

-

F1~ki 
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(g) .L V .1.- ..t..J.\.l.:.61"'1o J,,J. ~L-.1i'I.,_ • 

fore cutting commenced a recording notebook was p-r-0• 

pured, tor eaoh woek . Recorded by blocks were plant 

rumbora and the treatments to be onrrled out on e~oh plant . 

, .. utt 1ng wae co.rrled out by blocks in a.lphabot1ca1 order 

from A to P . AB stateti (<Ject1bn III General Method) cz;:t• 

taken to clip all 1eavee to the same levGl . The helP'ht 

or cutting was taken from the level of the wooden cover~ . 

The plants ~ere plnnted shallow at plant i n~ out oo no 

r1ous error wo.o incurred . The wooden covorn were 

ver~ det1n1 t e levol to work from whereas ~round level 

1uld have bean rather hard to est1,ucn,..,. 

The forced draught oven was available overt 

ndEl Because of t h i o cutting was carr1ed out evory 

Friday, the f1rut cut being carried out on t he 14th 

19lt8. A ruler was used to chock cutt1n~ heights, it 
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use being more infrequent as experience 1noreaet.')d. Clipp-

1nga were plaosd 1n patty pans, the number of esoh pat,ty 

pan bs1ng entere(, in the reaord 1ng book alongs1d.e the 

number or the plant which had been clipped. \~hen full 

the traye or pans were taken to the toroed draught oven 

tor pre-drying. 

(h) ROOT TRE/\'rMEN'l'. 

The f'1rst r 1)0t pruning was carried out on the 17th-18th 

Subsequent pruning was done each Monday. 

It was thoug,ht that by staggering root and top treatmenta 

the severe stress under whioh sc:ime of the plants 11 ved·, 

might have been prevented. from becoming lethal. The root 

treat,ment involved handling the -herbage wh1ch bees.me soiled 

as a result. The per1.ol'l from Monday to Fr1ciay gave time 

.. As W1 t,h th.e top 

treat,ments a reoora1ng notebook was used, the number of 

roots pruned off each plant be1n;l ent.ered alongs.ld.e that 

pl11nt•a number. The pn1n1ng was (lone by rows, start 111g 

at A.l. going to I.24, from I.48 to A.25, B.l. to B, 24 and 

SG on { see Append.ix I ) ,. The operation involved removing 

the woc,r-len oowra, e:xtrat'ltlng 't,he sphagnum m(:,sa, pruning 

ott all new roots oloac, to the ba.ae of the plant, tS:1.lying 

them as they were pruned. off, reocirdi ng the tally 1n the 

recording notebook, replacing the moss and t1nall'y, replac-

details of the root pruninp: operat10,1 and of the experi­

mental arrange·,1snt see Figure 4 .. 

For 



• 

root prun1.n5. 

(1) 

The Hearson oven used for t",rylng purpooea was of 11m1ted 

paoity . Hence tr:insp1ration loss could occur befoX'e all 

011pp1ngs could be dr1ed . To prevent this a pre-drying 

for 4 hours 1n an eleotr1eally heated forced dro.ugbt oven 

t 10°0 • was employed. • The dry 

lo.cod pan by pan 1n tho nearaon oven about 250 at a tim"' . 

thore were 54o plante ln the oxperlment two f1111ngs of 

the oven dealt w1th the bullc or the orunploo . The otn.ndard 

scribed by Mel Ville and others (50 ) for the drying or green 

er1al in an unventilated oven , T,ere conformed ,11th . 'rh 

plea were driod at 100 - lo.5°c . for 12 - 15 houro . They 

ou101:tly tranaferrod from oven to dcsiocator . 

The 12tt diameter des1ocator with frosh conoentrat 

ry1ng asont was used a s the chief storage voaeel for 



" 

" 
" 

" 



sot ,aside ( F'1g. 15). Trampling of' the area was avoided. 

Samples were taken with the 1 tt bore cork borer to a 

f 

eaoh ee.mpling from all parta of the area. The average 

moisture content of the ten samples was ta.ken as represent­

ing the soil moieture peroentaf!'.e for the area, at the av1n•-

age depth of l O
.. By sampling to 2 1nohee a range of 

depth from O - 2° 1s clovered g1v1nc,; an averaFe depth of 1°. 

It was thought that sampling wuld prove of l1m1 ted t1se 

until the soil moisture dropped below field oapao1ty. 

Sa1npling commence~, on the lat Sept. 19ll8 what the soil 

began to dry out appreo1~bly and continued at oonvenient 

1ntervala until the oloae of the experiment on the 16th 

February. 

Soll samplo a were plaaed 1n known weight pans and, 

d,r1ed in the Hearson oven tor 8 .. 12 hotU•s at 100 - 105°0. 

I'n th1a way 'both wet weights and dry weights were obtained. 

Go11 moisture was expreBsed as a percentage of oven dry 

soil. Dry samples were returned to the sampling area and 

gently tamped 1nt,o the holes lef't by their withdrawal. 

oa,re was taken du ring the next two or three sampl1nfB to 

avoid the replaced sampll'.:m, thUs perm1 t,t1nr them to rega1,n 

water s.nd. beonme a.kin to the reBt of the area 1n tlie1r 

water rel,9.t1onsh1ps. 

( k) 1'i1~IGH , . Hrm'l'S .AND DA'rA SHEE1:rs. 

.. Printed on them were 

the number of ea.oh pan in order from l to 5lH), tc~Etther 

wtth the kn.own weight of each pan. When eaoh pan of 

al1pp1.nge wa.a weighed the weight was entered alonga~.de 

• " 

Thus by B\>.btraotion the dry weight of the contents of 

notebook for that weelt and the ~eight sheet, the dz~y 

weight of t.opa for• eaoh plant could be trr1oed and entered 

on the dat,a, sheets. 
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hero vzere 540 clones ueed 

pinto groups , ln various waya , between wbich 

legitimate compa.r1oons ooula be made . 

table of the moan QVerage y1elct o 

top ~rcwth por clono for th\:I HUU J,,Q 0 -h jftn-~WvU IIQJ., },Iv.I. ... vu. , 

1n v~r1ouo groupi ngs . (we1ghto in grammeo) . 
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Grau.pa 

_______,_.,.-~-.....------...-.--------------~--•·--

.. ,. . .. .........,.___,___.._...., _______________________ .......... .,~,._....._~ 

_________________ , ___________ ____,_,.,. ______ ............,__.. II 

·ny different out­
ting treatments. 

j;-11 cut 
1 11 out 
2 11 out 

j •• ••• .... ............ I I ...... -·· ------~--------....+-- • .. , ·---

By pruning or 
non-p:r"Uning of 
roots. 

Root, pt-i.med ol ones 
(Pruned) • 7 .641 

Clones not root 
pruned (Normal) • 17 .T79 

, .............. -~ ........ , ____________________ .. _, ______ ....,........,___,_ _____ ________ 

~ 



I 

"' 

,. .. 
,, 

~ ,. 0 

! ,a 

FOIITN fGH Tl,.r' 

gf-

,.,, l6 1 WCCl< Lr 

I ,, ( 

~" 0 ,. 
f-,. 
LL,. 
Ou 
f- ,, 
I ,o 
l'.) ,. 

w /~ 
s '~ ,. >- ,,, T 
er ,o ,---------, 

0• 

°tL 100 

LL~o, 
0 
o' 
w,. 
z 
:) so 

§: •• 
Ul' 

t)••· 
o, •• ; 
a: 

2· 

1· 

L , 

COCKSFOO T 

trUKL'( 

I" 
,. , 

rORTNICHTLY' 
A VERAGE$ 

2· 
.JPCCICS 

CUTTTflGS 

rORTltlfiH TLY 

2· 
2· 

C. 
I' 

WEE KLY P. 
~ 

2· r 
U. 

,. 
T 

r L' , 

C. 2· 

UNCERT PER.RYE. u 
LL 
0 

CERT PER RYE . p 

d z I CLON,S WffH ROOT$ l 
PRVNED orr TOP 

• H I STOaRAMS 

□ CLONES WITHOUT ROOTS 
PRUNED orr 

0 ROO T ,,, , rocRAMS 

MEAN TOTA L YIELD 
OF CL ONES 

IN EACH T REATMENT 

• 



' 
• 

• 

o_. 

umo of l{ean 14· - 11:e .. 

Source or of free- equareo saunre v. 
var1a.nce ii.om . -

I I 
Total 1">33 f.>O; 1 4-tS • 50:,2 I 124. 11 

·1 .. 72 
twoon blocks 14 '645 .7121 46 .12 1 .90 2 . 12 I s 

Between sprio1ee 2 6,101 .7101 3.oso .86 L3l . 7: 1'. . 6,;: I "-

:: Fre:~:~~~~: I l l 6 , 485 .5239 6, 485 .52 c:'lo . 03 6 .7n I 1S 

7 t;li6 ~5'~ 25 ac: 1+.66 I :,. ".l C::. 1"10"" t"\t='.~1 :; • . :> 

fl Frun1nr o I l 113,876, 9756 3,ri76.98 599 .1r ,; . 70 I .a 

S x F interaction I · 2 I 741!' 9607 371 .. 98 16.06 11.66 I s 

X C It I 4 I 1 ,133.0984 283 . 28 12 . 2 ~ 1.3Q I sc 

p " I 2 I 1,150.7765 575.39 24 .84 4.6 

F X C ti 2 399.2702 199.64 8.62 4 .. 66 ss 

F X ·p ft 1 2,484 . 6307 2,4814 . 63 101 . 2r 6 .70 ss 

C X :P II I 2 5;397.1681 2,698 . '58 116.132 ,, . 66 3$ 

S:xFxC 0 4 51 . 1109 .!~. Itl u . :, ) , • ,;)U I ~ 

x F xP 11 ? 3~e.754ri 1.,4. 38 7 . 9fj li,.66 

S x CxP · " 4 312~8531 78.21 3.38 3 .36 (."!C• 
~ 

:, .x C xF " ? 6nn . ~61 ~ ~ 00 .. 12 12 . 9!) 4.6'1 ss 

SxFxCxP 
Err 

1gnif1ca.nt at the 5% level of pr obability . 

= 
,, II ti 1% tt ti fl 

Standard dov1nt l on ~ s • 4 . 81 

-♦ -.'!cef'f1cient or var1a't1on + - 37 .. 1~ • - X : oonora.l raean • 
• . ' 

I 

Var~.ation due to the third o-rdor interaction failed to a.pvroach 

s1gn1f1canco when oanpared w1th rnndom variation (Error) . 

s auch 1t was Presumed that there was no third order 

1nt oract1on an bulked 1n with tho orror variance. 

the r.esulting r1.gure bo1n.iz t 

:u l ntiona . 

n ao error for all th~ cal-
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{a) . DIFJ:.<'1.!; .... ~ .. --·~ ···-~ ··--·· ----·-

n be seen from Table 1 thore were difference 

tween blocks . Variation was romarkably small, nave when 

considering Block A. Small ae 1t waa the vnriation was 

stat1st1co.1ly algn1f'1oant. The value given as be1nR its 

siroi1f1cance is not extraordinarily high, proving that 

tha area wa.a reaeon~bly even 1n fertility and 1n other 

eaturea affect1ng ple.nt top growthit: Aa t}lis variation 

between blockB was prop0rt1onately small, var1at1on due 

to the treatments could be sat1sfae~or1ly evaluated 

1thln the blocks thG apoo1os oontr1buted 1n regular mo.nner 

to yield i.e . tor any bloOk oockefoot yi~lded. moat and 

unccn"tif,ied perenn1~l cyegrasa least, the d.1-Cferencea 

between ooek.sfoot and cortified per-en1.11a1 ryegra.sa, and 

between oert1fied perenni al ~aas .and uncertified perennial 

ryegrass oe1ng of much the same order 1n nll blocka . 
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The d1 tference b&twesn frequeno1ea was consistent 

tor all three speo1es. When teated statistically it 

just failed to aohleve s1gn1f1aanoe <s!F' • nearly s1gn1.-

f1oant). The interaction was of large value and. 

degrees of freed.om few +n number .. Consequently 1t was 

thought juet1!1a.ble to say t.h~,t a e1gn1f1oant d.1 fferenoe 

between. weekly and fortnightly outt,1ngs held for the thr&e 

species. 

c.rcot Weekly •11•6:,9 gms. Cert.P.rye w.= 9•852 tlloert~P.r;yeV,•6.242 

" Fort. ly • •21. 710 

The t:11tferenoe between frequencies was a1gn1f'1oant 1rrespeot-

1ve of whether the clones were out t,o ¼0 level, l" level or 

2t• level. 

(Appendix III and Fig. 6) ( F • 5). 
ri1! 

i-0 Weekly • 4•896 gma. 1•• W'. • 7· 4o5 2tt w. •15•432 

·k" F'ortn1ghtly :. 9 .. 573 1•• F • •lll.673 2•• F'• •24•281 

The d1fterenoe between trequeno1ea was c one1stent 1rrespeot-

1ve or whether the cl()nes ha,d been sub Je ot to pruning otf 

of roots or not {Fig. 6 ). 

Weekly out, root Prune~ • 6•320 e;me. w., "N01-mal11 
• 12•169 

Fortnightly cut" It • 8•961 F., 11 • 23•390 

Due tc, the large frequencies and prun1ng3 1nter•act1(m the 

d1f"ferenoe was not etat1at1oall.y s1p;n1f1oant unof,r theEie 

• Although evidence po.tnta to actual s1g.n1f1cance, 

a oonolus1ve statement oannot be ma(1e. 

In aummary, clones out weekly, when averaged, 

produced s1gn1r1oantly leso dry top weight. than clones out 

tort nightly. The d1!'ference between theoe t.,,o groups was 

s1gn1f1osnt 1rrespec1,1 ve of species or ou tt1ng oone1dera.t1on13. 

In all probability ro<:>t pruned olonee and 11 Normalt♦ clones 

exh1b1 tee!. a aie;n1f1oant difference when gro1cpecl 1nto weekly 

and fortnightly cutting groups. 

( d) DIF'J.i'ERENCES BETWP;EN CUTrrIN • 

Irrespect1-ve of apeo1ea or other ·treatment considerations, 



• 

the average total 11eld per clone aut to within t" or 
ground level wae 7•2:54 gramn,es, to wlthin 1° of grou.nd 

level was 11 •039 gramme• and. to w1t.h1n 21
l or ground. ·level 

was 19•856 grammes. The differencea apparent, ·between 

these d.iftarent trea t,ments were t'ound to be highly aigni• 

f1cant. 

The d1tferenoea between the cutting treatments were 

highly s1sn1f1oant for eaah apeoiee in turn, d.1eregarding 

• 

• 

• • 
• -

• .. • • 
The differences betwee11 the cutting treat#ments were 

significant tor clones out weekly or tor clones cut fort-

nightly ( • S) See Append1X IV snd Fig. 6 • 

1tt 

2n tt 

• 7-405 

• 15•432 

ill· b" Fort:n1ghtly: 9·573 

l" 

211 

ti 

.. = 
The d1.tf•reneee between the wt.ting treatmen·ts were 

consistent t'or all olonea grouped either as root prtmed or 

aa 0 normalu. 

t" pruned• 5•481 it" "Normal 0 • 8•988 

l ti tt • 6•909 11t tt = 15•169 

211 " • 10•532 2'* II • 29•181 
1rhey were not e·tat1at1oally s1gn.if1oant (r,~n = not s), 

due to the large 1nteraot1on cuttings and pruninrs. 

Aooord1ngly despite the 1nd1oat. 3.ona in ftxvour ot· s1r;n1f1c­

ance a conclus1 w finding oannot be presented • 

Thue, the varlou e cutting treatments permitted. eign1f1oant­

ly different yields• 1rreapeot1 ve of speo1&s and of the 

• The indications are that the outt1ng 

treat,ments <11 d produoe s1gn.1f1oantly different yields in 

both root pruned olones and nno:ra:aJ!1 olones, yet it is not 

proven so. 



<•J 
.B,Y grouping all clones 1nt,o a root pruned group s.nd. 

a ttnonnal" group an average total yield of dry top weight 

was obtained for root pruned olonee 7.641 grarmnea and for 

• 

s1gn1f1oant. 

'rhe d1ffsrenoe in yield between olonea subject to the 

pruning off of new roots, and 01onee not subjected to thie 

trestrnent was s1gn1f1oant 1rresneot1ve of speo1ee ( 

In another way the obvious drop in production oaused by 

root pruninp; ie ei.gn1f1cant in all three speo1ee, 

( Append 1x II I and :B"1g. 6 ) " 

• 

c .root Pruned = 9 • 5Bo gms • oart. P. r.,e J>. • B • 597 un:ert.P.r,e P ,;:4. 746 

ti ti u N. •17 •403 H II ti 

The d1tferenoe 1n yield produced by ·the pruning off or 

new r·oot.s was consistent for 'both fl'equenc1es (')f cutting. 

( Appendix IV and 1•'1 g. 6 ) • 

Weeldy Pruned • 6•320 gms .. 

It "Normal" • 12•169 It 
• 

Yet 1t also• failed to achieve B1gn1f1oance, age.in due to 

a large interaction between rrequenoy and pruninge ( 

The d1fferenoee appear to wa.:r•rant s1cn1f1oance but i.t oannot 

be assumed that s1gn1f1oance wnuld. be 1nev1tal:i.e under any 

o ond1. t1 ons. 

= .. .. 
l" N. •15•169 2" N. •29•181 

•rhese di rrerenoes were not s1gn11"1oant also, ( • not s) 

aga1n due to a large int,eraot10•1, outt,1nFra and prunings. 

Probably had fJ. more eans1t1ve teat been e.ppl1e,j, t,hen 

e1gn1t1oa.noe rnay have followed. 

Clones dift"er s1.gn1fioantl.y 1n yield when subjected to 

the pruning of:f of new roots and. when left with.out this 



treatment. Cooketoot,, oert1f1ed perennial ryegr11ss and 

unoert1t1ed perennial ryegrase each show 1,1·11a 1n a s1gn1-

ficant manner., The assumptions that the ,.,,1r:rerenoes 1n 

yield rsaulting from root pruning hold sl.r1J11f1canoe, 1r 

Clones are e,t•ouped. e 1ther by frequency of' c,.1tting or by 

d. ifterent cutting treatments• are open to conj ectu.re. 

( f) COMPONEN' 1S 0F' V i\HIANCE. 

Using the m·0~thod preaor1·bed by anedecor (p.307) and 

the torrnulse as in Seoti n IV (cmnp1la.t1on of Results) 

the oomponentis of Vt.tl"'.1.s.nce were calculated. 

Source of vnr1anoe 

Between Prun1ngs 

CxP 1nteraot1cm 

Between Out.tinge 

Error vn.r1anoe 

F'xP interaction 

Between Frequenoiee 

tt 

FxCxP interaotl.a1 

SxP tf 

sxa ti 

SxFxP tt 

SxF 11 

SxCxP If 

FxO tt 

SXF'XC tt 

r•oen 

Peroentage oontributlon to total 
var1anoe 

-
19 

15 

15 

13 .5 

9 

9 

7 

3•5 

2 

2 

2 

l 

l 

l 

Q.._ 

1no-~ 

The more 1mpo1~tant, oontr1butors t<.) total var1a.nce may 

It oan be seen that trH:., major factors ( speo1es, 

frequency of ot1tting, height or cut.ting and pruning of roots) 

ocmtrtbute 50':f, of all variance leavinF,;; 5C,% ot' variance due 



• 

contributes 13• 5~ leavinp; 36•5% of whi<:,h two inter.act;ione 

(CxP and FxP) contribute 24%. 

'.l'hus 1 t 1a obv1.ouely neoeasa.ry to ~it tempt an 1nter­

pretat.1on of the 1nteraot1ons. 

1. Between out t1 "..S:,. It waa highly 

Th1e 1mpl1es that the prun1nv oft' of nE.lW 

roc>te produced different. etreots 1n di f feront out ting 

treatments.. Ae may be seen in F'ig.. 6 oocksfoot clones 

out to ?r" level weekly when ro<>t pruned yielded about 2/ 3 

the prl':iduot:S.on of the 11 normal 11 plants. But oooltafoot 

clones out to 2" fortnip;htly when root pruned yielded. 

leeo. than half of the prnd\1ct1on or the "no?'mal" plants" 

roots proi,uces ('iift'erent re1:1ponsee 1n <llones cut sa.oh W1?ek 

and 1n clones out. f ortnivhtly • 

• 
ti 

The d.1fterenoee oan be observed to be dif t'ererrt, in aooord 

with the reault of 'the analysts .. 

111. Betwaen ape...2.,!,~inge !. It woe a highly 

The 1mp11oatlon 1e that ea.oh 

• II 

-

II 

1nteraot1on. 

reaot diffarently to the different, cut tine; treatments .. 

.. 



47. 

'l7heee differences thl~s vary s1g;n1f 1aantly from speo1f.t8 to 

species. 

Thia 1nteraot1on 

Aooording to 1 t th.e various 

ap,.,01ee react s1gn1tioantly differently to the change 1n 

rrequenoy of' top cutting. 

o .. :root d.1fferences between weekly and fortn18htly =10•011 gms. 

" 11 • 6.296 
tt ,. II II • 4•427 

The analysis thus aff1rme a highly probable aaeumpt1cn 

that th9s& ditferenoea do vary a1gn1f1oantly. 

Vi• ................................. .,;,;.;,; ...... ......,:;,;;,;;;;,..,...__,;__,..;;r,,,,,i;,.;-. Aleo a highly 81g-

n1r1oant 1nteraot1on. 

treatments yield 1n a s1gn1f1oantly (i1fferent wa.y when the 

frequency or cutting 1s altered. 

Differences between wee1dy and. fortnightly outs 

for w" • 4•6T7 gms. 

(eee Appendix IV). 

the ana.lysis f1nd1 ng. 

2tt • 8 ·8"4,9 

'l!hese figures ind 1ou.te the truth of 

v11. h rd order lnteraotlona. These were considered 

to be too oomplex to warrant an attempt, at 1ntez•pret.at1on. 

Any 1ntorpretr.:1t1on made would be one possibility out of' 

aeveralt all of which may apply squally well. 

they were ignored .• 

As a result 

In :passing it may be noted th!1t:. thf, cruttinge x. prun1nga 

intera<.1t.1on was highly s1i;n1f1oant, und.enial:,ly so, for all 

species. ( .. Qr:.l?~.· • !~S), 
SxOxP 

(h) 

In the first weelcs of this experiment a stimulus, apart 

from naturally ocourr•in.g seaeonal growth, appeared to be 

exerted resulting in peculiar yields from 01onoe under 

different treatments. For• oonvenienoe th1a stl.rI!ulue 1s 

called "1n1.t1a.1 st1muluatt, since 1t ha1 not been ot)Si:rrved 

Its prese,10e 1s mentioned 1n 

Seot 1.on II" As 1 t was purely ao1nc1defftal an analysis of 
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it waH hoped to get. a smoother r(Jpresanta:tive ourve. 

The following pointc:3 aeem to be cd~ probable u1gn1f1oanoe. 

1. At the oommenoemitnt of the trial all clones were out 

that those clones out to the ·a,n le-vel outyielded those out 

·to the l. 11 level, ther.ie latter in turn outyielded. thono au.t 

to the 2" level. 

11. It was observed that olonee which had been aubjeot,ed 

to root pruning outyielded thoue which had. not, tor the 

first few wee1re at leaa·t .. 

11:l. After tm first wee}t, 11t the aeoond outting date, the 

2 11 plants wer•e outy1ald1ng the 1 11 clones, wh1oh 1n their turn 

good for t,h(! rest of' the e:xpe d.menta,l pE1riod. 

iv. Hoot p:runi:Jd alonea which were ex.peated. ·to yield less 

·than those m,t unaer root, pr\llling. eventually did yield leas. 

They Oh'.mged frnm superior yield to inferior yield at t1mea 

cl.1ffer1ng for the three levels of cutting. 

from the pretr<iatment out, the 2° root. pruned clones aubaided 

beneat,h their 211 "Normal" colleagues. 

alones. 'l.'herearter the roo·t pruned clones were inferior 

y1elders of <1ry top gr(>Wth. 

( 1) GENF;RA.L on:31m.VA'.rIONi:) ON TO GROWTH. 

Growth wE1s seasonal for all three epeo1.es and for 

all ;6 trea:t.rnenta .. In the 1n1 tial stages of the exper1men 'b 

a marked decline in produot1 v1ty was cc,mmon. 

been due t.o waning of' the rapid growth o.f establishment or 
' <)f the u 1n1 t:tal stimulus" effect, wt it seems very probable 

~, 

tha·t a natural d.eo11ne 1n production occu x~red ,due to the 

onset of winter. 

Wi tllou t, exception late June - early July wa.e the period 

or lea.et grow1;h,. Production was virtually halted. nave 

Even so 

" From mid July to late August growth 



r11pid growth. Coakefoc,t olone~1 shooed this rapid 1norease 

fpr a hrie)f period am then reEn.tmed a slower l'•ate of 1ncrea.s& • 

until November wrHm th<!Y too prooeedea Tl'i th a very rapid 

1noreaee 1n growth. Peak produat1on wets r•ea.oh(:,d a.t dJ.f fer-

ent times for different species. 

From early Novemb1~r t,) late December oert1t1ed perennial 

ryegraea produced llt, a very high level with peak production 

oocurI'ing v11 thin thr1t period. Uncertified perennial ryegraJJe 

px•oduoed at. a high level, thoo gh lCAVer t,han oert1tied., for ' 

the samo }:x.,ri.c)d of time as oertif1ed but, with peak 1n•oduot1on 

occurring w1th1n t,he period 'but; la.tar than tor oert1f1ed. per-

ermial I'Yegraas. Th& ooakefoot produoed well from late 

November urit11 the end or the trial tb,3re bs1ng 1nd.10at1ona 

of a slight deoline in production only. 

ln eaoh oaee 1 t, was notable that the cl.onee which had 

been aubject.e::l to root pruning reaohecl their peak production 

a,t least, a fortnight or three weeks ea.rlii~r t.han d.1d t,he non 

root pruned ( "Not"mal") olonee e.g. root pruned oertlf1ed 

perennial ryegrastl clones reaoh their peak about, the firs·t 

week in Novemt)ar whereas "Normal n clones reached the1r peak 

about mid December. 

Throughout the experiment. differences between treatments 

were ol)v·1oua, just as ware the differences bet·ween species .. 

Exoept for a period in August and Beptemb&r• oooksfoot out­

yielded oert1f1ed and uncertified perennla.l ryegrassee 

oonaistently. Cocllrnfoot appeared to respond to the spring 

1n a laggardly manner. Apa.rt from a brief increase in 

production in September there was no a1zable response to 

improving growth oond.1 t1ona until a.bout the, eeoooo week 1n 

November,. Thia appeared to hold for all treatments,. 

Ryegraas responses were more gradual. Although growth 

did not res.oh as h1gh a peak aa that of oooksfoot ye't, 

tollow1ng the Jun1:~ - Jul;r period 1t proceeded at a gradually 



" 



... 
::, c.: • 

by th8 29th of October . By the 5t h of November mru1y r yegr aas 

lonee we~e producin~ t hem . Between the 12th c.nd the 19t h 

or Novemr,ar- oockstoot flower atnJ.its appeared . stap1eaon 

1ltnn (7) reool."d 1:,hat continued ·p1uck!nq; or .tnr1oroscono-

u l ated lio - --

been extended by the frequent ra~oval of 

no dls t.1nc1aon oet.ween soeoat.a.l.KG and 

/I vhe recorded v,e1,zh1n~e consist of dry l eaf 

r stalk. . Flower stalks were ran or nlmoot 

clonee cut to ~0 and· l " weekly . Consequentl 

to them cnnta1ned but few variations due t 

flower stalks . BY t he middl e of .January flower stalk form• 

t1on was olmoot comoletcu • 

• 

MEAN TOTAL NO.OF ROOTS/CLONE/ TREATMENT 
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3. 

Of the 51-1-0 c1onos under top treatment• 270 were · 

lt ously un ot treat~ent 1 . e . th run1 orf 

of roots 1n1t1atcd 

ra,ndom1sed ,1han Pl 

ek . ail clones had been 

tor, 

1n rat 

he exner1ment 1t 

cl one a under root 

,Artment. h1 t 

slbl 

nst.itut­

xnerlment 

of tost 1n~ the effeots of various cutting treat -

enta on numbers of roots 1n1t1ated oh ··k . Th 0 

olon 1sed 1 r block throuru1out the 15 blocks . 

Thue they eoul lit up into oomp ·roups, by to 

treatmont, between Which leg1time.te compo.rtsons oould 

ble li i tablo of the mean aver 1umber 01· roots 

pruned off per clone for the whole r1mentnl period. 

1n various groupings (Exproaaed 1n numbers) • 

• 

thod of _Group1nsz Grout> 

blocks I A. 471•8 F.397•3 K. 51·,. 

_, • ..,15. 3 G.359 · 9 L.539•1 

' ♦ "-t94• u H. • ., J i.J • ~ u . a4r.. 

D.401•6 I.528·8 N.5ln• 

• .JV:, -~ ,., .511.~•l 

y speoloG I Cooksfoot Clones =3~?· 
reneral 

Cert . Perenn. r:VG olorioa •585·7 

nnoert .Peronn.cye c1onee •442 • 

BY froquency of top l;eekly top cutti.ng · :3s,7 ·7 
outtin - Fortnightly top cuttln. ,=525• 

IY clifferont top I in top treatment • 326• 
cutt1n -

l" ti II =406•6 

2" u n • 651•0 

n anl'.\lye1e of va.-r.ianc carrl 0 t at 

1 fica.ncc or dif'feren pparent abo • 

• 
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________________________________ ..., _____________________ _ 
Total. 

Be·tween Blocks 

0 5p<::oiesl 

1t 1treqt1enal!!s I 
II cuttings 

SxI•' inte¼ractJ.on 

axe ti I 

FxC n I 

265 

14 

2 

l 

2 

2 

4 

2 

II 

, 

40.411•0 

391,192•1 

I 
• 

20,205•5 1.64 4•71 

97, 798 & (: 7. 9 2 :, • 41 

ll,014•1 0.89 4•71 

. " 

Standard Deviation• 111.15 

••• Ooeff'1o1ent of va.r1at1on : ...!.... • 24. 091'.~& 
r 

I 

I 

I 

The sources which failed to reaoh s1gn1f1canoe at the 

11' level also fa 1led to re a.oh 1 t at the si level., 

The second order interaction failed. to achieve a1gn1-

f 1oance and was n.cnord1neJ.Y bulked in with error ftr1ance, 

-

the new error term so der1 ved being used f'or &11 onJ.ou.lations. 

(a) 

The d.1tferences l:>etween blookt, are more pronounced w1 th 

root numbers than w1·th dry top weight. 

• Yet this var1at1cn l>etween blocks 

does not appear t.o be exceptionally lr~rge, pointing a.gain to 

the rel.a.ti ve evenness of the area in ·respect a porta1n1ng to 

• 

more, due to eo1l vn.r1at1ona, than tops" 

.. 

1)oea1bly a small var1at1on in top growth may 

1nd1oe.te a larger variat,lcm 1n root 1n1t1at,1on and in root grar.th 

ae s. whole. 
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·1 

(t) 

UBing the formula.e raoorded 1n Sect.1on IV 11 0mnp1lnt1<:'n 

of Reaultsr• the oomponen·te of variance were oaloulcJted. 

Table 6. Pt,roon tage contribution of the var101.m eouroes to , . . ........................... --................ , ......................... , ... , ...... , ............................................... ··"················· , .. , ......... ········-··· ... ... .... .. . . .............. _,.,,.,,. ·:•~• I I I •••• ... 

Between top outttng groups 40 

Error variance 27 

Between epi, oieu I 18 

Bot-woen frequenciee of top 
cutt1ns I 11 

I 
tt ft 

tt ft 

~-•••••-oa ~u ••, I,,,.....-.. ,. •• • ••n ••• 11•.,.••• .,,,.._ 

It can be seen tha.t the ma.in effect::~, notably tho 

variation of top cutting, oontr1huted. 69% or t,.i,tal Vf.U'1anoe, 

sug{:!:eet that possibly the intere.cti<.•n1s ?Jhlch fa.lled. to 

achieve S1fan1f1<Janoe in this experiment, actually n:1ght 

fa1l to aohieve 1Jl.gnif1cnn::~e in an experiment, desiL91ed 

to te13t them., 
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At the oommenoement of the trial all plants were 

pruned. baok to six roots. A count talcen at the oon-

olusioo of the trial showed. an average of seven root,s tor 

each clone which had been subjected to weakl3 root pruntng 

throughout the trial. In two oases where the plaeter• 

knob had been plaoed unreneona.bly deep over 100 roots were 

f ount:1 for ea<lh clone. 

reaultin,.:r, from tbeae two indiacreti<>ne was m1n1m1eed .• 

All plants not eubJeoted to regular root pruning were 

lifted at the oonelue1on or the trial and a count mad.e 

of the roots growing from the base of each plant. 

of ·these roote were f"ine and difficult to d.1stingu1eh. 

As a result the count ma.de was not an aocurate one. 1n­

suff1o1ently aoourate to wa.rrant ana.lys1ng thEJ results 

Appendix VII or VIII give the appropriate 

figures f"or the repeated week.ly and for the one final count 

of root numbers, Figures 12, 13 and 14 t•eoor•d the period-

ioal changes 1n numberH of' roots 1n1 t1ated by the al ones 

under the var1.ous treatments, 

Provided oond1t1on.e were au1 table growth seemed to be 

seasonal. In all oases root 1n1 ti at.ton etarted off at a 

high level por,sibly due to an "initial st1n1ulueu, euoh as 

appeared to intluenoe top production., It was felt that in 

all probability root 1n1t1at:1on had been at a high level during 

the establishment period. The onaet of the oold wet . 
oondttions in June caused a d1rn1nut1on 1n r<>Ot 1n1t1at1 on, 

thus oontr1but1ng to th1a deal1ne in root 1n1t1at1on. All 

treatm~mte showed a low level of 1n1.t1at1on during June, 

the rye£?.,rassea more ao than the cooksfoot. In July root 

1n1t1a·t1on 1noraaeed to a high level which was maintained 

until mid October. Without •xception peak level of 

1n1tia.t1on was reached w1 thin a weelr of' the 6th Se1,teml:,er 

.. Fr9m mid oct()ber a marked de-

orea.se 1n 1n1t1a.tion wi1s noted until 1n mia December root 
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GOCKSFOOT CLONES 

Dry weight of tops - totals for exper1ment. 

Pruned = 9°580 
Normal = 23•769 

'?Jeekly = 11 .. 639 
Fortnightl~ s 21•710 



Pruned = 8•597 
:Normal = 17.403 

CERTIFIED PERENNIJiL RYEGRADS CLONES• 

Dry weight of tops - totals ~or experiment. 

t" = 7•46lt 
11t • 11-164 
2♦1 = 20• 371 

weekly = 9•852 
Fortnightly = 16-148 

Tree. me:n1 
tal8Avera 1 

5• 145: 
' 

6·753 
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Number or observat1ona required to give e1gn1f1oanoe to 

va,r1ous diff e:renoea" 

- w1 th reference to olonal material of the same var1at1.on and 

to experiments oarr1ed out urld.er very similar oond.1 t1ons. 

D1,fftrenoes 
1n gramme, 

l•OO 

1•25 

1•50 

2•00 

2•50 

:,-1.)Q 

4•00 

5•00 

6•t)Q 

7•00 

8•00 

• 

Tops"' 

No.or obeervat1ona 

fl.came m:. 
1i level 

t • , 

416•9 

266•8 

185•3 

104•2 

66•7 

46•3 

26•1 

16•7 

11•6 

8•5 

6•5 

5•2 

4•2 

2•9 

185·3 

118•6 

82•3 

46•3 

29•6 

20•6 

11•6 

7•4 

5•1 

3•8 

2•9 

2•3 

1•9 

Root.a. 

N<:>.ot obeerve,tiona 
re 

371•:, 

165•0 

92•8 

59•~ 

41•:5 

2:,~2 

14•9 

10•3 

7•6 

5•8 

4•6 

'3·7 

3•1 

-

There were 14 degrees or freedom (15 replications) giving 

t (at 1% level)= 2•977 nnd t (at 5~ level)• 2"'145 

for oonvenienoe t (1%) • 3 t (5%) • 2 
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t lon, t t.ra are 

lu 

tho word "nvora~.o" OJ'JP0W-S 1n tllc ,appond1c 

'1.1ocu• 
• 

C -
renn1a1 

l - -
~ to~ wol'e cut to n1th1n tr" ,of bonrd lovol 

l" . -= f1 ii tt ti " l 

2 

tf 

1.e . clonea oub .. ,OO'&OO t.o roguJ.a1" roo 

• 
...... clone:;. _. t. subjec1;od to re1,."Jll 

ing 

1 I\P~I;;froIX I, • 

Clone cut to it" lovol, on.oh H~..,._, 

ubJaoted to regular root prun 

tee a clone cut to 2'~ le vol, oacm f ortn1~ht 

u"'u ""!.i& ai .JV ...... .., ... "'"' ... ""UU"-' .... r l:-Oot. pru.nlng. 

i 

. u. Y\o-HV\o\.lU (:.l '-'.l.vm; uu,t to n,11 'letrel. each v;oek 1 

ct 

1° F. ~onoteo s clone cut to 1u l.ovcl,. each 1'o:rtn1 

thar 

I 

In this \npp;,nd1.,~ C : cutt!Ln~ (1.o . ~•1 ,l" or 2° levol) 

(1.0., prooonco or o.bnance) 

1 • n 






