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INTRODUCTION

Duriﬁg the pregsent century there has been a radical chanze in the
components of seeds mixtures used in Britain. At the turn of the
century the mixtures in use were of the type nronoged by Blliot of
Clifbon Park and contained up to ten grass species, three clovers and
various herbs.

In the light of modem knowledge the value of these extremely
complex mixtures is very much in doubt and Stapledon in hisg introduc-
tion to Klliot's book, Blliot (1943) said "He (Blliot) could have
obtained the resgults he degired with a reduced nuwnber of species and
with a considerable conseguential saving of money".

The first move away from the Clifton Parlk type of mixture came as
a result of Gilchrist's work at Cockle Park. He reduced the number
of gpeciseg included and was also the firgt to anpreciate the value of
using specific strains. The success of hig mixtures may be judged by
the fact that today, some fifty years later, the go-called general-
ourpose mixtures which are widely used ave of the Cockle Park type.

A further simolification of mixtures took vlace following on the
work of Stapledon and his colleagues at the Welsh Plant Breeding 3tation.

Their investizationg directed interest to the differences that exist

2

between cultivars of the smane smecileg and in narticular the relative

valuas of ungelected coanercial cultivars and those bhred Tor a srecific

Py

“

DUEDOSEs Fyom this evolved today's Yegluole® mixtures ol seversl culti-
varg OO one Or Lo Jrags ghocles.

A1 thou h these mixtures sre relativel: glarle they are coanplicated




Loodt do oan accented fact thal srogs sooelos corete with esch
phhor dn a sward it dg lesleall o sasine thot L ~grecilie coanetition
will oceuw wnien cvldtivery ol varying type are combined.

( Daere 1g, hovever, relatively 1i'tle dInformatics avalloble

inz to Inter-cultivar conpetition and 1ts eifect o gengonal ond total

30

poadnetion. Doubtless the difficulty of identifyrin: cultivars of a

it

si mle" mixtoure is used today on a country-wide basig it

L

is of some importance to deteraine the comvatibility of cultivars and

the contribution, both ssagonal and total, that they make towards the
oroductivity of a sward. Also to be considered is the versistency of
cultivars under differing grazing and cubting manapgements and the inter-
action of these with cultivar productivity.

The investipations reported herein were carried out in order to
meagure the competition between cultivarsg of perennial ryegrags (Lolium
perenne L.) which is the most importent and widely used arass in Britain.

It was necessary in the courge of the work to devise a technicue
whereby the cultivars could be identified when crowing in the cloge agsoci-
ation of a sward. Three related experiments (using the technique deve~
loped) were carried out. IFirst, the yields and development of three
chogen cultivars of Lolium nerenne were measured, over three years, uvnder
gimulated sward conditions. Secondly, a study of the effects of sheep
prazing and hay-taking on inter-cultivar (Lolium perenne) relationships
wags nade over Hwo years. And, thirdly, the inter-coapetition of Lolium
cultivarsg, during the establishment phase of a sward, was lavestijated

during one growing seasoh.

O

o
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REVIEY  OF  LITERLIURE

Tonter~gpecific Competition

One of the theories put forwerd in survort of mixbures containing
aore than éne grass species ig that the varying srowth cycleg disnlaved
will dovetail togethewr. Theoretically, this should lead to a more
level geagonal production since, when one grass has passed through its
mogt productive phase, another will make the running.  As a consequence
of thig, a higher tobal production should also be poasible.

Blaser, Skrdla and Taylor (1952) in their review of literaturg
relating to the problems of compounding seeds mixbures stated that there
was no increage in total produetion following the uge of complex mixtures
since any increase shown by one species was halanced by a corresponding
logs in another. Neither could they find any ingtance reporied wherehv
a more level scasonal oroduction had been obtained as a result of using
several agpecies. They algo stresg that in famn nractice it ig impossible
to find a management sultable for all comvonents of o mixbture and that
therefore gome will he favoured while otherg are depressed. This must
ultinately lead to the species most suited to the manazement and envicon-
aent beconiny dominant.

The failure of complex mixbturecs ds attributed by Stapledon (1959)
to the gelective grazing of animals rewoving the wore palatable goecies
and also to the ;reat dlflferences in growbth form that con pertain between
goaciey.

A trial usias nixtburcs containing tlaotay (EFhlewn pratense L.),
cockaioot (Dactylis cloaerata L,), hent (Lgrostis 2l.ba L,) and smooth
stalked acadow zrass (Pos pratensis L.} which was renorted t, Jeigun

a4 tlein (19h1> showed an advantage for the wore couplex mixtures in the



R -

Lirvet yoor wien a hiszher yield was obtained than froa mcadow rags
alone. Subsecneatly, however, all aixbuves ropidly becnme doninated
by wmeadow grass and at no time wag mid-suwaner orowth increased by the
inclugion of several specieg.

Gresor (1940) vevorted that o witture of vereanial ryesrogs, cockge
foot and timothy soon becowe conpletely dominated by the ryvesrass and
that the vield from the mixture in the second yesr was less than that
from pure ryezrass or coclksfoot gwards.

The trial revorted by Wils&n and Peake (1956) in which smooth brome
(4erna inermig Leyss) cocksfoot and red fescue (Westuca wubra L.) were
Town alone and in all combinations wag desimned to test the assumption
that a grass will maintain its iadividual srowth characteristics when
srovn in combinations with other srasses. They found that cocksfoot,
beins the strongegt growing agrass, inhibited the other species so that
they were unable to dlgplay theilr nommal growth cyclea. hberg, Johason
and Wilsie (194.3) working with mixtures of lucerne (Hedicago sativa L.),
ved clover (Trifolium pratenge L.), timothy and gmooth brome found no
glonificant gain or loss by combininy species, any increase in one
being offset by a logs in another. They astate that the regoonse of
species in mixtures is of the comnlementary type rather than watually
beneficial ox antamonistic.

The evidence azalnst the materialigation of the thecretical advan-
taces of wmore level seasonal nroduction and hiher totsl yield claimed

.

Tor complex mixtures is, therefore, very strong.
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tivar Competition

The reagong underlying the incluslon of gseveral cultivarsg of a
snecleg in a mixture are gomewhat slmilar to thoge advanced for mixtures
of species viz - more level geasonal output and preater ease of manaze-
ment due to differences in prowth forms and palatability being less than
between gpecics. Stevledon (1939) did, however, acknowledge the fact
that competition can exist between culbivarg ag in a mixture of hay and
pasbure cultivars a bulky hay croo may smother the prostrabte pagbure
cultivar. Stapledon algo noinbted out that graszing in early soring, at
the time when the hay cultivaf is growing actively, will tend to sunpress
it Convergely lax grazing in early gpring followed by heavy grazing
will be harmful to the late pegture cultivars. He did, however, regard
the inclusion of.early and late cultivars in e mixture asg beneficial in
siving more even herbawse growth, at leagt in the early life of a ley.
Davi; (1939) suicested that since $.23 perennial ryesrass is so late in
spring o mixture with any early growing cultivar is called for. Huant
(1957) also was of the opinion that a Llend of cultivars would result
in more even production provided the early growing types dild not saother
the later ones.

Jones (l958a)has degeribed an experiment in which the coupetition

between carly and late cultivarg of perennial ryegrass was measnred.

Je confirmed Stavledon's stabenent thot by varying the msnazement in

Serag of thae of ecubtins eitlier the carly or lste cultlvar would be

Tavoured.

T

N " 7 L T I s T T N - . o3 -
Aocordia s to Charles \1)513} o almbore ol oawly and lote culdivars

ol the some snecies rave a more level nroduction avnr the gesson in the

- (=)

early vears of the Srial but that this wes Loter lost, due to the Jeainance
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of one cultivor over the others. He also rerorted thet the versistence
of Trish and 5,20 soveanial ryenrags was reducced whon sown with S3.23
perennial rye rasg. Uhig, hovever, was influenced by nonageaent since
after 5 years votational sroziag 950 of the tilleovs froa an Triah,/3.23
suard were of the 5.23 type and 72 were 5,23 in an S.24/3:.23% sward.
&t another centre, afber O years of continuous hard grezing, $.23 tillers
nade up 99, and 97,0 of the Trisgh and 3.2 suards respectively. Pififer-
ences in total vield of these ryegrass cultivar mixtures were small and
mixtures containing one cultivar were as productive ag those with two.

Gregor (1940) found a higher yield was obtained by combining Ayrshire
and a late flowering ryesrasg and similerly a mixbture of early and late
cockafoots save the hishegt yield. In asree.aent with this Hanson,

Garber and Myers (1952) renorted hirher yields fron mixtures containin~
two or more cultivars of smooth stalked meadow grass compared to the
yields of single cultivars. In another trial Gregor and Watson (1954)
found the competition between contrasting types of perennial ryegrass to
be intense. Theixr results indicatbed that when grown alone all types
were peraslsteat bubt in commetition one flourished ab the expense of its
partner in the mixture.

The complementary nature of the growbh cycles of ryegrass culbtivars
ig stressed by uches (1951), Hunt (1959), Hunt and Thomson (1955) ana
Prendergast and Brady (1955, 1955a). These workers Tound that the mosgt
sucecessful method of utilizing the contrasting growth cycles of sarly
and late ryegrasses was by sowing them in separate mixbtures. By go
doingy each cultivar was able to exhibit, to the full, its own growth
rhythm. This provided a more even spread of herbage growth and a longer

~paming seagon.  Frenderast (1959) gsugrested that ag eaxly types tend

¥

to become doninated by late types swards of different ages develoned from




...7...

mized sowlogs may show the complementary advantages gained from separate
gowlngs of early and late cultivars. Ie also reported on a trial in
which a mixture of Irish and New Zealend gave a more productive sward
than either alone.

Hunt and Thomgon (1955) sugmested that the btendency for quick grow-
ing early cultivars to dominate the late cultivars in the first year of
a sward may be reduced by sowling a greater guantity of seed of the late
type.

From the information available it can be appreciated that the giwn-
plification of mixtures $0 cultivars of a single species does not
necsggarily meel the needy of the fammer in supplying a high annual
“productlon oi herbage, in gteady increments, throughout the year. The
position was well summed up by Jones (1939) who wrote "..... when a
Tarmer includes in his geeds mixtures many strains of a speclies, the
type of management practised during the firgt few years must, to a large
extent, declde which of thesge types or gbraing will eventually dominate
the sward”.

Production of Ryegrass Cultivars

iuch of the early work at the Welsh Plant Breeding Station was
concerned with the evaluation of indigenous and commercial cultivars.
The investigations reported by Jenkin (1930}, Stapledon (1924), Stapledon
and Jones (1925), Davies (1939) and Jones (1939) showed that in general
the indigenous, or late, cultivars were less productive in the firgt har-
vegt year but that, thereafter, thelr yields were better than commercial
cultivara. This was not always the case as gome trials showed the
indigenous to out-yleld the commercial even in the first veay(Stapledon
(1924). Cooper and Saeed (1949) found Irish to commence active growth

earlier in spring but that after the second cut its productivity .-
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decreased and total yield wag slgnificantly below bred cultivars.
Davies (1952) also considered Irish to be of Llow productivity and per-
sistency. These investigations, Jenkin (1930, Stapledon (1924,
Stapledon and Jones (1925), Davies (193%9) and Jones (1939), atso demon-
strated the effect of management on the relative yleldg of early and
late cultivars, the early cultivars being favoured by a more lenient
system of cutting and the late types showing at thelr besgt under hard
graging.

Sonneveld (1955) and Van den Bergh, de Boer and Van de Kaa (1958)
have algo shown that the management imposed on a sward influences the
types of grass that survive. Cutting for hay wag found to increase the
number of' early flowering hay btypes surviviag, while grazing favoured
the late progbrate types.

Gardner (1960) demongtrated that selection cccurred in a population
of Irish wyegrags under grazing conditiong. After 11 years the surviv-
ing plants were slightly later in maturing and more leafy in autumn than
newly propagated plantsg.

In Scotland co-ordinated trials on the relative production of rye-
grass cultivars have been carxied out by Copeman, Heddle, Hunt and
Sampford (1958). Yields were determined by monthly cutting by an auto-
scythe and under this gystem Irigsh and New Zealand conzlderably outylelded
$.23 although the difference was not so0 marked when 12 cwt. of 'Nitro-chalk'
was applied during the growing season. The New Zealand cultivar was
outstanding in all trials having the highest yield and a vexry level
seagonal output.

A somewhat similar trial carried out in Northern Ireland by Mcletridge,
Boyd, Kelly and Linehan (1958) placed the cultivars in much the same rank

ag the Beobttish worksrs. The velative yields for New Zealend, Irish and




..,9._

G.23 were given as 111, 99 and Y3 resgpectively. No intsractions were
recorded bhetwegen cultivars and level of nifrogenous manuring and since
cultivar differences amounted to only 18% between the highest and the
lowest and manuring differences were as high as 85% it was concluded that
choicae of cultivar wag of little importance.

hnother Irish trisl reported by Proudfool (1957) agaln confiymed
the findings of Copeman et al. (1958) that earlier flowering cultivars
were more productive than later flowering.

Hughes (1956) compared Irish and S.24, which ig a similar type to

Hew Zealand, under grazing and hay—and.aftermath treatments. He found g{/

s A

s —

that 8.24 was by far the better cultivar and outyielded Irish under all
management gystems. When the production of the "Irish sward" as a !
whole (including ungown species) was compared with the "S.24. sward" the \

the
superiority of/S.2) component was masked especially where no additional

nitrogen had been applied. The gpread of the unsown species, rough

[

stalked meadow grass (Poa trivaelis L.) and an inercase in the white clover

conbyibution boogted the yield oif the™rish sward & similar effect was
noted by Proudfoot (1957), Hunt and Thomson (1955) and Prendergast (1959).

Tyials carried out by Heddle, Dawson and Gregor (1950), showed that
time of cutting can influence the resulls obtained in cultivar compari-
BONE. When the plots were cut according to stage of growth rather than
by calendar date the late cultivars gave much higher yields whereas when
a monthly cutting regime wag imposed regulbs similar to those already
mentioned, Copeman et al. (1958), McFetridge et al. (1958) and Proudfoot
(1957) were obtained.

A grazing trisl conducted by Hunt and Thomson (1955) showed a slight
advantage for $.23 over Irish in both herbage and livestock starch equiva-

Llent producti.on. Thig result ig a reversal of the position as found by
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Hunt (1956) when 5,23 and Irigh were compared by monthly cuts. This
wag partly attributed to the fact that, when cut by an autoscythe, the
yield of $.23 wag underestimated ag much of the herbage was below the
level of the cutting bar.

Jones (1958) compared an sarly and late cultivar of cockgfoot culb
by autoscythe and hand shears and found that the yield ol the early
cultivar as egtimabed by the auntoscythe was 86% of the hand shear cut,
while for the late cultivar it was only 39%. Davies (1956) found that
by using hand shears $.23% ylelded ag much ag Irigh, even in gpring, when
the early growing Irish should have had the advantage. In another
experiment Davies (1960) reported that although 5.23 had similar tiller
nunbers and welght per tiller as lrish in spring,yields esgbtlasted by
mower cuts placed Irish well ahead.

It is apparent from the foregoing reports that the yleld of culti-
vars is strongly influenced by (a) frequency of defoliation, (b) height
of cut and (c) level of nitrogenous manuring. The interactilon between
cultivars and method of agsessment mekes it very duportent Lto interpret
resukts with this fact clearly in mind.

Morphological. and Physiological Backeround to Cultivar Differences

The pevsigtence of cultivars of perennial ryegrags has been shown
by Cooper and Saeed (1949) to be closely linked to the number and fre-
guency of flowering tilllers produced. Phese workers reported that
early hay types, such as Irigh, which produce large numbers of flowering
heads weaken themgelves in the process. When the flowering shoot

axieLARY . .
elongates the ewmiriews buds are inhibited and relatively little leal
ig produced. This reduction in photosynthetic area must lower the rate
of carbohydrate production which means less materiel available to initi-

ate vegrowth after defoliation. They further state that, during flowering,
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there ig a movement of the reserve carbohydrates from the roots Lo the
flowerinz shoots which causes a stoorage in root srowth and loss in
welszht.  This has also been noted by Roberts and Hunt (1936), Baker
(1957), Weinmenn (1948), Jones (1958) and Roberts and Struckmeyer (1946).
Soper (1958) found that death of plantyg after flowering wag directly
proportional to the amount of flowering. Crider (1955) reported a
stoprage of root growth in grasses following defoliation.

Davies (1956) observed thet pagture cultivars regrew more quickly
after cutting than hay cultivars. This wag explained by a hynothegis
that, when a plant is cut during a period of head vroduction, any
reproductive tillers that are cut will die and that in conseuuence the
higher the ratio of fertile to barren tillers the more pronounced the
deoregsion in growth. Davies (1955) also showed that ?ersistence and
afternath shooting are related since a plant producing many heads in
autqmn cannot store a sufficient reserve. Ag autwm shooting is one
of' the characteristics of early cultivars thelir lack of persistence cen
be partly attributed to this habit.

Jones (1958) discussed an experiment with timothy cultivars in which
it was found that when cutting only removed vegetative portiong, without
damage to sbem spices, each tiller was capable of immediate regrowth.
When the stem apex was removed or damaged that tiller wasg incapable of
resrowbh and the basal buds were stimulated to row. These new tillers
werae, however, slower to develop than uninjured tillers. Barly cultivarg,
which are more ervect than Late cultivars will therefors suffer a sethack
as described, thus mekin~ their recovery after defoliation slow in compa-
rigon with orostrate, late cultivarsg. Davies (1952) atiributed the poor

nerslstence of early comaercial cultivers to thelr being wore erect end

v

mn

. 23 wher
in congeaucnce beinn eaten out by stock. According to Langer (1.959) when
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shoot apices weve removed by cutting,the ability of the plant to recover
was de@endent on the nuuber of vegetative tillers remaining and the capa-
city of the plant to produce new tillers.

sullivan & Sprague {1945) followed changes in the carbohydrate
content of perennial ryegrass roots following cutting and found that
the water soluble carbohydrate decreased {or a few days and then increa-
sed. This was congidered as evidence that these compounds wers in fact
regerve sgubstances that were mobilised to promote fresh growth after
cutting. When defolisted plants were placed in a davkroom, the goluble
cacbohydrates fell contlnucusly to the point of exhaustion thus showing
the necegsity for photogynthesis in replenighing the regerves. Contrary
to thig Mitchell (1954) found no evidence to suggsegt that after defolia-
tion the roots supplied carbohydrabes to the developing leaves. He was
of the opinion that the decrease in root growth following cubtting could
be explained by the failure of fresh assimilate to reach the rootg, rather
than a transference from the roots to the tops.

Mode of Competition

Weaver and Clements (1938) have defined competition as “essentislly
a decreage in the amount of water, nutrients or light availlable for each
individual®.  They largely discount competition for actual space both
above and below ground. Their findings suggested that the greatest
compelbition is between individuals or species which make gimilar demands
on the available autrients and light, and least among plants absoxbing
at different levels and whose vepetative development is at different
heights.

Varuna (1938) found that competition was usuelly most sgevere between
unlike specics but in some cases the reverse could be true. The general

pattern of competition outlined showed that similar individuals could
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exist together even if in an iwpoverished condition. Ag differences
between individuals developed there was a greater chance of one becoming
dominant over the other. Competition incressed up to a ﬁaximum as
divlerences widened, then, beyond this, competition decreased again
until a point wasg reached where the species were so different as to be
complementary in their growth habits and competition was at a miniwmum.

Such a sequence was suggested by Jones (1955) when he showed that
competition was greater between an early ryegrass and cocksfoot than
between an early ryegrass and bent (Agrostis spp.). ~ The bent was so
Late growing in spring that it did not interfere with the recovery period
of the early ryegrass whereas the cocksfoot did.

Davies (1928) considered that mutual sheding was the main factor
in compebition between plants. He largely discounted root competition
pointing out that Italian ryegrass was eoqually aggressive towards lucerne
and rough stalked meadow grass which exhibit completely contrasting root-
ing habits. Ahlgren and Aamodt (1939) on the other hand found harmful
root intevachtions between specieg. In subsequent investigations Donald
(1946) and Aberg, Johnson and Wilsie (1943) could not confirm that there
were any harmful root interactions and rejected this as a mode of compe-
tltion.

Varma (1938) and Benedict (L94L1) demonstrated that decaying roots
could produce toxlc compounds which would depress the growth oi an
assoclated plant. Varma's experiments with Brassicas algo suggested
that competition between plants mighlt be due in part to soluble toxic
substances exuded by living roots.

The importance of light in determining pasture yield is stressed
by Donald (1951) who seid that if water and nutrients are in adequate

supply the ceiling yield will be determined by competition for light.
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Mitchell (1953, 1953a, 1954, 1954a) demongbrated from a series of
investigations the role that light plays in the development of ryegrass
and algo the comparatvive ef'fects of defoliation and shading. He showed
that the rate of leal formation was dependent on the amount of light
available. Flants cut down to 1 inch and grown in a greenhouse which
excluded only 35% of available light soon produced numerous new tillers
but when severely shaded only 2 or 3 tillers developed in the next 27
days (1953a). Mitchell (1L9%54a) also found that shading to 30% daylight
gave as great a reduction in tissue formation ag two defoliations a week
apart. Another report by Mitchell and Coles (1955) indicated that the
numper of tillers foxmed by a plant was dépendenﬁ on the total light
energy available and not merely that genebtrating to the base of the
plant. Llucanus, Mitchell, Pritchard and Calder (1960) demonstrated how
shading ryegrass plants to 20 - 25% daylipght showed a reduced gurvival
in the ratio 100:5/. FoR UNSKADED AND SHADED PLANTS,

Davidson and Donald (1953) in their work with subterranean clover
(Trifolium subterranean Li.) maintained that as a plant grew the upper
leaves of the canopy shaded the lower ones to such an extent that the
regpiratory losses of the lower lecaveg were greater than thelr gain by
photogsynthesis. These leaves then became parasitic, obtaining thelr
metabolite by translocation from the upper leaveg. Should the Llower
parts of the plant become so deeply shaded that the respiratory losses
of the plant as a whole are greater than its photosynthetic activity, it
will die unless it discards some of the lower leaves. These statements
do, of course, refer to clover and, as pointed out by Brougheam (1958),
pagbure gpecies with narrow leaves will allow more light to pass into
the lower layers. Therefore a congiderable proportion of' all leaf

blades will receive gome lizht and senescence of lesves by shading will
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be reduced. Grass leaves can, however, exert a conglderable shading
effect as shown by Sprague and Gerber (1950) who found that cultting grass
when 1t was 6 - 10 inches high peraitted good clover development but
allowing 1t to reach a more advanced stage markedly reduced the amount of
clover present.

Blackman and Bleck (1959) reported & differential regponse to shad-
ing of cultivars of perennial ryegrass, cocksfoot and timothy. With
cockgfoot and timothy the early hay culiivars were least tolerant of

ps

shade. But comparing S.24 and 85.23 perennial ryegrass thay found that
5.23 wag superior in growth rate except in the deepest shade.

Norman (1960) in a series of trialswhich assessed the effects of
defoliation and competition under pasgture conditions showed how shading
can induce a plant to assume a more upright habit and go render itself
more valnerable to defoliation. e algo showed how competition can
increage the top root ratio which sgain weakens a plant after cutting
or grazing,and that selective grazing considerably reduces the relative
vigour of a spécies making it more easlly suppressed by subsequent compe-
tition.

The competition for Llight and nitrogen and the interaction between
them has been gbudied by Donald (1956) using perennial ryegrasgs as the
aggregsor gpecles and canary grass (Phalaris tuberosa, L.) ag the suppres-
sed species. The technique employed wag such that four levels of compe-
tition could be studied - no competition, competition for light, competition
for nitrogen and competition for both light and nitrogen. His results
showed that competition for nitrogen reduced leaf development in the canary
grass by 75560 Thus its capaciby to utilize Light was indirectly affected.
Similarly, shading of the canary grass by the ryegrass not only reduced

photosynthetic activity bulb reduced the uptake of nitrogen by 20%.  VWhen
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hoth forms of competition were operating the regultant depression of
canary grags was much lerger than the sun of the two separate formsg of
competition. The actusl effect on the canary grass was to reduce hoth
the gilze and number of tillers.

Ghipp@ndale (1932) demongtrated that seedlings of a suppressed
specles could persigt in an arregted form for a considerable time and
recover on the removal of the aggressgive spécies,

It is apparent that, when the supply of molsture and nutrients
are not limiting, the main factor in competition between pasture species
is mutual sheding. This effect is indirect because the plantg' reduced

ability to photosynthesise reduces the upteke of nutrients.




Bxperinent L.

The Yield, Pergigbency and Development

of Perennial Bvegrass Culbivars when Grown

Together Under sward Conditions.
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INIRODUCT ION

Ine use of contragting cultivers of perennial ryeprass in a seeds
wmixture ig justified by the hypothesgis that the varying growth cycles
will be complementary and result in a more cven digtribubtion of produc-~
tion. While the percentage of tillers of certain cultivars in mixbtures
has been investigafea Charles (1961), the actual contribution to seasonal
and total yield has never been determined.

Bxperiment 1 was degigned to provide information on thege aspects
by measuring the yield of cultivars of perennial ryegrass when grown
in the close assgociation of a sward and algso to vecord their persistence
and development. A condensed account of the techniques used in this
investigation has alrcady been published, Gerdner (1960a).

The culbivars chosen were Irish commercial, New Zealand Certified
(mother strain) and $.23, which are described as "stemmy-early”, "leafy-

early" and "late msturing", reaspectively.
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BEPERGUNNIAL — MIELEOD

Degien and Ureatments

The treatiments conglgted of 3 cubtving Lfrequencies applied to the
/ possible combinations of Irigh, New Zealand and 8.23 ryegrass.

A gplit-plolt randomised-block layoul was chosen as the treatments
readily lent thengelveg to thig arrangement. Since the greatest inte-
regt lay in the coaparigons between cultivar combinations these wers
treated as sub plobs. The cubtting~frequencles therefore became the

TREATALNTS
main gdgtm which was convenient for sampling since o conplete.messy plot

( Brocks)
could be cut at each date. With L replication§(this gave a total of
EYT
Sﬁ(plots.

The frequencies of cutting, which comprised the 3 main plots of
the experiment, were determined by the time taken for each cultivar to
reach a grazable height of 18 cm. when grown alone. Thus for the so-
called Irish cutting frequency all sub-plotg within this main ploh,
including its sub plotg of pure gowings of New Zealand, 8.23%, Irisgh and
thelyr combinations, were cut every time the pure gown Irish sub-plot
reached a height of 18 cm.

Similarly the New Zealand and $5.23 cutting freguencies were associ-

ated with the time when their New Zealand and 8.23% gub¥plols regpectively

re.ched 18 cm.
This meets the criticism frequently made of experiments comparing
early and late cultivars that one chosen frequency of cutiing will

favour one or other type and be disadvantageous to the other.
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Biguipment for Ldentification of Cultivars

Ag the three cultivars of ryegrass used are indigtinguishable
under pasbure conditiong a technique was deviged to allow rapid and
gagy Ldentification and sampling when the plants were growling in the
field.

The basic equipment was a wire mesh fixed at soll level in which
the plaats were grown. Galvanised steel rods §" diameter welded
together in a 2" square mesh were used (this material is sold commer-
cially as "Weldmesh" by the B.R.C. Engineering Co. Litd., Staiford).

Before placing the mesh in pogition the wires of each square,
within the sampling areas, were palnted elther red, blue or yellow as
shown in figures 1.1 and Ll.2. Thig colour code wag used throughout
the experiment to represent Irish, New Zealand and 5.23 ryegrass respec-
tively.

& sampling area consilsted of 36 squareg occupled by 1 cultivar or
by 18 plants of each of 2 culbivarg or by 12 plants of each of 3 culti-
Varse The %6 squares of the sampling area were surrounded by 2 discard
rows thus completing a plot. The arrangement of L replicate and the
detail of 2 plots are shown in figure L.3. A total of L740 plants was
reguired per replicate. Of these only 756 were actually used in samp-
ling, the remaindexr being necessary as discards to minimise edge effects.

Source of Seed

The S.23 seed was obtained from the Welsh Plant Breeding Btation

and the Lrish and New Zealand by arrangement with a seeds merchant.
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IS

Eigure 1.1

A complete replicate showing coloured sampling
areas.

The three main plots lie in the horizontal plane

and each one contains the same seven cultivar treatments
(sub plots).

figure 1.2 Wire mesh in position prior to planting.

The
coloured squares are the sampling areas.
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fguipmnent for Flant Propapation

Lo guard against the posgibility ol sceed being washed or blown from
one sqguare to another during the egtablishuent period the plants were
propagated in a greenhouse in individuwal paper containers by a modified
version of the technigue described by Mehlister (194.3). The congtruction
of the boxes (which held the paper containers) was simplified by nailing
short lengths of wood (5" x /8" x ") at 5" spacing at either end of a
hox. These being 5" thick allowed a degree of tolerance in the length
of the boxeg, which varied siightly, and provided support foxr the metal
slldes which held the paper containers in pogition while the box was being
filled. Figure 1. shows a partly filled box with ‘the slides in position
and figure l.5 a completed bhox.

Newsprint cut into 5" x 5" squares was used ag containers. The
square gection was obtained by wrapping the paper squares tightly around
the wood and metal device shown in figure L.6. Six squareg could be
shaped at a time, then slipped into position (in this also the method
differed irom that of Mcﬁlister). Approximately 750 containers were
fitted into each box and with 4 boxes per cultivar an ample margin was
allowed for possible loss of plants.

The goil to £ill the paper containerg was sleved and the equivalent

of % cwt. per acre 'Nitro-chalk' worked in befure filling.
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Figure 1.4 A box partly filled with paper containers. The
metal slides which held the paper containers in position while a
row was being completed can be seen.

Figure 1.5 A box completely filled by paper containers ready to
receive soil and seed. Twelve such boxes were required.
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Figure 1.6 Wooden block with metal edges used to shape paper
containers, one of which is also shown.



Propagation and Field Bgtablishaent of Planitg

The geeds were germinated on blotting paper then transferved to
an unheated greenhouse where one geed was planted in each container
during the last week of April 1957. A& 100/ stand was obtained bub
after a few weeks the plants were seen to be yellowing. Ihis was correc-
ted by watering on a solution of potasgium nitrate as it was suspected
that the breakdown of the paper containers was causing s nitrogen defi-
clency.

The field site was prepared by ploughing oul a meadow fescue sward
Lollowed by rotovation, levelling and rolling. Stones and weeds were
removed by hand. The wire meshes were laid in position and held flat
by looped wires and corner stakes driven inbto the ground. Dibbling the
plants into thelr pre-determined positions was commenced on June 28th
and conpleted by July 3rd, 1957. Pigure L.7 shows the plantg in their
paper containers at this stage and figure 1.8 gives a general view of the
L replicates with the artificial swards established.

Sampling

Ldentification of saupling areag The sampling area within each sub

plot was marked by 4 upright wires. The wire in one corner was painted
in the colour or colour combination represgenting the cultivars within
that area. Thege alds proved invaluable in speeding up sampling by
removing the necessily for counting sguares and facilitated the ideatifi-
cation of squares where the paint on the mesh had become obscured or
removed.

Bxpoging the gemple The late gsummer and autumn of 1957 was usged to

work out a sampling technique which could be rapidly executed, easily

demonstrated, and ensure identical treatment for every plant.
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Figure 1.7 Plants in paper containers at the time of planting out.

Figure 1.8 General view of the four replicates showing the
established awards which, at this time, had just been clipped.
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The first sbep wasg obviougly to expose the sampling area by cutting
away the discard rows. To ensure complete geparation of discard from
gsampling avea an abbtempt was made to alip a hardboard box over the 4
corner wireg of a sampling area then cubtbing away the discard plantsg,
removing the box, and taking the actual sample. Thig was found to be
very slow and was abandoned. It soon became obvious that a method of
enguring an even height of cutting was necessary as, with several people
sampling, the personal factor was certain to exert an influence.

Both of these problems were overcome by the use of pleces of hard-
board 2" high, slightly longer than the sampling area, and held in an
upright position by a block of wood (2" x 1") attached to one end (Figure
1.9). This was slipped along the dividing wire between the dlgcard and
sampling areas then eaéh plant of the digcard area wag gathered individu-
ally in one hand, pulled upright and cut with sheep shears resting on
the top edge of the hardboard.

Telking the sample Having exposed the plants to be gampled they were

cut row by row in a similar manner to the discard after pushing the
hardboard strip along behind the row bto be cut. 4Asg cach plant was
clipped its top-growth was placed in a wooden container of the same
colour as the square from which it came (fgure 1.10). This process
was repeated until all sgix yows of the sampling area had been cut. The
grass in the coloured boxes was then transferred to small cotton bags in
which it was oven dried. ovarnight at 98°¢G,

Bach spring it was found necessary to expose the surface of the
wires before sampling could commence ag they had, in many cases, become

obgeured by soil.
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Figure 1.9 Hardboard strip used in sampling to ensure a constant
height of cut suid to separate the rows.

Figure 1.10 Boxes for collection of herbage cut in the field.
Each division was coloured either red, blue or yellow to correspond
to the coloured squares of the wire mesh.
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By the end oi the second harvegt year when many squares of the mesh
were blank and some plants had spread beyond thelr original square,
charts of each plot were drawn on squared paper showing the pogition and
approximate shape of sach plant. Subgeyuent samplings were considerably
gpeeded up by consulting the charts.

Meagurement of FPlant Helght

The plant height measurements which decided when the plots were to
be cut were made on 4 randomly selected plantsg from each of the regpec—
tive gingle cultivar plots. The measurement wag done by gathering a
plant in one hand, pulling it upright and Judging the modal height against
a centimetre rule held at ground level. A cut was taken when the mean
modal height of the plants in the 4 replicates was 18 cu.

Pollowing planting in June 1957 all plotg received the equivalent .
of 3 cwt. 15% nitrochalk, 2 cwt. L8k supers and 1 cwt. 60% muriate of
potash per acre. On &pril 9th, 1958 all plots received ammonium phos-
phate and potassium nitrete in solution to give a dressing equivalent to
58.5 1be N, 80.6 Lb. P05 and 134 1b. Kp0.  Bubsequent to this all manur-
ing was on the bagis of the technique described by McNeur(1953) by which
a fertilizer mixbture approximating the chemical compogition of the hexr-
bage is applied in proportion to the amount of herbage removed. The
mixture employed consigted of sulphate of ammonia, superphosphate, muriate.
of potagh, blood and bone meal and dried blood. The chemical composition,
as a percentage of the dry matter, was, niltrogen 11..%, phosphate as ¥20s5
%e3%, potash as KpO 10.7% and organic matter 66.4%.  This mixture was
returned to the plots at the rate of 184 g. per lb. of herbage dry matter
removed. Ground limesbone, to correct acldity, was added to the mixbture

before application at 65 g. per 1b. of herbage dry matter.
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FPlant and Tiller Counts

Plant counts were made af'ter the firsgt cut each spring =nd asain
after the lagt cut each aubuwan.

Tillers were counted on 10th July, 1957 shortly after the plants
had been egtablished in the tield. Ag the cultivar combinations had
not had time to influence the regults only the plots containing a single
cultivar were counted. Twelve plants (along the 2 diagonals) were coun-
ted per plot,

Tiller counts were made on 6 plants of each culbivar in all plots
each autumn. The counts were made along the diagonals chogen at random
and where plants were migsing the counting wasg continued to neighbouring
rows until 6 were counted. At the final count in November 1960 all
plants were lifted and the tillers counted indoorg.  When moxe than 6
planta were pregent a sample was drawn by the uge of random numbers..

Statigbical bfnalysais

£11 basic data were analysed by the analysis of variance technigue.
The formula for sgignlficant differences for split plot analysis were
obtained from Cochrane and Cox (1957).

In the analysis of the data for tiller nmumbers per plant at July
1957 the design wag congidered to he a completely randomiged one, since
no treabtments had at that time been imposed, and the variability bebtween

cultivars was tested againgt the vardiability within cultivars.
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The results foxr each of the 3 harvest years of experiment 1 are
pregented in the following order.

(a) Dry matter yield of culbtivars growing alone and in mixbtures at each
cut and accumulatively.

(b) Effect on yield of combining cultivers.

(c) Percentage distribution of seasonal production.

(@) detual percentage, and potential percentage, contribution to yield
of the components of culbtivar mixtures at each cut and to annual
total.

(e) Plant and tiller numbers.

(£) Actual percentage, and potential percentage, contribution to tiller

production by the components of cultivar mixtures.

Lerminology

In referring to main plot cutting frequency treatments the follow-
ing terminology hag been adopted.

The main plot (containing the 7 sub plot cultivar treatments) cut
according to the growth of Irish ryegrass growing alone is temned
"Sgotion 1".

The main plot (containing the 7 sub plot cultiver treatments) cut
according to the growth of New Zealand ryegrass growing alone is termed
“Section 2".

The main plot {econtaining thé 7 sub plot cultivar treatments) cut
according to the growth of 5.23% ryegrass growing alone is termed

"Section 3".



Sbbreviatilons

Where the cultivar treatments are composed of one cultivar only the
full neme of the cultivar is used, i.e. lrish, New Zealand and 5.23.
Where the cultivar treatments are compoged of more than 1 cultivar,

they are abbreviated to the initial letter ol each cultivar present, i.e.

Lrigh + New Jealand ag 1N
Irigh + 8.23 "Is
New Zealand + 8.253 S

Irigh + New Zealand + 5.23 " IIS

Statigtical Interpretation

In all tables (unless where otherwise stated) the least significant
difierences (L.5.D.) at P<K0.05 are numbered from L - 4 and can be applied
in the following comparisong:-

1. Between cubbing section means (Main Plots).

2. " cultivar treatment means (Sub Plots).
3. " cultivar treatments within any cutting section.
La " cutting sectionsg of any cultivar treatment.

Where an "F" value failed to reach the rquifed level for gignifi-

cance this is denobed by the letters N.3.
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PIRST HARVEST . YIAR

Dry Matber Yield of Cultivars Growing Alone and in

Mixtures at Bach Cut and Accumulatively

Yield per Cut

The ylelds of dried herbage for the 9 cuts taken in 1958 and total
for 1958 are given in table 1.1 and diagrematically in figures L.11, 1.12
and L.13.

Cutting frequencieg Cutlting dates and intervals belween cubs are summar--

iged in table L.2. During the first year all 3 sections reached the
required 1O cm. growbth on 9 occasions. 1The dates of cubting sections
1 and 2 coincided for the first 4 cuts and thereafter section 1 was cut
at less freguent intervals go that by the avtumn 1t was being cut at, or
nearly at, the sane time as section 3.

The 8.23 behaved in a typical fashion and its section (No. 3) became
due for cutting late in the gpring but at shorter intervals during the
middle of the year.

The yield represented by the 18 cm. cut was high for the first cut,
averaging 31.8 g. with a range from 12.1 g. up t0 65.9 g. and much lower
for subsequent cubts ranging from 7.8 g. up to 25.6 g.

Significant differences between the sections means (main plot
treatments) were recorded at all cubs except cut 3 and cut 9 and also
for the total production for the year (see table A2.1).

Differences between cultivar treatment means (sub plot treatments)
were gignificant for all cuts except cuts 7, 8 and 9 and total for the
years

The interaction between gections and cultivar treabtments was sig-

nificant for cuts 5, 6 and  and Just failed to reach significance at
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Table 1.1 Yield of dry matter (grams per plot) during 19586 and total
for the year.

Cultivar Treatments L.5.D.
Cut Bection Date I N IN I WS INS %
1 8/5 [26. olls 9 23 8 8 26,9 20,5 22,9 23,5 1. = 6.1
1 2 8/5 “1976 12,9 17.7 2/ 6 22,8 22.2 20,2 19.6 2. = 5.7
3 26/5 65.9 L6\ 05.6160.0 1.5 48,0 51,8 52,3 3 & ) o= NS,
% 37.2 249 29.0 35.9 3Ll 31.6 32.6 31.8 C.V. = 21.7%
1 3/6 9.5 11.6 16.0 10,9 11.8 1.1 12.7 12.4 1. = 1.3
2 2 3/6 9.0 11.5 16.3% 11.0 12.2 11.7 10,1 11l.7 2. = 2.1
3 20/6 8.0 8.8 15.7 8.2 9.9 10.6 11.6 10.4 3 & 4 = N.5.
X 8.8 10,7 16.0 10,0 11.3 12.2 11.5 11.5 C.V. = 22.1%
1 24/6 12.0 11.2 18,2 12.8 16.9 13.9 16.1 Lh.d 1. = N.8,
3 2 24/6 11.0 8.8 143 11.3 14.0 15 5 12.3 12.5 2. = 1.9
3 /7 7.8 10.3 12.6 9.4 11.0 10.8 10.5 10.4 3 & 4 = N.3.
x 10.3 10.1 15,1 11.2 14.0 13.4 13.0 12.4 C.V. = 18.1%
1 7/7 10.2 12.4 16.3 11.9 Lhe7 Lhe3 13.2 13,3 1. = 1.1
L 2 7/7 10.1L 8,9 140 11.2 13.6 1.l 12.0 12.0 2. = 1.9
3 18/7 13.2 14.9 16.0 13,0 12.6 12,8 13.5 13.7 3% & kb = NS,
% 1Le2 12,1 1504 12,1 13%.7 13.7 12.9 13.0 C.V. = 17.7%
1 26/7 15.8 17.1 2%.9 19.2 21.% 19.1 20.2 19.5 L. = 2.k
5 2 2L/7 1%.2 12.9 16.2 16.1 17.8 17.7 141l 15.4 2. = 1,9
3 1/6 10.9 12.3 11.6 11.0 10.8 10.0 11.2 11.1 3. = 3,2
% 13,3 Ll 17.2 150 18.6 15,6 15.2 15.4 Le = 5.6
CoV. = .85
1 18/8 17.3 19.% 25.6 2L.h 22.2 22,0 21ol. 2Ll L. = 2.7
6 2 ?/8 12.7 11.7 15.5 1%.9 16.2 15.4. 12.3 1.0 2, 2,0
3 19/8 15,8 14,2 13,9 13,7 11.6 12.8 13.6 1%.7 3. = 3.5
x 5.3 15.0 13,0 16,0 18,7 16,9 16.0 16,4 L = 5.2
C.V. = 15%
1 2/9 12,7 12.6 15.1 13.1 13.9 13,4 13.1 13.4 1. = 1.6
7 2 27/9 11.1 9.6 11.3% 11.0 11.1 11.0 11,1 1L.L 2, 38 4 o=
ks °/9 12.2 11.6 10.6 9.5 9.1 9.6 10,0 10.4 3.
X 12,0 102 1.k 1.0 L1LL 10.6 11.) 11,6 DuV. = L6
1 16/9  11.2 31.0 11.9 6T T A 11.3 = 1.8
& 2 12/9 1.3 13,6 1%.9 Lh7 1%.2 14,2 12.7 13.8 2. = L3,
;2 l? _() 3:]__._;7 1107 1{302 1()92], 905 907 j«oo_) 100:5 3« = 2&}.
% 12.0. 12,0 12,0 12.0 11.1 11.7 11.5 11.9 L. = 2.5
C.V. = 12.3%
il 16/10 11.7 12.5 13.2 12.6 11.6 12.6 11.8 12.3 1, 2,+3 & 4
9 2 L/10 12.5 11.6 11.4 13.5 11.2 12.7 11.0 12.0 = N.8.
3 16/10 12.9 11.9 10.7 12,7 11l.3 12,4 12.2 12,0 C.V. = 15.4%
Py 12.-’.}. lgno 1-108 }.299 1101{- ].206 1106 1-201
Total L 127 124 164 138 150 146 143 1h2 L. = 13.0
for 2 11 101 131 126 132 135 116 122 2, 3 & L =
1958 3 158 142 147 148 130 137 148 14k N.8.
% 133 122 147 136 138 139 136 136 C.V. = 12.05%




Table L.2 Dates on which the sectionsg were cut durins 1958 and
intervals between cuts.

Section Cut 1. 2. 3, e B. 6. 7. 8. g,
1 Date of cut 8/5 3/6 20/6 /7 26/7 18/8 2/9 18/9 16/10
Interval
hetween cuts O 26 2. 13 19 2% 15 16 28
2 Date of cut 8/5 3/6 24/6 7/7 24/7 12/8 27/8 12/9 1,/10
Interval
betwean cuts 0 26 21 13 17 19 15 16 22
3 Date of cut 26/5 20/6 /7 18/7 1/6 19/8 2/9 17/9 16/10
Interval.
between cuts ¢ 25 b 1y 1y 18 1h 1B 29
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cut 1 and for total annual growth.  Where Ehis interaction was nov
significant differences between cultivar treatments within any one sec-
tion difvering from the mean valuss over all sections must be accepted
with reserve. Conversely where the interaction is significant results
averaged ovar all gections may nolb be very meaningful.

Firgt cutg At the early cut (May 8th) all cultivers were in the leafy

stage but when section 3 was cul (May 26th) the flowering heads of the

Irigh and New Zealand plants were extended and the herbage could be con-
gidered in the gilage stage. This was veflected in the greatly increa-

sed yield of all treatments at the later cub.

Averaged over the cutting sectionsg Irigh and New Zealand growing
alone were tﬁe highest and lowest yielders respectively. $5.2% alone
was intermediate, not significantly greater than New Zealand, but signi-
ficantly less than Irigh. The treatments combining cultivars formed a
group, within which there were no sgignificant differences. The yields
of thig group came between those of the high yielding Irigh and‘inter—
mediste S5.235. Within this group the mixtures where 9.23 originally
made up 50% of the plants (IS and NS) were significantly Lower yielding
then Irish but the other two, (IN and INg) pave yields not significantly
legg.

Although there was no gignificant interaction between sections and
cultivar treatments some diiverences were sufiliciently large and interest-
ing to merit comment. In the sectiong 1 end 2 the differcncesg between
the cultivars when growing alone were not large and could be ranked in
the same order (Irish S.23 New %ealand) in both sections. This would
be expected since both sections were cut on the sane day. In sectlion 3,

cut 18 days later, the yleld differences were much larger and New Zealand
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had overtaken 8.23 to rank next to Irish, which had greatly increased
its yield.

Also of dmportance was the fact that the yicld of the IN mixture
had markedly increased and was only slightly less than Irish alone,
whereas, the yield of the IS mixture was of the same order as 5.23% alone.
The mixture of all three cultivars (INS) was greaber than IS but still
below Irish alone or IN.

Second culbs  Sections 1 and 2 again repregented identical treatments
and thelr means and the ylields and rankings oi their sub vlot treatments
were very similar. Sectlon 3 gave a gigniiicantly lower yiéld and this
difference is of interest since the three cutting treatments concern
regrowbhg of 26, 26 and 25 days respectively. Hvidently the rate of
growth ol the treatments within section 3 was lesg, following a high
yield at cut 1 in which the plants had headed, than that of sections 1
and 2. It is interesting bo note that the yield of 8.23 growing alone
(the only cultivar which haé not headed abt either of the first cuts) did
not differ markedly in any section.

Couaparing the average yiél&s o the cultivar treatments over the
three cubting sectlong, the outgtanding feature was the high yileld of
5.23 compared to Irish and New Zealand which were not gignificantly
different. Of the treatments containing more than one cultivar thoge
with 8.23 were signiiicantly higher then Irish but not then New Zealand-
and all were sipnificantly less than 8.23%. The IN mixture yield came
between those of its constituents.

Third cuts Sections L and 2 were again cut on the same day, 21 days
after the second cut, and the interval between the second and third cuts
of sectbion 3 was only L& days. Thig indicates the more rapid growth

rate of .23 during thig period.
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0f the cultivars growing alone, 8.23 was again by far the highest
in yield (averaged over the three sections). The yields of Trish and
New Zealand grown alone were almogt identical.

It is noteworthy that all mixturves containing $3.23 gave relatively
high yields and only INS was Just significantly less than 3.23 alone.
The IV mixture while yilelding more than Lrish or New Zesland was nob
signifioantly greater and was still considerably below S.23 growing alone.
Tourth cutg Section 3 had one day more between cuts than sections 1
and 2 and produced a slightly higher yield. Up to this date sections
L and 2 had been cut the same number of times on the saume days but now
displayed slightly but significantly different yields. his could have
been cauged by the accunulative effect of the higher fertilizer retburns
wirlch had been made to gection L which had always yielded rather more
than gection 2.

Ag at the previous cuts the highest yields cane from plots where
B.23 wag growing alone or mixed with Irish or New Zealand and these treat-
ments were not significently different. Lrish and New Zealand growing
alone and their combination were the lowegl ylielderg and again did not
differ gignificantly. Vhere all three cultivars were growing btogether
an intermediate yield regullted which was significantly lesg than S5.23
alone but not significantly higher thaa elther Irish or Wew Zealand.
¥ifth cuts Section 1 was cub two days alter section 2 indicating a
reduction in the growth rate of Irigh prowing alone. Section 3 had
three fewer regrowth days than section 2 and this was reflected in the
averaze yield which was significantly lower than the other sections.

The section L yield was significantly higher than that of gection 2.
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The interaction between cutting sections and cultivar treatments
was sglgnificant and was apparent in the fact that there were no slgni=-
ficant differences between the treatments in section 3, whereas in sec-
tion 1 8.23 outyielded both Irigh and New Zealand and was only signifi-
cantly approached in yield by the IS mixture. Irigh growing alone was
significantly less than all other cultivar treatments but New Zealand
was only significantly less than the two highest (S.23 and S.23 + Irish).

In section 2 the IS and NS combinations were highest in yield
although not gignificantly greater than 5.23 alone or the IN combination.
New Zealand was the lowest yielding treatment, gignificantly less than

| 9.23% and the IS and NS mixbures.

Comparing the yields of the same cultivar treatments in the different
sectiong, it can be geen that neither Irigh nor New Zealand differed
gighnificantly from seﬁtion to section but, S.23 gave a significantly
higher yield in gection 1 which had the longest interval between cuts.
All other cultivar treatments increased significantly bebtween sections
3 and 1 and the IS and NS mixtures algo showed significant increases
between the sectiong 3 and 2.

Sixth cutg There were 23 days between the fifth and sixth cuts of
section 1 and 19 and 18 days for sections 2 and 3 respectively. This
meant that section 1, which was 18 days ahead of section 3 at the first
cub, was now only one day ahead and represented a less intensive utili-
zation cycle for the plants in section 1. Section 2 wag cut seven days
before section 1 which showed a loss of eleven days from the first cut.
Thege differences in cutting frequencies are mentioned as they highlight
the relative growth rates of the cultivars growing alone. 4s a result

“” of the longer growing period afforded section 1 for this cut its mean

yield was significantly higher than sections 2 and 3.
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S.2)7 was the highest in yield in section 1 but not significantly
greater than IS or N3.  Lrigh occubied the lowest position and was
glgnificantly lower ylelding than all treatments except New Zealand.

In gection 2, IS was highest in yield but there were no signirficant

ditferences between treatments except for Wew Zealand which was signi-

ficantly lower than S.23, L3 and N3.

In section 3 a different picture emerged, Irish being the highest
in yield and I8 the Llowest. The only significant difference was bet-
ween these cxlreme yields.

Seventh cuts Only the mean ylelds of the cubtting sections were smigni-

ficantly different at these cuts when it wag seen that section 3 yield
wag lowegt and gignificantly go from that of gection L.

The yields of the cultbivar treatmenls were very close and not
glgnificantly different bubt on average 8.23 produced slightly more than
any other treatment.
ighth cutg At this time section 2 mean yield was greater than the
other two sectlons although all had had a nearly equal time for regrowth.

The mean cultivar treatments ylelds were nolt significantly diffe-
rent but the interaction of gections and cultivar treatments was and
therefore only means within the body of the table will he compared.

In section 1 all yields were extremely close and not significantly
different aand the same was true in sectlon 2 although the range between
highegt and lowest was greater. In section 3 the IS mixture gave the
lowest yield and was significantly less than Irish or New Zealand grow-
ing alone which were identical and slightly higher than all others.

The interesbing fact emerging from this table was that 3.2 and
its mixtures were no longer the highest yielders and in the instance .

noted above gave less than Irish or New Zealand.
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Ninth cuts No significant differences were recorded between any
treatments in these cuts and an examination oi the means shows them
to be indeed very alike. Sections 1 and 3 could have been cut one
week before they were as the modal height had been static Jjust below
18 cm. from that tine. The further week had been allowed to see if
further growth would take place.

Total for 1958 Comparing the mean yields for the three cutting sco-

tions, section 2 was significantly lower, due probably to more frequent
cutting. The "B values for cultivar treatments and their interaction
with cutting frequencies aid not quite reach significance at the Hjo
Level but some of the observed diiferences are worthy of comment.

The early maturing cultivars (lrish and New Zealand) gave their
highest yields in section 3 which had been cut latest in spring, and
Irigh wag in fact the top yilelder. In the other sections, however,
both Trigh and New Zesland were conglderably outylelded by $5.23.

None of the mixbures containing $5.23 gave a gubgbantially greater
yield than $5.23 alone and in most cascs the yield was lower.  The IN
mixture, however, wag sguperior to Irish or New Zealand in both sections
1 and 2 and slightly greater than New Zealand in section 3.

Accuwnulative Yileld

The accwnulative yileld of all cultivar treatments during 1958 are
pregented in figures 1.1k, 1.15 and 1.16 for sectiong 1, 2 and 3 rea-
pectively-.

Section 1 The range of yields was small at the beginning of the season
and gradually widened so that total yields showed a conglderable alver-

sence in nroductivity.
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Congideriny firgt the cultivars growing alone, Trish commenced
the year above New Zealand and $.23%; but, due to a lower growbth rate,
it was overtslen by 5,23 by the beglnning of June. Subsequently, the
rate of growth of Irish was less than that of either 5.23 or New Zealand,
being closer to the latter then the former. It finished with a similar
vield to that of New Zealand but well below that of 8.23. 5.23, ag has
been stated, displayed a very rapid growth rate during May and June and
by the second cut had produced more than any other trestment. This
high rate of production was malntained and gradually put S.23 well above
Irish or New Zealand. New Zealand wag the lowest yielder at cut 1 and,
although its subseguent srowth rate was equivalent fo that of Iyigh, did
not make up for the initial deficiency and was the lowest at every cut.

The TH combination proved rather more productive than either of
itg components from mid-seagon onwardg when its growth cuwvve began to
dlverss from those of Irish and New Zealand.  Although rather better in
total than its componentg, it still ranked below all other treatments.
The IS mixbture benefited at the first cut by the vresence of the slightly
hisher yielding Trish and thereafter, followed the 8.23 curve when the

L1

Irigh ‘vowth rate was falling off. The NS wmixiture behaved in a somewhatl

-

giilar manner in that it followed more clogely the 5.23 pattern and wag
more productive than New Zealand. The combination of all 3 cultivars
did not reflect the higher sarly growth of Irish and thereaffer occupled
an intermediate vositiod between the hiph yielding 5.23 and the lower
Trigh and New Zealand. The IN3 curve was almost identicel to that of
the I8 mixture.

Section 2 As sections 1 and 2 were cut on the same days for the first

L. cubs the zeneral forn of both sravhs wos similor, Wew Zealand and




Irigh still ranked Delow all others although the Trish wowth rate was

noticably better over the latber pert of the season in gection 2.

and 1ts mixtures with Irish and New Zealand fomied a very

il

-
PR

E.‘.Z

cloge jroun which esbtablished itsg superiority over the obther trextment

0

by its sreater rate of growth in late sering and early summer. The IX¥
mixture was again rather more productive than either of its componenis.
Itg yield was similar to Irish up to the end of June, then its rate of
growth increased sliphtly while Irish and New Zealand wemained steady.
The INS mixtbure agsin displayed an intermediate rate of growth which,
if anything, placed it nearer to its lower yielding Irish and New Zenland
components
Section 3 Thig section presented a quite different, and very interest-
ing, plcture from gections 1 and 2. The later first cut had put Irigh
well shead dinitially, but it was able to rebain this vosition despite a
period,; following the firgt cut, of reduced growth rate. Bvidently
the cutting seguence had favoured Irish as instead of showing a fall
off in vroductlvity in the second half of the season, as was the tendency
in gection 1, it actually slightly widened the gap between it and the
next mogt productive treatment. New Zealand ~rowth was slow up to June
25th then rapidly picked up end in the Au ugt-3entewnber period displayed
a relatively high rate of increase. The late maturing 3.23% had a typi-~
cal «rowth curve, low in early spring, rising sharply in May, June end
July, then holding a falrly congtant rate t1ll the end of the seasgon.
Unlike gections 1 and 2 the mixtures of $.23 with Irish and New
Zealand did not follow the 85.2% pattern and wece both obviously influen-
ced by their ecarly maturing components in the June-duly period. This
meant that, although 5.23 wag srowing rapldly at this time, the I3 and

NG mixbures were held back and their accumulated yields fell below that
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of 8.23. It is of particular interest that, at cut 1, the IS yield
wag low and similar to 5.2%, while Lrish showed a markedly greater yield.
Phe growth of the IN mixture clogely resembled that of Trish but
wag algo influenced by WNew Zealand as when that cultivar's growth rate
increased in early July so aid the IN mixture. The NS treatment yiel-
ded more than 8.23 or New Zealand at the first cub, due to its Irish
component, and subsequently benelfited by the higher growth rate of 8.23
and wasg almogt identical with it for the regt of the geason.
The management ol section 3 resulted in a gwaller spread of ulti-
mate yields than did sections 1 and 2. In section 3, the ultimate
yield and, except for 5.23, the ranking of yields was largely determined

by the yields obtained at the late first cut.
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The Bffect on Yield of Coubining Cultivars

The yields of cultivar mixtures, relative to thelr components,
are given in figure L.1l7 as percentage increases, or decreases, compa-
red to either Irish, New Zealand or $.23 growing alone.

It is not intended that a close scrubiny should be made of the
individual differences since thege have already been dealt with in
table 1.1, The intention in including figure 1L.17 is to present the
results in a slightly different form which, it i1s hoped, helps to clar-
ify the cultivar mixture/yicld relationships by giving a general picture
of what had occurred.

Yields of Mixtures Containing Irish Relative to Irish Growine Alone

I'he top 3 graphs in figure L.17 show Irish alone as zero and the
combinationg of Irigh with the other cultivars relative to this. Thus
in the first cut of section 1 the I, LMY and IS treatuwents gave respec-
bive yields 5% and 12% below and 3% above Irigh alone. The yields of
all mixtures were subgecuently greater than lrigh uwtil September 18th
when there were virtually no differences. On the total for the year
IN, I8 and INS all showed t0 advantage compared to Irish.

In gection 2 the pattern was similar and on total growth IN and
IS exceeded Irish by over 10% while INS ghowed a very small increase.

The cutting sequence of section % altered the yield patbtern and,
apart from the cuts taken on June 20th and July 4th, all mixtures were
less, or little better than Irish. The accumulated growth for the

year, of the mixtures, was less than Iyrish.
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Tields oi Mixbures Containing New Zealand Relative to New Zealand Growing

Alone

The middle three graphs in figure L.17 show New Zealand alone as
zerd and the combinationg of New Zealand with the other cultivars rela-—
tive to this.

In gection 1 the yields of the mixbtures were congiderably higher
than New Zesland at the first cut. The increages gradually lessened
over the seagon unbil at the second lagt cut all mixtures were producing
glightly less than New Zealand. On the total for the year, however,
the mixtures of New Zealand with the other cultivars were better than
Wew Zealand alone.

The increases over New Zealand were much more marked in section 2
and all mixbtures performed better than New Zealand, especially HS.

The taking of a late spring cut showed New Zealand to better advan-
tage and, in gection 3, the increaseé over New Zealand alone were mogbly
confined to the early part of the season. Only small deviationg from
the New Zealand total yleld were recorded.

Yields of Mixitures Containing 3.23 Relative to 3.23 Growing Alone

The bottom three graphs in figure l.17 show $.23 alone as #ero
and its combinations with the other cultivars relative to thig.

In all sections a similar patbern appeared as, apart from the first
cut, the yvields of the mixtures were, in general, lower than S.235.

Thig was especially noticable in gection L.
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Fercentage Distribution of Seasonal Froduction

One of Lhe advantages claimed for mixing cultivars of varying
growth cycles ig that a more level seasonal production results. lable
1.3 ghows the seagonal production of the various btreatments expressed
ag percentages of total yileld.
Beection 1 The largest differences in percentage digtribution of
yield occurred at the firgt cut where the Irigh alone was congiderably
higher than the New Zealand or S8.23 alone. Combining New Zealand and/
or 5.23‘with Lyish gave a percentage distribution inbermediate between
the contrasting cultivarg. The N8 treatment resulted in a slightly
higher percentage than elther New Zealand or 8.23% alone. Over the rest
of the year the differences between cultivar combinations seldom excee-~
ded L or 2% and it would be difficult to draw any conclusions. It wag
noticable that the large percentage given by Irigh in the firgt cut was
balanced by slightly lower percentages at the next three cuts and more
markedly by a Lower production at the second flush in the July-August
period. It did, however, appear that in spring there was some slight
advantage in smoothing out seasonal production by combining ILrish and
5.23 pr Irish and New Zealand or all three.
8ection 2 Compared to section 1 the more frequent cutting in the
middle and later part of the season cauged a glight ghift in the dis-
tribution of yield. The July-bugust flush was reduced and a greater
proportion of the yield occurred in the late summer and autumo. Within
this general pattern there were still the differences due to the culti-
Varsge.

New Zealand and 8.23 growing alone agein gave a smaller percentage

of their total yield at the first cut than Irish. Also, as in section 1,




Yable 1.3 Percentage distribution of total yield during 1958.

Section L. Date of Cut

&/s 36 2/6 /1 26/7. 18/8  2/9  18/9  16/10

Cut 1 2 3 N 5 6 7 8 9
I 20 8 9 8 12 1. 10 9 9
N 1% 9 9 10 1 16 10 9 10 v
S 1 10 11 1.0 1 16 9 7 8
IN 18 8 9 9 1 16 10 8 9
Is 18 8 11 10 1 15. 9, 7 8 o v
NS 17 10 10 1.0 13 15 9 8 9
NS 16 9 11, 9 1, 15 9 8 3

Section 2.

8/5  3/6 2n/6 i1 a/7 12/8  27/8  12/9  u/10

r 17 3 10 9 12 11 10 12 1L
N 1z i1l 9 9 15 12 10 1) 12
5 14 12 11 11 2 12 9 1L 2
IN 18 9 9 9 13 11 9 12 1l
s 17 9 11 10 13 12 8 10 8
Ng 16 9 11 10 13 1l 9 1.0 9
s 17 9 1l 10 1.2 1L 10 1L 10

Section 3.

26/5  20/9 /7 18/7 /8 19/8  2/9  17/9  16/10

L 42 5 5 8 7 10 8 7 8

N 33 6 7 10 9 10 8 8 8

3 3 11 8 11 8 9 7 7 7
N 6 6 9 7 9 6 7 &
I8 3L 8 8 1Q 8 9 7 7 9
RS 35 8 8 9 7 9 K 7 9
s 37 8 7 9 8 9 7 7 8




the N8 treatment gave sglightly more than New Zealand or S.23 separa-
tely. Mixtures containing Lrigh were sgimilar to Irish grown alone.

At the second cut the pure sown New Zealand and S.23 percentages
were higher than all other treatments and compensated their lower pro-
portion in the first cubt. The proportions of total yicld given hy
mixturce of the cultbtivars were nearer thé Irish value than the higher
New Zealand and 8.23. Taking the first and second cuts together the
proportions of total yield produced by all treatments were very similar.
In the third and fourth cuts $.23 and mixtures containins it gave a
gli htly higher porcentage than the otherg. During the next two cubs
there was 1ittle variation in percentage digtributbtion and in the Labtbter
part of the season Irish and New Zealand cultivars tended to give a
greater percentage than 5.23. The I8 and NS mixtures followed the
B.2% pattern and the INS that of the early cultivars.

Section 3 & completely different jrowth pattern was obvained in sec-
tion 3 by delaying the first cut until May 26th, 10 days af'ter the other
sections. Puring thig period growth was very rapid and the percentage
of total yield obtained was more than double that in the other sections.
The greatest increase was from New Zealand and expressed as a percentage
over the mean of the other sections it amounted to 164%, while the Irish
and 8.23% ghowed respective increases of 127 and 121%. Yield was very
evenly distributed throughout the remainder of the seasm and the autumn_
flush was much less marked than in the other sections.

The IN mixture at the first cut tended towards the figure for Irigh
alone and the IS mixture was nearer to 5.23. The IN3 treatment was
about intermediate between the early and late groups, and the NS combi-

nation exceeded the averaze of New Zealand and .23 bY 3o
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At the gecond cut the percentage of Irigh and New Zealand was
markedly lower than that of $5.23, and btreatments contalning 5.23 were
intermediate to these groups. At subsequent cuts the variation beb-

e

ween treatmentsg was small.
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Actual Fercentage, and Fobential Fercentage,

Contribution to ¥ield by the Components of

Cultivar Mixtures at Mech Cut and %o

Annual Yield

Actual Contribubion

Lreish ryegrass

The percentage contribution to total yield made by Irish ryegrass
when growing with New Zealand and/or 8.23 is shown in table 1.J. and
figures l.11, 1.12 and L.13,
Mipst cubs Growing with New Zealand or 5.23 the amounts contributed
by Irigh were not significantly different and were what could bhe expec—
ted from a combination of 50% of each cultivar, if both were equally
productive. The fact that there was no increase in Irish contribution
in the IS8 {treatument in secltion 3 when Irigh growing alone showed a mar-
ked increase in yileld over 8.23 alone weflects the competitive influence
of S8.23 on Irigh. The effect of hoth New Zealand and 8.23 on Lrish
was similar to either alone asg, it will be remembered, oaly % of the
area was planted to Irigh in the 1NS mixture and therefore the 35/
contribution by Irish in the INS mixture was approximately the figure
that.coula have been expected.
Becond cubts Bven at these second cuts the more aggressive nature of
B8.23 was evident and the contribution of Lrigh was reduced to 32/ com-
pared to 41% with New Zealand. The effect of hoth together on Irigh
was of course to reduce its contribution which was only 23% of the
total yield.
Third cuts The position estéblished at the previous cuts was maintained
with Irigh contributing less when in combination with S8.23 than with

Hew Zealand.
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Fourth cuts The agrressiveness of 8.2% towards Irish was even more
marked at these cuts and the contwibution of Irigh fell to an averase
fipure of 25 over the 3 sections. With New Zeanland and New Zealand
plug 5.23 Irigh held its »reviougly established place but still showed
a reduction. There was a tendency for a higher contwibution from Irish
in gsection 3.

Fifth cuts Yhe results obtained at these cubs were very gimilar to
the previous ones and gtill showed a greater reduction due to 5.23.
Sixth cuts The Irish contribution was as before with regard to
companion cultivar but, with all combinations, the contribution was
gignificantly higher in sgection 3, a trend which had been noted in

the two previous cutbs.

Seventh, eighth and ninth cuts A hipgher contribution in section 3

wag apparent at these cubs althousgh not gignificant at the 7th cuts.
The contribution with New Zealand ana/or 8.23 remained gteady showing
little difference from the pogition obtalned at the second cuts in
June. Irish made its greatest contribution in association with New
Zealand and its least with 5.23. With both together the contribution
was intermediate.

Total for 1958 Congiderins the year ag a whole there were no gignifi-
cant differences between cutting sections but the contribution of Irigh
was reduced when 1t was grown with any of the other cultivars. With
New Zealand, 8.23 and New Zesland + 8.2% the average percentage contri-

butions were respectively 42, 32 and 26.
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New Zenland rvesrass

The percentege contributions to total yield by New Zealand when
in association with Irigh and/or 8.23% are ziven in table 1.5 and flgures
.11, 1.12 and 1.13.
Firgt cuts  The yield from the IN treatment was composed of sglightly
more New Zealand than Irigh while with 3.23 the New Zealand had a deci-
ded advantage and provided 61% of the growth. In combination with
Ivish and S.23% New Zealand contribubed one third of the total. It is
interesting to noke that, in sections 1 and 2, the actual yield of Wew
%ealand when in assoclation with Irvish or 85.23 was practicslly as great
as from New Zealand growing alone (Figures 1,11 and 1.12) despite the
fact that there were twice the number of New Zealand plants in the plots
containing only one cultivar.
Segond cutg By the second cuts the contribution of New Zealand with
Lrigh had risen to 59% which was significantly oreater than with 5.23%
which had fallen from 61% in the first cuts to 45%. In combination
with both cultivars the influence of 3.23 waz the gstronger and causged
a slight reduction in the New Zealand contribution.

Third = ninth cuts These seven cuts can be congidered together since

the contribution of New Zealand was fairly consgtant throughout.
Fith Irish the percentage of New Zealand only varied between 58

-

and 59 averajed over the % sections. The percentage was always Llower

in section 3 bub not sufficiently to give statlstical simificance.
After its initial flush of growth, New Zealand with 5.23 was

siroresse} and varied between a moaximum of 42 ot the 8th and 9th cubs

. -t . a0 A . = sl
5o a miniowm of 360 at the 5t and 7th cubs. In thisg asasccliotlion, the

trend wes for & hisher New Zsaland contribution in the section 2.
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Waen all 7 eolibivarg were svowine tosether the New Zealand con-
tribution never Pell helow 23: or exceeded 26 cvorased over the 3
sectiong: ut there wog 2 trend touards 2 hicher parcents e in sec-

tion 3.

Total for 1958  Within $he sanual total yield, the Now Zealand share

. .

was sisnificantly hizher when in aggociation with Lyish then with 3.27.
In combirstion with both cultivars, 27 of the vield wss oroduced by
New dealand. The diffferences 1n contribution between the sections
were not glmificant.

) e
S5.2% rverrasy

The percentage contributlions to total yield by 5.23 when in associa~
tion with Trish and/or New Zealand are given in table 1.6 and figures
1.1, 1.12 and l.13.

Mrat gubts S.23% supplied half the yield of the IS treatment and the
timing of the first cut had little effect on thisg fisure. With New
Zealand the 8.2% contribution was significantly less at 39% and tended

to be lower at the later cut. This trend was more marked when 5.23
wag growing with Irish plug New Zealand but on average the 5.23 held
its own and conbributed %2% of the yield.

Second and third cuts By this time the S.23 was growing strongly and

had congiderably increased its percentage contribution to 68 and 69%
in the I8 mixture for the second and third cuts respectively. There
wag a nearly proportional increase in the IN and INS treatments. The
effect of time of cubtting was not signiificant.

Pourth - ninth cuts Durinc the remainder of the year the contribution

of 8.23 with Irish remained avound the 75 level. The New Zealand,
however, was not suppressed to guch a degrec and the 5.23 percentage

never roge above Gle  With Irish plus New Zealand theve wag a greater
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proportional rise in the percentage of .23 and in the Lih, 5th and
&th cuts there was no significant difference between the NS and IN3
treatments.

The effect of date of cutting was never significant but the
tendency was for a lower percentage of 3.23 in section 3.

Total for 1958 8.23 made its greatest average conbribution (684%
() [y «) ¢

when in agsoclation with Irish and the regults for the N3 and INS mix-
tures were not significantly different at 55 and % respectively.

Polential Contribution

The percentage contribution to the total yields of the mixtures
piven in tables Loh, 1.5 and 1.6 are important in that they show the
actual contribution made by each cultivar when compebing with an asso-
ciated cultivar or cultivars. ‘“Yhey do, in addition, reflect in some
dezree these competitive relationsghips bub take no account of the
varying ylelds of the culbivars when growing alone, free fran compelbi-
tion. In order to measure bthe increages or decreages cauged by asso-
ciated cultivars it is necegsary to construct a table showing what the
potential contwibubtion of any cultivar would have been if there had
been no compebition. By compawing this with the actual contribution
an estimate of the competitive influence can be made.

This comparigson can be made visually in fiqures 1.11, 1.12 and
1.1% by comparing the actual yield of a cultivar in a mixture with
that of a cultivar growin: alone. Thus, if the helsht of the hisbto-
sran representing the yicld of a cultivar, in a mixtuce of 2 culbivars,
ig less than half of the heicht of the coluun repregenting that culti-
var alone a suoression in the mixture would be indicated. Where the

3 cultivers are crowing together a colum heisht grester or less than
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4 : T g 3
= o the regpective cultilvars nrowins alone would forim the basis for

o

Since these coannrlsong are did

¥

canparigon. feovlt to acke by eye and
in any c.se ave not pracise, tables L.7, 1.8 and 1.2 ave haeen congbruc-—
ted and show the numerical resulbe of thege compsrisons

The caloulationg invelved in the construction of table 1.7 are
as follows. In the first cut, the fisure of 62 iz show as being
the percentaze contribution of Irish when growins with New Zealand
in gechbion 1. This was avvived at by exnressing the yields of Trish
and New Zealand crowing alone ag a percentare of thelr combined yield.
The figure of 62 wos produced (see table L.1) by the follo owing calcu-
lation:-

(26,0 + 15.9) = 41.9

. v contribution of Irish = 26.0 x 200 - 4o

The remainder of table 1.7 and tables 1.8 and 1.9 were nroduced
in a gimilar manner. The comparisons of these potential, or hypothe-
tical, contributions with the actual contributions are shown as devia-
tions from the potential contributions. In this manner a measure of
the effects of inter-cultivar competition on yield can be obtained.

It is possible to express the deviationg as percentage depresgiong or

increases from the potential contribution ag follows:-

N
L

P2

[

(a) mean depression due to presence of NeZ. :-28 Ao

e

(b) mean depression due to pregence of 3.23 = ii x 100 = 125

= 6. x 199 = 15%

(c) mean depression due to presence of N.Z. + 3.23 5%
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Trish rvesrass

Teble 1.7 presents thig data for Irigh ryesrass during 1958 and
the overall picture ig of depression from ite potential contribution
as, in only one instance in cut 2 and in cut 3, were positive devia-
tions recorded.

Mirst cuts In all combinations, the growth of Irish was suppressed
and the influence of New Zealand was oreather than 8.23. With all 3
cultivarg tosether the effect on Irigh was intermediate.

An dnteresting asvect of the association with 3.2% was the devia—
tion of ~13 in section 3 which %ook place at a time when Irish was
growin: strongly and 8.23 just entering the gsten elongation phase.
Second cutsz In this cut the suppression of Irish was not so gevere
and of a gimilar magnitude in-all combinations with a glight trend

towards a smaller depresgion in the section 3 except in coubination

with New Zesland.

cutg The more agpgressive nature of 8.23 compared to New Zealand
was digsplayed in this cut hut the sreatest depression of Irish was in
combination with both New Zealand and 5.23. Trigh ceriormed markedly
hetter in section 3 and in the presence of New Zealand displayed its

only vositive deviation which was a complete reversal from cut 2.

Jourth -~ ninth cutg During the rewmalnder of the year the effect of

New Zealand on Irish 4id not alter aporeciably and averaged around a
16% depression. The suppressive influence was, however, always leagt
n gection 3 and :reatest in gection 2.

The suppression due to 3.23 became progressively greater from
cut Lo cut and averaped, in the last two cuts, L7%. This was, more

or less, evenly expressed in all sectliong.
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With both New Zealand and 5.23 competing with Irigh, the devres-
sion was intermediate between those resulting from either one szingly,
varied around 30/ and was always hiphest in section 2,

Total forxr 1958 In the total for the year the same seneral influences

as mentlioned above were apparent, 5.23 being more a ressive then New
Aealand and their combined effect intermediate.

New Zealand rvegrass

Table 1.8 shows the potential percentae contributions of New
Zealand and the deviations of the actual contributionsg. The general
impregsion of the results was of an incerease in New Zealand jrowth in
agsociation with Irish and aa annroximately egual share of nroduction
with 3.23, With both actin; tosether New Zealand avvearsed to he
s1i Wtly deoressed.

Mirgt cuts  New Zcoland wag the asjor contributer in asscelation

wAsh hoth Irigh ond 8.23, the contzivvtion with 3.23 being slishtly
higher bus as a2 povcentapge over potential sliphtly lesa. Mew Zealand

also excseded its potential yield in combinabion with Trigh »lvs 3.23

bt bo o smaller exbtent than with eltner ginly. The differences
bobvee. gectiong were not large.

his period New denland was s%ill dowminatin; asseocio-

o

Sgeond cuts 4B
ted Trish and on avera.e was also exceedin ; its votential with H.23.
It should, however, be nobiced that althoush in fact 5.237 was heing
sLlizhtly suporessed it was gtill contributing over 50% of the yield.
The mean effect of Irish plug $5.23 was to sliphtly depress the New
%Zealand percentage relative to its potential. liew Zealand tended to
do rather hetter in the sections 2 and 3 but the differences were not

large.
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dhird cutg NeW‘Zéaland again showed an average positive deviation
in combination with Irigh bubt this was compoged of ih%rly subgtantial
increases in the sections L and 2 and a gmall depression in section 3.
The influence of 8.23 was algo variable over the cutting sections
being nil in section 1, +9 in gection 2 and -6 in section 3. With
the 3 cultivars together the average effect was depressive and was
mogt e&ident in section 3. The average effects of gections showed
that New Zealand was suppressing its companions in sections L and 2

but wasg being suppressed in section 3.

Pourth = ninth cuts The competitive effects over the remaining cubs

were relatively congtant.

New Zealand suppressed Irish growth at all cubts and in all sec-
tions except gection 3 where its effect was very much legs or non-
exigbent. With 8.23 the results were quite difiterent and New Zealand
was suppressed in both gectiong 1 and 3, Dut held its own azainst the
8.23 in gection 2. The most conglstent effect resulted when Irish
plus 8.23% were competing with New Zealand which was suppressed on all
occagions and, to a greater degree than it was when only competing
with 85.23.

Potal. for 1958  On total yield New Zealand had increased its contribu-

tion, relative to its potential, by over 10% when in association with
Irigh; the increase being slightly lower in section 3.

On average, the competitive effect of 5.23 was zero bubt varied
slightly between sections; section 2 again showing a slight gain fox
New Zealand.

e combined effect of hoth Lrigh and $5.23 was to suppress New

Zealand slipghtly and was highest in section 1 and lowest in section 3.
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5.2% rvesrags

Table 1.9 shows the potential percentage contributions of $.23
and the deviations of the actual contributions. The main points in
this table were the suppresgion of Irish by $.23 and the fairly even
balance achieved in combination with New Zealand.
Pirgt cuts Irish was suppressed by $.23 right from the first cub
egpecially when this was delayed until May 26th. New Zealand on the
other hand suppresged the 5.23 production to a greater degree than the
Irish was suppressed by $.23. With both Irish and New Zealand acting
together the 8.23 was able to offget it suppression by New Zealand
againgt its gain in company with Lirish, with the result that, averaged
over the gections, the contribution of 8.23 was waffected by compebi-
tion,.
Second cuts S.23 ghowed a small gain in association with Irigh and a
small depression with New Zealand derived from gections 2 and 3. Few
Zealand plus Irigh depressed 5.23 in gection 3 but allowed an increase
in the other sections.
Third cuts S.23 had increased its suppression of Irish and was practi-
cally unaffected by New Zealand except in section 2. 5.23 also suppres-
gsed both Irish and New Zealand when all 3 were together bub, ag would
be expected, the mosgt suppressed was Irish. Thig fact can he verified
by reference to tables 1.6 and 1.7 where it will be seen that at the
third cuts the average effect of the ING mixture on Irigh was to give
a -8 deviation and on New Zealand a ~2 deviation.

Pourth — ninth cutg During this period the increase of 8.23 at the

expense of Irish continued progressively and balanced the diminution
of Trish contribution seen in table 1.6 which finally amounted to a

guppression of 47% of its pobential.
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New Zealand, as was also previously seen, was slightly suppressed
but not in gection 2.

S5.23 was the dominant cultivar in the INS combination producing,
on average, more than the other two put together. Again thig dominsnce
wag gained move at the expense of Lyigh than New Zealand.

Total for 1958 $.23 showed an average gein of 31% over its potential

contribution when in association with Lrish Dut could show no lmprove=-
ment with New Zealand ag its partner and wasg in fact elightly depressed
in section 2. In the INS mixture 8.23 exhibited a 30% increase balanc-

ing the 10% and 20 decreases in Hew Zealand and Lrigh r@%?@ctively.
7 A

C) C&(,»'jlen;j .
g

On average, cutting section had Little effect.
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Plant and Tiller Numbers

Plant Survival

I'rom the plant count made at the end of the firsgt harvest year
the percentage survival of each cultivar growing alone and in combina-
tion with the others was calculated. Yable 1.10 gives these results
within, and averaged over, each section. [There were no gignificant
di.fferences between any treatments, but comparing the cultivars growing
alone thelr survivals were respectively 92%, 88% and 96% for Irish,
New Zealand and 8.23. It was noticable that the combination of Irish
with ilew Zealand and/or 8.23 lowered its survival in all cubting sec-—
tiong. BSimilarly the survival of New Zealand was sli:zhitly less when
1t was associabed with B.23, The suxrvival of $.23% was very congtant
and little affected by culbtivar combinations.

Tiller Nubers

Mean tiller number per plant  The first tiller count was made on

plote of pure gown cultivars shortly after egtablighment and gave

a reference for initial tiller numbers applicable to all sowings
gince 1t was assuned that interactions between cultivars had not had
time to function. These results are given in table Ll.11l and show no
significant difference between cultivars.

The mean tiller numbers per plant at the end of the first harvest
year are recorded in table L.12. -

Irigh growing with New Zealand and/or $.23 suffered a significant
reduction in tiller numbers compared to Lrigh growing alone. The
reduction due to the presence of 8.23 was greaber than that due to
New Zealand and amounbed to an average of 15 tillers per plant. With

both New Zealand and $.23 present the Lrigh plants had 14 fewer tillers



"'fable 1.10

mection

b po

Mpo po M

Sl po
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Fercentage survival at Hovewber 1958.

Lrish ryegrass

With ith With .

Alone Na.Z. 5.23 N.Z.+5.23 x
90 86 T4 &2 83
92 78 62 77 81
93 86 &8 85 30
g2 8l &L 81 8h.

W.Z4. ryegrass

With With With -

Alone Irigh 3.23 Irish+8.2% x
88 92 79 13 83
86 8l 87 88 a7
90 86 78 88 85
88 87 81 83 85

8.23 ryegrass

With With With .

Alone Irigh NeZd. Irighdf.Z. %
94 98 95 98 96
98 93 o7 100 97
97 96 90 92 oL
96 96 9L, 97 96

L.5.D.
L2, 3,009,

C ® VQ ml].*.. 3?0

1,2,3,4:N.8.

CoVe :13v l%

lg 2,5,1;&@08-

O nve "-—:110 805




Lable 1.1l  Mean tiller number per plant of Irigh, New Zealand
and $.23% wnen growing alone at 1lth July, 1957.

Cultivax
Lrish N.%. S5.23
1309 1’7)-1{. 1].{-.0 CoVo = 36.3?0

Differences between means = N.S.



"Mable 1.12

Section

sl N po S Ml o

M o

- 78 -

Hean tiller number per plant at November 1958,

Irigh ryegrags

With With With _

Alone W S.23 W,Z2.+3.23 X
40 35 25 25 51
L3 30 2l 26 3L
36 31 26 28 30
10 32 25 26 31

N 4. ryeprass

With With With .

Alone Irish 5.23 Irigh+3.23 X
27 L3 27 27 3L
4l L2 28 28 3k
20 3l 28 30 28
29 LO 28 28 3L

B5.23 ryepgrass

With With With "

Alone Irish N.Z., Iprighwl¥.Z, X
42 L Uy 39 L2
38 Ll 3l 40 38
28 a1 L 3 36

36 40 39 39 39

L.§.0.
1108,

2=

3, h=10.8.
C.V.=28.0%

1=
)
3: ZI:N" Do
C.V.=28.5%

1,2,3, 4=, 8.

C oV. =26u}.‘${7
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K
f:;'f 2y {/{r
{

" than Irish alone. fhe effect of cutting section wag non-significent /g

. d &,gf i
and showed little effect on tiller production. s j

Considering the effects on New Zealand tiller number it can be seen
that in combination with Irish this was significantly increased from 29
to 40 per plant while with S.23 or Irigh and 8.23 it was similar to Hew
Zealand alona.

The effect of cuttingmﬁggpiqns on New Zesland tillers per plant
was signiiicant. New Zealand had only 28 tillers under the management
of gection 3 and 34 in gection 2. This was egpecilally noticable where
New Zealand was growing alone.

The tiller numbers of $.23 plants were not signiiicantly affected
by combining with other cultivars although in each case the average
Figures were slightly higher than 5.23 alone.

The average Tigures for the culllvars growing alone showed Lyrish to

36 while New Zealand

[

have 4O tillers pex plant and 8.23 slightly less a
was markedly lower at 29.

Tillers per Unit Area  Phe tobal nuuber of tillers per sqg. £t. for each

treatment, shown in table L.13 and figure L.18 were calculated by adding
the products of the mean tillers per plant and the number of plants sur-
viviang for each cultivar present in a treatment. Thug in figure L.18
the contribution to the total tillers produced by ecach compounent of the
mixbures ig shown by the sub-diviglions of the histogsrams and, within
cach gub-division, the percentage of total tillers that it represents

ig quoted. Irish alone had, on averase, the hishest number of tillers
per sge £t. but not significantly more than S.23. New Zealand alone
was the lowest and the other btreatuents dld not diiftver significantly
trom each other but were all significantly Lower than Irish salone. Only
the INS mixture and New Zesland alone were significantly lower than 5.23.

There were no significant differences between the section means.



Table 1.13

Section

S (NN =

- 80 =

Cultivar Combinationsg

Total tillers per sg. ©b. at Novewber

1958.

I i} g IN I8 NS Ivs %
1295 862 1u22 1185 1040 1145 940 1127
1428 1312 1355 1058 1022 1018 1042 1176
1205 650 968 1008 1105 952 1020 987
1309 942 las8 1083 1056 1038 1001 1097

]:JQSQ.DI

L0, 3,
2=210

Aol =le B,
CoVe=23. 2%
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Figure 1,18
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- Actual Percentage, and Potential FPercentage,

Contribution to Tiller Production by the

Components of Cultivar Mixtures

Actual Contribution

- The contributions to tobal tiller number per sqg. £t. made by the
various components of the mixtures are presented in table l.14 and
fiqure 1.18. On avérage Irigh, in mixtures, made the leasgt contribu-
tlon in temns of tiller numbers and 8.23 the greatbest. The eftfects

off competition were appareant as Lrigh pgrowing with 8.23 had contributed

slgnificantly less than when in associatibn with New Zealand.

The New Zealand contribution was also significantly affected by
companion cultivars and was 15k greater in the pregence of lrish than
Be2%, New Zealand in the INS mixture produced 28% of the tillers
which wag slightly more than Lrigh.

5.23 contributed the bulk of the tillers in all combinationg. The

% higher contribution with ILrish compared to New Zealand was not signi~
ficant.
Ihe effects of the cutting sectiong were not significant for any

of the cultivars.

Potential Contribution

Ag with the yield data it wag considered desirable to construct a
table of hypothetical, potentisl contributions to tiller production and
the deviations of the actual contributiong from the potential. The
calculationg were done in a simllar manner to that used for the yield
data. The figures uged in calculating the potential contributions were
obtained from tavle L.13.

Mable 1.15 shows these potential contributions and the effects of
coupetition ag reflected in the deviations from the actual values (table

l L) 1-’.{.) °



Table 1.14  Actual percentage of total tillers per sg. ft. contributed
by the components of the migtures at November 1958,
Significant differences were calculated on
angularly trangformed values which are
shown (where appropriate) in
parenthegis.

Trigh With

H

Section N.Ze. S.23 N.Z4.+8.23 x L.8.D.
1 L6 32 26 35 1=0.5.
2 39 33 23 32 2=5
3 L9 38 28 38 3, L= 5.
X 45Ch2)  3L(35) 26(30) 35  C.V.=16.7%
N.Z. With
Irish 8.23 Trish+8.23 X
1 5l;. 35 2l %8 10,8,
2 61 hb 30 L6 06
3 51 39 30 40 %,h=10.8,
x 55(48) 450(39) 28(32) L C.V.=16.4%
5.23 With
Trish N. 4. IrishalN. &, x
1 68 65 49 &b 6L 147, 8.
2 67 5 W6 w56 2=5
3 62 6l Ll et 55 3,0:00. 9,
® 06 (5L 60(51) 46(12) 57  C.V.=12,0%
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Lrish ryeupraggs The tillering capacity of Irish was depressed in all

combinationg and all secblong. With New Zealand or 8.23 it produced
less than half the total and was depressed by 22 and 37%% respectively
from ity potential.  With all cultivars together the depression was
30 of potential indicating a compensating effect.

The suppresgion of krigh was not markedly affected by cubtting sec-
tion.

New Zealand ryesrass DNew Zealand tillered more freely in the presence

of Yrigh than it did when $.23 wag present and in the latter associa-
tion it was actually slightly suppressed. The two effects balanced
each other so that in combination with both Irish and 5.23 the average
New Zealand contribution to total tiller production was little different
from itg potential.

Thege results were gamewhat modified by cutting section ag with
Irigh or Irigh + 8.23 the New Zealand gain wag greater in section 3.
With 8.23, the suppression was rather greater in section 1 and least
in section 3.

5.23 rvegrass S.23 made substantial gaing against Irish which were

not noticably affected by cutting section and averaged a 35% increase -
over the potential. The gain againgt New Zealand was very much lessg
and averaged only 5%.

The 28% increase of .23 in the WS mixture was balanced by a large
depression in Irigh tillers and not, as would be expected, by suppressicm

of New Zealand.
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SECOND HARVEST YEAR

Dry Matter YTield of Cultivars Growing Alone and in

Mixtures at lach Gut and Accumulatively

Yield per Cut

The yields of dried herbage for the 9 cubs taken in 1959 and the
total for the year are given in table 1.16 and diagramaticaliy in figures
1.19, L.20 and L.2L.

Cutting freguencies The dates of‘cutting and intervals between cuts
are summarised in table 1.17. During this second year gection 2 again
reached the required 18 cm. height on 9 occasions and sections 1 and 3
were cut only 8 times.

New Zealand ryegrass growing alone was first to reach 18 cm. and
section 2 was cut three days before section 1. S.23 growing alone was
again the last in spring to reach cutting height and its section (No. 3)
was not defoliated until 17 days and 14 days after sections 2 and 1 res-
pectively.

Until the last cut section 2 was cut at fairly regular intervals
throughout the year but section 1 regrowth intervals lengthened to 4O
and 45 days between the sixth and seventh and between the seventh and
eighth cuts. Section 3 after its late start was guite regular in fre-
quency until the autumn period when, like the others, the rate of growth
slowed down.

The average yield for all treatments was 20.4 g. per plot for the
firgt cuts and slightly lower and falrly constant for all subsequent
cuts. Section 2 gave the most regular yield with a range from 1ll.k g.

to 19.1 g. per plot.
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Table L.16 Yield of dry matber (grams pexr plot) during 1959 and
total for the year.
Cultivar Treatments L.8.D.
Cut Section Date , . I. N & IN IS N3 INS x 1. = 1.5
1 21/} (165 22.2 16.5 20.0 17.0 17.4 21.5 18.7 2. = 3.6
1 2 18/h 11, 3[14,L¢15 0 17.0 10,7 16,6 1400 14l 3. = 6.2
3 5/5 37.8 25.1119.8]37.0 23.2 28.2 27.7 2B,k he = 5.9
X : 21— 9 O 6 17 l 2)!—07 17"0 2068 2100 :'2001] CoVe - 2505?-:)
lo = 106
1 12/5 109 1400 Lhe8 146 15,0 1B 146 106 2. = N.S.
2 2 /5 10.3 13.6 12.4 10?2 9.8 11.5 10.0. 11.7 3. = 3.7
3 23/5  12.4 115 16,6 116 15.4 17.7 12.8 14,0 . = 3.8
x 1.2.5 13:0 lz{.oé 1301}- 1_")‘92{. 12]-.6 1206 1,501! GoVo = 1901}-;1"
10 = 30_7)
1 30/5 10.3 14.8 18.4 13.4. 16.7 17.0 16.9 15.3 2. = 2.7
3 2 20/5 11.7 14.6 15.2 13.8 12,1 13.6 13.0 13.4 3. = N.S.
3 16/6 19,9 14.9 19.0 18.7 19.6 23.5 21.6 19.6 L. = MN.8,
X 11{.-0 124...8 1705 15o5 1692 18u0 1791 1651 OoV- = 2005‘/’6
1. = I.9.
1 19/6 10.7 16.4 20.8 13.9 16.6 17.6 16.3 16.0 2. = 1.8
) 2 12/6 10.1 12.8 17.0 13.6 148 15.6 15.8 14.2 3. = 3.1
3 7/7 1%.2 13.L 15.4 15.8 15,4 19.4 17.3 15.6  he = 3.7
x 11.3 14oh 17.7 Lhol 15.6 17.5 16.0. 15,3 C.V. = 1h.2%
1. = 2.4
1 17 /7 1.6 23,8 26.0 20,6 23.3 25.6 22,0 22,3 2. = 1.9
5 2 7.8 11.0 1%.3 11.2 10.8 13.2. 11.7 11.4. 3. = 3.3
3 0)// 12.7 22,1 154 L5 13,5 164 1he7 13.9 L. = 3.8
x 11.7 15.9 17.6 15.4. 15.9 18.5 16.3 15.9  CoV. = Ll 2%
- :1_- = ? ?
L 31/7 11.0 17.4 18.4 14.8 17.2 17.2 16.2 16.0 2. = 2,0
6 2 22/7 13.8 19.5 22.5 20.0 18.3 20.8 18.9 19.1 3. = N8,
3 12/8 1%3.7 Lheli 1402 147 14.8 17.5 15.3 19 L. = .S,
X 12.8 17.1 18.4 16.5 16.8 18,5 1.6.8 16.7 C.V. = 14.2%
lo = 296
1 9/9 15.8 28.8 30.8 26.8 29.7 32.0 27.1 27.3 2. = 2.5
7 2 7/8 100?. lBEO .1.601 15-9 ].30).]. 1500 l).[..ol 115.02 jn - L!.--)-{-
3 10/9 119 15.6 12O 1o ? 1405 1844 16.3 15.0 L = L8
T 12.6 19.8 20.3% 18.9 19.2 21.8 19.2 18.8 C.V. = 16.3%
1. = 6.4
1 20,/10 11.6 23,0 26.2 22.0. 29.6 28.8 23.1 23.6 2. = 3.1
8 2 9 9,6 1606 17.0 15,7 13.2 15.8 146 146 3. = 5.3
3 16/10 11.2 16.0 13,9 16 146 18.0 147 1he7 Lo = 8.2
% 10.8 1846 1.9.0 17.6 19.1 20,9 17.4 17.6 C.V. = 21.0%
9 2 15/1.0 10.0 17.0 18.8 17.4 15.1 18.6 17.0 16.3 2. = 4.2
GV, = 17.3%

conbtinued overleaf



Table L.16 (continued).

Cut SBection

Total
£on
1959

1
2
3

——

x

T

)

- 88 -

IN

Is

NS INS

3 . X
106 161 172 146 165 170 158 154
95 136 148 139 118 141 130 129
133 123 126 141 131 159 140 136
111 1.0 A8 1n2 138 156 143 140

]»v L]
2o

2-,—.
C.V.

It

nogon

1L
15
26
27
13%.1%
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Tsble 1.17 Dates on which the sections were cutb during 1959 and
intervals between cuts.

Section Cut 1. 2. 3 L. 5 6. 7. 8. 9.

Date of cut 21/ 12/5 30/5 19/6 13/7 3V/7  9/9 23/10
1 Interval

between cutbs 0 2% 18 20 2l 18 L0 L5
Date of cub 18/h /5 20/5 12/6  o/7 22/7 /8  2/9 15/10
2 Interval :
between cubs 0 19 13 23 20 20 16 26 L3
Date of cut 5/5 23/5 16/6  7/7 ou/7 12/8 10/9 16/10
3 Interval

between cubs 0 18 2l 2], 17 19 29 36
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Significant differences between the main plot sectioni means
were recorded at all cuts except the fourth, and between sub plot cul-
tivar treatment means at éll cuts except the second. The interaction
between cutting sections and cultivar treatments was significant at all
cutbts except the third and sixth and in these cuts it was not far from
significant (table A2.1).
Firgt cuts The effects of the different cutting times on the yields
of the cultivar treatments was very noticable, there being no signifi-
cant differences between the yields in either sections 1 or 2. There
were, however, some very marked differences in section 3. For example,
the late cultivar 5.23 gave a yileld not significantly different from the
two early types in sections 1 and 2 but by delaying the first cut until
May 5th the Irish yleld was more than doubled and was significantly
greater than New Zealand or S.23. The higher yield of New Zealand over
S5.23 in this section was not statistically significant. Of the mixed
gown cultivars, the IN combination was the only one containing Irish
which markedly responded to the increased Irish growth rate exhibited in
section 3 and its yield was only Jjust less than Irish alons. The IS
mixture yield while higher than 5.23 was not signiiicantly so and lay
much closer to the S.23% than the higher Irish value. The INS mixture
significantly outylelded 8.23% alone but not New Zealand énd was conglder-
ably below the Irigh yield. The yield of the NS mixture was greaber
than either of its components growing alone but was not sigaificantly
different from New Zealand.
Second cuts In section 1 all yields were extremely close and ranged

from 1.0 g. for New Zealand to 15.0 g. for IS.
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The section 2 yields were more variable and the only significant
difference was between the highest (IN) and the lowest (IS). The
yield of Irigh alone was lower than New Zealand or S.23 but the differ-
ence Jjust falled to reach statistical significance. Congidering the
mixtures, the IS yield has already been referred to, and was signifi-
cantly less thans IN,which was the highest of the mixtures. The N3
and INS . yields were not greatly different and fell between those of
their components.

In section 3 the yield of S.23 alone was higher than Irish or New
4ealand which was a reversal of the position at the first cut. The
IS and NS combinations were evidently influenced by the higher yield
of 8.23% and both showed yields closer to this cultivaxr than to the
lower yielding component. The NS yield was, as at the first cut,
higher than New Zealand or S.23 alone. The IN and INS yields were
in the low group and similar to Irigh and New Zealand growing alone.
Third cuts Of the cultivars growing alone $5.23 was again highest?&ield—

~Awm and was only exceeded (averaged over all cutting sections) by the
NS mixture.

Although the sections x cultivar interaction wag not significant,
a gbudy of the differences within sectiong revealed gome important
facts which were later substentiated. In sections 1 and 2 the yileld
of the NS mixture was never as great as its higher yielding component.
In section % an increase which amounted to 58% and 24% over New Zealand
and S.23 alone respectively was recorded. It is also of interest to
note that in this section the yield of Irish was slightly higher than
S8.23. The INS yield was algo above that of its components separately,

but was less than NS.
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Fourth cutg S.23 growing alone gave higher yields than Irish or New
Zealand alone in all sections but in section % the difference was not
significant. New Zealand gignificantly outylelded Irish in the sec-
tion 1.

S5.2% alone was higher ylelding than all other treatments in sec-
tion 1 and mixtures with S.23 were higher than the one without. In
section 2 S8.23 was gtill the top yielder but not significantly more
than thoge mixtures containing 8.23. The IN yield was greater than
Irish or New Zealand separately but not gignificantly higher than New
Zealand.

Section 3 displayed an interesting result in that the NS yield
was significantly higher than New Zealand or 8.23 growing alone. This
result had been suggesbed in the first three cuts but lacked statigti-
cal confirmation. The INS yield wag also above that of its components
but not sufficiently to be significant.

Fifth cuts The longer interval between cuts of sectionil resulted
in increased yields of all treatments in that section. The yield of
Irish alone, however, showed the poorest response and was in fact not
significantly greater than the yield in section 3. Irish was also
the lowegt yielder of the three cultivars growing alone in section 2
but was equal with New Zealand and $.23 in the section 3.

S.23 wag again the highest ylelder in sections 1 and 2 but in
section 3 was exceeded by the IN, IS, NS and INS mixtures. These
differences were, however, small apart from the NS mixture which nar-
rowly failed to show the significant positive interaction seen at the
previous cut. The IN mixture was also higher then Irish or New Zealand

hut again not significant.
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Sixth cuts The cutting sectiong x cultivar interaction was not
guite significant at these cuts but it should be noted that in sec-
tion 3 the NS yield was again greater than either of the components
and wag 22% above the mean yield of New Zealand and S.23. Irish was
on average the pooregt yielder but the difference between it and'the
other treatments was much less in section 3. The New Zealand and
S.23 yields were not gignificantly different and, as has been noted,
were only exceeded by the NS mixture. The other mixtures were not
gignificantly less than NS.

Seventh cuts The much longer period allowed for the regrowth of sec—

tion 1 resulted in considerably increased yields of all treatments
except Irigh alone which apparently lacked the vigour to take advan-
tage of the longer growing interval. There were no significant differ-
ences between any of the other treatments in this section but the NS
yield was greater, by 7%, than the mean of New Zealand and S.23 alone.

In gection 2 Irigh was again the lowegt yielder but not signifi-
cently less than IS or INS. Apart from thisg there were no real differ-
ences between the treatments.

The management of section 3 again seemed to favour Irish as here
its yield, although lower, was not significently less than New Zealand
or S.23% and was only really exceeded by the NS mixture which was once
more higher than New Zealand or 8.23 alone. The INS combination gave
a small increase over itg components growing alone.

Bighth cuts The pattern of yields was very similar to that seen in
the seventh cuts and the main features were again the low yield of
Irish and the positive interaction between New Zealand and S.23 which

showed itself in sections 1 and 3. The yleld of Irigh alone al.though
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always the lowest was cloger to the others in section 3, and New
Zealand and S.23 alone were not significantly different in any sec-
tion.

Ninth cut As New Zealand growing alone had had shorter intervals
between cuts than Irigh and since S.23% commenced the season 17 days
after New Zealand it was the only cultivar (and its section) which
wag cut for a ninth time.

The main feature in thig cut was the low yield from Irish.
There were no significant differences between any of the other treat-
ments.

Total for 1959 The mean yields over the three cutting sections showed
Irish ag the lowest yielder, but whereas all treatments gave their
highest yield in section 1 Irish alone was best in section 3% where
its yield was higher (not significantly) than New Zealand or S.23.

The IN mixbure was not gignificantly higher then Irish or New
Zealand in any section and had very similar yields in all sections.

The IS mixbure showed no advanbage over 8.23 alone and was in
fact significantly lower in section 2. The NS mixture, however,
gave a 28% increase over the mean of New Zealand and S.23 in section
3 and wag never gignificantly less than 5.23 or greater than New
Zealand in the other gections.

The combination of all three cultivars gave no yileld advantage
over New Zealand or S8.23 alone bub was significantly better than

Trigh in gections 1 and 2.
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Accumulative Yield

The accumulative yield of all cultivar treatments during 1959
are presented in figures 1l.22, 1.23 and 1l.24 for sectiong 1, 2 and
3 respectively.

Section 1  Execluding Irigh, differences in growth rate were small
and the range in yields not wide. Irish started as lowest yilelder
then had a brief period of rapid growth followed by a lower growth
rate than any other treatment. New Zealand had the highest accumu-
lated yleld of the cultivars growing alone at cuts 1, 2 and 3 bub S.23
was growing faster and ranked first from June 19th onwards. TFrom
August the S.23 and New Zesland growth rates were similar and their
final yields not far apart.

The growth curves of all mixbtbures tended to follow those of the
more productive cultivarsg, New Zealand and 8.23. IN was most influ-
enced by Irish and showed a rather lower rate of production than the
other mixed sowings. Between IS, NS and INS there wag little to
differentiate. INS commenced at the top then fell off slightly and
NS took its place and maintained it until the end of the season.
IS closely followed the 5.23 growth pattern in spring and not until
June, when S.23 displayed its most rapid growth, did their lines
diverge. .
Section 2 In this section which was cut earlier and once oftener
than sections 1 and 3 the final yields were lower but in general the
shape of the curves and the ranking of the cultivar treatments were
similar to section 1.

The Irish growth rate dropped off markedly after the cut on May

20th and, despite its rise in July, was again far below all other
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treatments. New Zealand and 8.23 were almost identical up to May
20th, S.23 then showed its characteristic increase and moved into
the top position. Subsgequently 8.23 gained a little on New Zealand
but btheir final yields were not markedly different.

The main difference between sections 1 and 2 was in the reversal
of positions by the IN and IS mixbures. In section 1 IN, while
higher than Irigh, came below all other treatments and IS followed
the more productive 5.23 pattern. In gection 2 I8 appeared to be
greatly influenced by Lrish in the early part of the season and,
although its growth rate was greater than Irish in mid-season, it
ranked below the other treatments at every cut. IN, on the other
hand, took the form of the New Zealand curve and at no time appeared
affected by Irish.

The INS growth curve bore a greater resemblance to New Zealand
than to Irish and S.23. In so doing it could be Jjudged to be reflect-
ing the productivity of all 3 cultivars as New Zealand itself occupied
an intermediate pogition between the high placed S.23% and the lowest
placed Irish.

Section 3 As in 1958 the change in menagement of section 3 caused
some very marked slbterations in relative production of the cultivar
mixtures.

Irish was top yielder in the first cut and by maintaining a
relatively good rate of growth held this position until the beginning
of July. New Zealand displayed none of the characterigtics of an
early maturing ryegrass, its initial yield being relatively low and
its growth until mid-June lower than the other treatments. Although

the rate of production subsequently increased the initial setback kept
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it in bhottom position. 8.23 did, however, improve its position,
after commencing the year as lowest yielder, but it did not display
such a marked increase in June growth as characterised it in sections
1 and 2.

The IN, IS and INS mixbures had little outstanding in their per-
formance. IN followed the Irigh pattern and IS the S.23. s
reflected the higher early growth of Irish then followed the more
productive S5.23. During August a sharp rise in the INS productivity
occurred which was not evident in the curves of any of its components.

The obviougly important mixture was N3 which dilsplayed an extremely
rapld growth rate, much higher then either of its components. This
carried its yleld well above all other treatments. The steeper
angle of its curve, compared to New Zealand or 38.23%, was noticable

from the first to the last cutbs.
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The Lffect on Yield of Combining Cultivars .

The yields of cultivar mixtures, relative to their components,
are given in figure 1.25 as percentage increases or decreases com-
pared to either Irish, New Zealand or 8.23 growing alone.

Only the general trends of these results are outlined since
individual differences have already been dealt with in table 1.16.

Yields of Mixtures Containing Iyrigh Relative to Irish Growing Alone

It should be noted that the top 3 graphs of figure 1.25, which
show Irigh alone as zero, axre in a smaller scale than the other
graphs. In sectiong 1 and 2 the yield of Irish was exceeded by
its mixtures at nearly every cut. The trend wasg for larger increa-
ses as the geason advanced. On the annual total all mixtures
showed considerable increases compared to Irigh growing alone. In
section 3 the increases made by the mixtures were smaller and, in
the beginning of the year, decreases were recorded. On the total
yield only the mixtures with New Zealand and New Zealand plus S5.23
showed gmall improvements compared to Irish.

Yields of Mixtures Containing New Zealand Relative to New Zealand

Growing Alone

In section 1 the regults were rather variable. The mixture
with Irigh did, however, give a lower yield than New Zealand at most
cuts and its total yield was 10% below New Zealand's. The combina-
tion with S.23 wag higher yielding than New Zealand except at the
firgt cut when a substantial decrease occurred. The INS mixture
varied little from New Zealand alone.

In section 2 the results were again variable and no trends

were distinguishable; increases at one cut being balanced by decrea-

ges at another.
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Section 3, however, showed a different picture as here large
increases over New Zeagland took place at almost every cut by all
mixtures. The mixbure with 5.23% exhibited the greatest increases
from the gecond cut onwards.

Yields of Mixtures Contalning S5.23 Relative to 8.23% Growing Alone

In both sections 1 and 2 there were few occasions when the
yield of mixtures containing S.23 exceeded the yield of 35.23 grow-
ing alone. The mixture with Irish was noticably poorer then all
obthers in section 2.

The change in management of section 3 caused a marked albteration
in the relative yields; the yield of 8.23 being exceeded at all but
one cut. The increase due to tﬁe assoclation with New Zealand was

mogt outstending and amounted to over 20% on the annual total.
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Percentage Digtribution of Seasgonal Production

Teble 1.18 shows the seasonal production of the various tréaﬁments
expressed ag percentages of total yield.

Section 1 At the first cut the early cultivars, Irish and New Zealand,
gave a higher percentage of their total yield than did S.23. The influ-
“ence of S.23 wag most marked in the IS and NS combinations where the
percentages were similar to S.23% alone. The INS treatment moved nearer
to the early group but was still congiderably influenced‘bj S.23. - The
IN treatment was similar to New Zealand alone.

At the second cut the Irigh again gave the highest percentage while
New Zesaland and S.23% were gimilar. Treatments containing more than one
cultivar conformed to the New Zealand and S.23 pattern. The effect of
Irigh was not evident.

At the third and fourth cuts S.23 gave slightly more of its total
yield than Irigh or New Zealand. The treatments combining Irish and
New Zealand did not, however, appear to reflect this, apart from INS
in the third cut. The percentages for all treatments were similar at
the £ifth or sixth cuts while the seventh and eighth cuts showed a fall
off in the percentage of Irish. The IS and NS combinations in the last
cut had higher percentages than any of the cultivars growing alone.
Section 2 Thig section was cut earlier and more frequently than the
others and showed remarkably little variation in seasonal production
among the treatments. S.23 was slightly lower than Irish or New Zealand .
at the first three cuts and combining S.23 with Irish did not change the
position. The NS treatment, however, did give a higher proportion in
the first cut than S.23 or New Zealand alone. The INS treatment slightly

reised the percentage, compared to S.23, but only in the first cut.
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Table 1.18 Percentage disgtribution of total yield during 1959.

Section 1. Date of Cut
21/ 12/5  30/5  19/6  13/7  3/7  9/9  21./10
Cut 1 2 3 4. 5 6 7 8 9
I 16 1. 10 1.0 1l 10 15 11
N 1l 9 9 1.0 15 11 18 1.
S 10 9 1L 12 15 11 18 15
v 1 10 9 9 1 10 18 15
TS 10 9 10 1.0 14 10 18 18
s 1.0 8 10 10 15 10 19 17
NG 13 9 11 10 1 10 17 15

Section 2,

8/ 7/5  20/5 12/6  2/7 - 22/7 /8 2/9  15/10

I 12 11 12 1L 8 1L 11 10 1L
W 11 10 11 10 9 1 11 12 13

5 1.0 8 10 12 9 15 1l 12 13
iy 2 10 10 10 8 34 11 1L 12
I3 10 & 10 12 9 15 11 11 13
i3 1z ) 10 11 10 15 11 1l 13
g L1l o 10 12 9 14 11 11 13

dection 3.

5/5 23/ 16/6 /7 an/1 12/8  10/9  16/10

I 25 9 15 10 10 10 9 8
n 20 9 12 11 10 12 13 13
5 16 13 15 12 11 11 11 11
IN 2 8 13 1L 10 10 1.0 10
Is 18 12 15 12 10 11 11 11
N3 18 1l 15 L2 10 1l 12 1

s 20 9 15 12 10 1L 12 10
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Throughout the remainder of the year the IN combination showed
little variation from the pattern of Irish or New Zealand alone while
the IS treatment followed the S.23 pattern where it differed from
Irigh. NS and New Zealand and 8.23 alone were practically the same
and INS gave a similar result as the cultivars alone, except in the
lagt cut when a low percentage from Irish was not reflected in the mix-
ture.

Section 3 By delaying the first cut until May 5th the greater capacity
of Irish and New Zealand for early growth beceme obvious. The Irish
and New Zealand cultivars gave 28 and 20% of their total yield respec-
tively compared to 16% from S.23. The IS and N3 combinations were more
influenced by the S5.23 component and consequently gave a lower percentage
than the early cultivars. The INS mixture was affected by hoth groups
and occupied an intermediate posgition. |

At the second cut S.23 gave the highesgt proportion and the IS and
NS mixbtures came between S.2% and Irish and New Zealand. The INS
treatment, however, was similar to Lrish and New Zealand alone.

Prom the third to the sixth cut there was little variation between
cultivar combinations. During the last two cuts the New Zealand alone

gave a higher proportion than the other cultivars.
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Actual Percentage, and Potential Percentage,

Contribution to Yield by the Componentg of

Cultivar Mixtureg at Rach Cut and to

Annual Yield

Actual Contribution

Irish rvegrass

The percentage contribution to total yield made by Irish ryegrass
when growing with New Zealand and/or 8.23 is shown in table 1.19 and
figureg 1.19, 1.20 and 1l.2L.

Mirgt cuts Although the statistical analysié failed to show any sig-
nificant differences Irish appeared to have made a greater contribution
at the latest spring cut. This was most noti%gble when it was combined
with New Zealand.

Second cuts The slightly higher contribution of Irish in section 3
suggested by the first cut was not maintsained except when Irish was
growing with New Zealand.

Third cutg The third cuts showed a further reduction in the contribu-
tion of Irish. The contribution with S.23 was 19%; sipgnificantly less
than the 27% achieved with New Zealand. Vihere all three cultivars were
together the depression of Irish yield fell between that experienced
when Irish was growing with either one separately.

Pourth cutg There was another slight depression in Irish contribution
except in section 3. S5.23 again exerted the greatest depressing influ-
.ence.

Pifth cuts The downward trend in the percentage contribution of Irish
continued. With S.23 the Irish only contributed an average of 137 of

the total yield. The highest contribution made by Irish was with New

Zealand in section 3.
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Sixth — eighth cuts During the remainder of the season the contribu-

tiong of Irigh did not vary greatly from the posgition established at
the fifth cuts. With New Zealand,Irish gave around 25% of the yield
but it was always slightly higher in section 3. The presence of S.23
held the Irish contribution down to L& - 15%; +the lowest contribution
of 8% occurred in the eighth cut of section 1. With 3 cultivars toge-
ther the Irigh contribution averaged 15%.

Ninth cut Section 2 was the only one cut 9 times and there were no
significant differences between treatments.

Total for 1959 The average percentege of the total yield given by

Irish was greatest (27%) in combination with New Zealand. In section
3 thig rose to 37% and in general the management of section 3 resulted
in higher contributions from Irigh then in the other sections.

The depressing effect of 8.23 was significently greater than that
of New Zealand and with both together the effect was intermediate.

New Zealand ryegrass

The percentage contribution made to total yield by New Zealand
ryegrags when growing with Irish and/or S.23 is shown in table 1.20
and figures 1.19, 1.20 and 1.21.
First cuts With Irish, New Zealand was the dominant partner in the
cuts taken on the 18th and 2lst of May but, when cutting was delayed
until May 5th, the percentage was reduced to 5. In association with
8.23 New Zealand contributed an average of 51% of the yield. The
highest contribution of 66% was recorded in section 2. Where New
Zealand was compebing with both Irish and S.23 its gain over Lrisgh
was balanced by the sﬁppressing influence of S.23 so that its contribu-

tion was approximately 1 of the total.
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Second cutg The interaction between sectiong and cultivar combinations
was not quite significan't but there were differenceg of importance.

With Irish, in section 3, the contribution had risen from 54% in the
firsf cut to 62% and with S.23 the contribution had gone down from 42%
to 28%. In thé other sections the percentages of New Zealand with
Irigh or S.23 were as before. Where both Irish and 5.23 were present
the New Zealand contribution had fallen slightly to 29%.

Third cutg The picture here was very similar to that at the second
cuts. The only marked change was a fall in contribution with S.23 in
section 1.

Fourth -~ ninth cuts In the remaining cuts of the season the contribu-

tion of New Zealand with the other cultivars did not alter appreciably.
In combination with Irish the average contribution varied around 75%
and, within the gections, the percentages did not differ significantly
except at the eighth cuts when only 66% was contributed to the yield in
section 3 compared to 83% in section 1.

With S5.23 the percentages were very consgtant with gection 2 always
slightly, but not significantly, higher. Although suppressed by 8.23
the New Zealand held its position much better than did Irish. Where
all 3 cultivars were together the compensating influence of Irish and
8.23% maintained the average New Zealand contribution just below, or at,
30%. There was a tendency for a higher contribution in section 3.

Total for 1959 As a percentage of the annual total New Zealand with

Irish was highest in gection 2 and lowest in section 3. With S.23
section 2 also resulted in the highest percentage of L9 for New Zealand
contribution. This figure was made up of contributions of over 50% in

the firgt 3 cuts followed by percentages of under 50 for the remaining
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6 cuts. In the other sections New Zealand with S.23 only averaged
31% of the yields.

In association with both Irish and 8.23 there were no significent
differences among the sections and the mean contribution was 29%.
$.23% ryegrags

The percentage contribution made to total yield by S.23 ryegrass
when growing with Irish and/or New Zealand is shown in table 1.21 and
figures 1.19, 1.20 and 1.21.
Pirgt cuts Averaged over the 3 sections S.23 contributed significantly
more when growing with Irish than with New Zealand.  Growing with both
cultivars S.23 gave an average of 40% of the yield.
Second guts The contribution with Irish remained at 70% while, with
New Zealand and Irigh plus New Zealand there was a slight increase.
Third cuts The percentage of 8.23 in all mixtures was congiderably
greater than at the second cuts. With Irish the mean was 81% and
there were no significant differenceg between sectiong. Combined with
New Zealand the contribution was significantly lower at 62% and, in
gection 2, the percentage was only 4. Where all 3 cultivars were
combined the contribution averaged 55% and did not vary significantly
over the sections.

Pourth = ninth cuts The contribution of $.23 remained very steady in

the last 6 cuts of the season averaging around 85% with Irish, 67% with
New Zealand and 57% with Irish plus New Zealand. In section 1 the
contribution of S.23 with Irish was always highest but never signifi-
cantly so. With New Zealand, the contribution in section 2 was always
low but the only time this was significant was, as already seen, at the
third cuts. Combined with Irish and New Zealand S.23 was again the

dominant partner.
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Total for 1959 Comparing the contributions in the totals for the

yeaxr 8.23 gave a significantly greater yield when combined with Irish
than with New Zealand and the contribution with Irish plus New Zealand
wag only Just significantly less than with New Zealand alone.

Potential Contribution

Tableg le22; le23 and l.24 which show the potential contributiong
of cultivars when growing in mixtures were constructed in the same
manner, and for the same reasons, as tables 1.7, 1.8 and 1.9 which
gave this information for the first harvest year. As before, the
deviationg of the actual contributions from the potential figures have
been calculated and are shown alongside each regult. These deviations
are also expressed as percentage, gains or logses of the potential con-
tribution.

Irigh ryegrags

Table 1.22 presents this data for Irish ryegrass during 1959 and
a casual perugal of the results shows that Irish was suppressed at
all cubs, in all sections and under all combinations.
Pirgt cuts Overall, Irish suffered a mean depression of its potential
by 38%. The competitive influence of S.23 was greater than New Zealand
while both together apparently had a lesser influence than either sepa~
rately.

With New Zealand as a companion the greategt depression occurred
in section 2 and with S.23 in gection 1. With New Zealand plus S.23
present the Irish contribution was down by a maximun of 3%0% in section
3.
Second cuts The average suppression of Irigh was similar to the first

cuts but did not vaery significantly between the different combinations.
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New Zealand again had its greatest effect in section 2-and 5.23
uin gection 1 while with both together Irish suffered its least depres-
sion in section 2.

Thixd cuts By the third cuts the actual contribution of Irish was

20% below its potential, a fal} of 49%, chiefly due to the competition
from S.23. The influence of New Zealand and New Zealand plus S.23

were similar and also, of course, depressive. New Zealand, as before,
wag mogh aggressive in section 2 but S5.23% caused the greatest reduction
in Irish yield in section 3, amounting to 67% of potential. Irigh was
also moat suppressed by New Zealend plus S.23 in section 3 and to only

a 8lightly less degree than that caused by 3.23 alone.

Pourth ~ ninth cuts The average actual contribution of Trish stabi-

lized around 1l - 19% less than its potential over the remainder of

the year. 5.23% continued to exert the greatest influence reaching a
maximum average figure of -27 in the £ifth cut. The highesgt individual
figure was in the eighth cut in gection 1 when the actual yield was

74% less than the potential. In general S.23 wag most aggresgive under
the conditions of section 1 which had longer intervals between cuts.

New Zealand also markedly reduced Irigh yield and was fairly con-
stant over all cuts, ranging from 35% at cut 8 to 46% at cut 9. Unlike
5.23 the New Zealand influence was greatest in section 2.

The New Zealand plus S.23 effect wag also similar in all cubs and
reduced the Irish yield by approximately 39%; this was a similar amount
to New Zealand alone but only 2/3 of the 8,23 influence. Like 8.23

alone the suppression due to New Zealand plus S.235 was greatest in sec-

tion 3.




- 120 -

Total for 1959 The average reduction of Irigh potential contribu-

tion amounted to 45% composed of a 56% suppression by S.23% and 39%
each from New Zealand and New Zealand plus S.23.

The largest reduction of 63% due to S.23 occurred in gection 1
while New Zealand's greatest effect was 51% in section 2 and the New
Zealand plus S.23 maximum of 46% was recorded in section 3.

New Zealand ryvegrass

Table 1.23 ligts the potential contributions to yield of New
Zealand ryegrass during 1959 and the deviations of its actual contri-
butions from them. The general impression was that New Zealand
almost held its own in competition with Irish and S.23 but on inspec-
tion this was seen to be due to the compensating effect of Lrish
suppression and 8.23% aggression.

First cuty New Zealand showed a gein over ILrish in all sections,
averaging a 4O#4 increase. With S.23, however, New Zealand only made

a gain in section 2 and was suppressed in sections 1 and 3 so that, on
average, a suppression of 7% resulted. In association with both Irish
and S.23 the 27% increase of New Zealand in section 3% was nearly balan-
ced by decreases of 18% and 23% in sections 1 and 2 respectively.
Second cuts The results from the second cuts were in the same general
pattern as the first ouﬁs with Irish being suppressed in all sections,
S.23 only in the gection 2 and Irigh plus $S.23 suppressing New Zealand
in all sectiong except number 3. Overall New Zealand was still show-
ing a slight gain from its various combinationsg.

Third cuts New Zealand increased its mean contribution with Irish to
43% over its potential. The increase was greatest at 56% in section
3;  falling to 27% in section l. 8.23 depressed the New Zealand con-

tribution by 36% in both sections 1 and 3 but was itself depressed by
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14% in section 2.

Irigh plus 5.23 reduced New Zealand contribution by 20% and
31% respectively in sections 1 and 2 but New Zealand showed an increase
of 21% in section 3.

Fourth - ninth cuts In cut L the average gain in association with

Irigh was slightly down at 32% and continued to fall until at the
eighth cut it was 21%  The effect within the sections was variable
but tended to he greatest in section 2.

With S.23 the New Zealand contribution was suppressed in all sec-
tiong with a mean of 27% at the fourth cut which remained fairly steady
'throughout the regst of the geason; the suppression was always least
in gection 2.

With all 3 cultivars together New Zealand was suppressed in all
sections and all cuts except the elghth cut of gection 3 when the devia-
tion was zero. This tendency for a rether smaller suppression of New
Zealand in this sgection was noticable at every cut and was peculiar in
that separately the effects of Irish and S.23% were leagt in gection 2.
Total for 1959 On the annual total New Zealand showed a mean gain
of 30% above its potential contribution by suppressing associated
Irish plants and, as was geen at most cuts, the greatest gain came
in section 2.

On average, New Zealand was suppressed by S.23 but actually mads
a gain of 2% in section 2 and a logs of 38% and 35% in gections 1 and
3 yresgpectively.

The influence of Irish plus S.23 balenced to a degree, end New
Zealand averaged a 17% suppression but this was made up of a 3% gain
in section 3 and a loss of 24% and 30% respectively in sections 1

and 2.
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S.23 ryegrass

Table 1.2 gives the potential contributions and deviations
from it of actual contribution of 8.23 ryegrass during 1959. 8.23
made an overall gain in combination with all cultivars but there were
a few instances in sgpring when it was suppressed by New Zealand.

Most of the interesting points of detial concerning the effect
of 8.23 on New Zealand and Irish have already been dealt with when
the results for these two cultivars were presented, and the remarks
reiative to table l.24 are confined to highlighting those points not
already mentioned, and to eany trends vigible over the year.

The greatest mean gain by S.23 over Irish took place at the
first cut when 5.23% exceeded its potential by 57%. At the second
cut thig fell to 30% and never rose agein above 46% achieved at the
sixth cut. It is of interest to note that the greategt depression
of Irish did not coincide with the highest actual contribution to
yield by 8.23. This occurred in the fifth cut when 87% of the yield
wag from S5.23.

The important factor from the combination with New Zealand was
the much smaller increase achieved by 8.23 compared to that made in
combination with Irish. Algo, in the firgt 3 cuts of section 2 5.23
was itself suppressed and, thereafter, did not suppress New Zealand
(in section 2) to the same degree as it did in the others.

in agsociation with Irish plus New Zealand the S.23 was the domi-~
nant cultivar and ”t;y comparison of the results with thoge in tables
1.22 and 1.23 it can be seen that 8.23 expanded mostly by suppression
of Irish. IBxpressed on the total for the year 5.23 showed a mean

increase of L6% over potential while Irigh and New Zealand regpectively

had decreases of 39% and 17%.
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Plant and Tiller Numbers

Plant Survival

The survival of each cultivar growing alone and in mixtures in
the spring and autumn of the second harvegt year is given in table
1.25.

April 1959  Overall there had been an approximate 10% reduction in
survival compared to the figures given in table 1.10 (surviVal at Novem-
ber 1958).

Irish had its lowegt survival in gection 2. The average effect
of the presence of 8.23 causged a significantly lower survival then the
other cultivar treatments which were not significantly different.

The competitive influence of S.23 seemed greatest in section 2.

New Zealand had a slightly highexr general survival than Irish and
wag not affected by S.23. The analysis of the results showed no sig-
nificant differences although there was a tendency for a higher survival
in the presence of Irish.

S5.23% had the highest survival rate and this was not significantly
affected by associated cultivars.

November 1959 The percentage survival of Irish had fallen sharply to

an average of 56% but, in section 3, the figure of 68% was significantly
greater than thoge in the other sections. The aggressiveness of 5.23
was clearly seen as only 44% of the Irigh plants survived when Irigh
and 8.23% were growing together. New Zealand did not significantly
effect the Irish survival.

The mean gurvival of New Zealand was similar in all sections.
In combination with Irish it was significantly higher than New Zealand
alone and this was most marked in section l. The effect of S.23% on

New Zealend was slight and also not significant.
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As at previous counts the survival of S5.23 was not affected by
cutting frequency or compenion cultivar. S9.23 again had the highesgt
average survival of the cultivars.

Diller Numbers

Mean tiller number- pexr plant The mean tiller numbers per plent at the

end of the second harvest year are shown in table 1.26. Compared to
the previous year's count the Irish plants had fewer tillers while
New Zealand and S.23% both had more.

The tillexr numbers of Irish were not affected by frequency of
cutting as‘evidenced by the closenesg of the average figures for the
section mesns but, by combining Irish with New Zealend and/or 8.23 the
tillexrs per plant were significantly reduced. In the case of 8.23
the reduction was by more than half of the Irish alone figure.

The plants of New Zealand growing with Irish had a significantly
greater number of tillers than in any of the other cultivar treatments.
On average, New Zealand plants had 13 more tillers then Irish.

S.23 tiller numbers increaged, compared to S.23 alone, when com-
bined with Irish and Irish plus New Zealand. With only New Zesland
pregsent S.23 tlllers remained unchanged. Comparing the results for
the cultivars growing alone Irigh and New Zealand were identical while
S5.23% was not sigaificantly greater.

Tillers per Unit Area Table 1.27 and figure 1.26 show the total

tillers per sq. ft. for each treatment. Statigtical reduction of
the data revealed no significant differences although S.23, and mix-

tures containing 5.23, tended to have the largest number of tillers.




Table 1.26

Section

R A o M e

8N O
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Mean tiller numbers per plant at November 1959.

Trish ryegrass

With With With .

Alone Wedie Be.23 NY+5.23 e
36 20 12 17 22
37 20 2 23 25
32 23 15 L8 22
35 21 16 19 23

N.Z2. ryegrass

With With With .

Alone Irisgh 3.2% Irigh+5.23 b
33 42 30 3 35
L1 53 36 30 L0
32 40 29 39 35
35 b 52 35 36

5.23 rysgrags

With With With .

Alone Irish Nod. TrigheNZ 4
L0 62 36 Sk 48
37 5L 32 54 Ll

35 5 8 L!-O )Il l}i{.

37 57 36 50 L5

1=.8,

2=6
3,4;:1\}'.8.
C.V. 3210 7;%7

1=N. 5.

2=9
3,4=00.58,
CoV. =2l 3%




Table 1.27

Bection

Miwe o M

Total

tillers per sq. £t. at November 1959.
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Treatments -
I N 3 IN IS NS IHS x
Gl5 875 1132 872 1058 900 952 9l
652 1018 1042 880 850 945 935 932
802 800 1018 865 1068 94,0 910 915
823 898 1064 872 992 928 932 930

C.V.=20.6%
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Tiller production per sg. ft. and contribution of the components of the mixtures at November 1959,
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Actual Percentage, and Fobential Percentage,

Contribution to Tiller Production by the

Componentg of Cultivar Mixtures

Actual Contribution

In table 1.28 and figure 1.26 the percentage contribution to
total tillers made by the components of the mixtures are given.

The average contribution by Irish had nearly halved from the
previous year (table 1.14) and was consilderably below those of New
Zealand and $8.23 which had increased. The only significant differ-
ences for Irish were between the cultivar treatment meang where the
percentage with 5.23 was half that achieved in combination with New
Zealand. The Irish contribution appeared highest in section 3 when
in combination with New Zealand and extremely low in section 1 with
5.23 as a partner.

New Zealand dominated the association with Irish and produced an
average of 74% of the tillers but was suppressed by S.23 and gave only
40% of their combined number. In combination with both Irigh and S.23
approximately one third of the total tillers were produced by New
Zaaland, indicating a compensating influence between the effects of
Irish and 5.23.

Potential Contribution

In table 1.29 the potential percentage contributions of the
cultivars based on their actual tiller production when growing alone
(teble 1.27) arve given, as are the deviations from actual percentage
contribution (table 1.28). Table 1.29 was constructed in a similar
manner to bteble L.15 which gives the equivalent data for the first

harvegt year.
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Table 1.28 Percentage of total tillers per so. £4. contributed by
the comvonents of the mixtures at Novewber 1959, Bimificant
differenceg were calculated on anpularly transformed values which
arae shown (w1ere nnnTomrwatc} in rnarenthesis.

Trish with o L.5.D.
Bection N. & 3.2% Wia3.23 o 1,4,
1 22 7 12 13 2=5
2 19 19 16 15 3,478,
% 35 1. 1.8 23 C.V.=23.9
x 26(30) 1.3(20) 16(22) 18
N.4. with
Trigh §.23 Irish+8.23 =% 1=, S,
1. 76(6%) 36(37) 26(30) L7 2=l
2 o1{55) L& (200 30(33) 53 3=8
&4 53) 36(36) 36(37) )5 Jyse]
- 75,{60) 130(39) 31(33) 1.8 C.Ve=ll. 0%
S.2% with
Trish W.%. TeisheN.Z. % 1=1. 5,
1 93 6l 63 b T3 2=5
2 gL 59 5l 62 5, h=N.9.
3 86 61}. 14.6 6“2_ C.V.=9.9%
z 87(69) 60(51) 54{47) 67
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Table L.29 Potential percentage conbribution of culbivars to total
tiller production in 1959 related to tiller production of
cultivars growing alone and assuming no competition between
them. The deviations, of actual contribution (table 1.28),
from potential are given alongside each regult and, in varenthesis,
the deviations are expressed as a percentage of potential.

Trish with

Section W.7. 8,23 WoZoa8e23 x
1 1.8-26( 51, 1,2-3%5( 83 29~1?E59\ 10-27(68
2 1,6-27{59 15-26(58 29-13 13.52 L0-22(55
3 5012028 3y=30( 68 3113042 4 2-19(h5
x 48-22(16) 1)y ~31(70) 30-15(50) 41-23(56)
N.4. with
Trish 8.23 TrisheS. 23 %
1 52426(50 14~8{18 51--5(16g 142+5(1.2)
2 51944-27%50 19-1L( 2 55-—5814 11,6-%7%15)
% 50412028 J=8(18 3046(20) 414+.(10)
% 52+22(42) 16-6(13) 32-1( 3) 53+5(12)
$.2% with
. Irish . %. Trightll. %, X
1 53+35(60 56-:~8§11+2 40423(58 51-:'22543
2 55426( 47 57+1( 2) 56+18é50 L7+15( 32
3 56430( 54, 56-»&2.;&1_,_ 39 47(18 501,530
= 564351(55) 5L46(11) 3%416{12) L9+18{37)
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Irigh ryegrass The tillering capacity of Irish was severly reduced

in combination with New Zealand and/or 3.23 and expressed ag reductions
of potential they amounted to 46%, 70% and 50% with New Zealand, S.23
and New Zealand plus $.23 respectively. The greatest suppression of
Irigh, by 83%, was in association with 8.23 in section 1. On average
Irish was least suppressed in section 3 and most in section 1.

New Zealand ryegrass New Zealand made its highest gains, with Irish

o34

as a partner, in sgection 1l and, on average, increased by 42%. S5.23
suppressed New Zealand glightly in all sections and the New Zealand
mean conbribution was 13% below ils potential. The smallest decrease
of 2% was in section 2. In company with both Irish and S.23 the con-
tribution of New Zealand was lowered in sectiong 1 aﬁa 2 but showed an
increase in section 3. The average effect was a decrease of 3% show-
ing that any tendence of New Zealand to tiller more freely in the pre—
sence of less vigorous Irigh plants was overshadowed by the aggressive-
ness of 8.23 except, as has been noted, under the management of section
3

8.23 ryegrass S.23% was able to increase its tillering capacity in all

combinations and mogt markedly with Irish where it rose to 55% above
its pobtential. With New Zealand the increase only averaged 1l% and,
in section 2, was less than 2%.

With both Irish and New Zealand present the effect was intermediate
and 8.23 increased by a mean 42%.  In section 3 only an 18% increase

was recorded.
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THTRD  HARVISD  YEAR

Dry Matter Yield of Cultivars Growing Alone and in Mixtures

at fach Cut and bccumulatively

Yield per Cub

The yields of dried herbase for the 6 cuts taken in 1960, the
total for the year and the total for 1958~59-60 are siven in table 1.30
and diagramatically in figures L.27, 1.28 and 1.29.

CGutting freguencieg The dates of cutting and intervals between cuts

are given in table 1.31. In the third harvest year the cultivars pgrow-
ing alone only reazched the designaﬁed cutting height on 6 occasions.
Section 1 did not actually weach this hei ht at its last cut but, in
order to coneclude the experiment, a yleld assessment was made.

Section 2 was again the fivst to be cut followed, 8 days later, by
section 1. Section 3 was firsgt cut 17 days alter section 2.

The intervals between cubs were longer in 1960 than in 19586 and
1959. Section 1, as in previous years, began its cutting cycle before
section 3 hut, due to slower regrowth, finished after it. Section 2
algo lost ground compared to section 3 and, at the final cut, was only 2
days ahead compared to 17 days in the spring.

The average yleld for all treatments was 25.2 g. per plot for the
first cuts but fell fo average between 1l.9 3. and L7.5 g. over the
remainder of the geagon. The yield of section 1 was very low in the
lagt cut due to the velatively short growth period.

Simnificant &ifferences between %he main plot cutting frequency
section means were recorded at all cubs, except the second, and between
sub plot cultivar treatment means at all cubs. The interaction between
cutting frequency sections and culbtivar treatments was giznificant at all

cuts except the fourth and sixth and in the sotal for 1960.
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Table 1.30 Yield of dyry matbter (grams per plot) during 1960, total
for 1960 and total for 1958-59-60.

, Cultivar Treatnents L.5.D,
Cut Section Date I M 5 IN IS NS INS x 1. = 3.5
1 10/5  13.0 21.6 16.6 21.4 16.0 19.0 21.6 18.5 2. = L.2
1 2 2/5 16.6 25.3 21.0 %0.1L 15.2 28.7 21.8 22.7 3. = 7.3
3 19/5 29.9 49.2 24.0 L1.3 28,9 3.0 32.3 3.3 L. = 7.L
% 20.0 32.0 20,6 30,9 20,0 27.2 25.5 25.2 ©.V, = 20.3%%
1. = .8
1. 7/6 7.0 10.7 16.1 9.8 1%.0 15,1 11.0 11.8 2. = 2.0
2 2 20/5 10,6 12.0 14,2 12.7 11.9 16.7 12.3 12.9 3 %5
3 17/6 0 Buh 6.6 116 7ol 17.6 15.2 1304 11.0 0 L. o= 3.
- T 7.7 0.0 1.0 10,0 14,2 15.7 12.2 11.9  C.V. = 20,5
1. = 3.0
1 2/7 5.7 11.8 10.7 9.5 11.2 11.0 9.9 10,0 2, = 2.6
3 2 20/6 3.8 13.L 17.9 18.9 15.6 2.2 16,0 16,0 3. = b5
3 22/7 12,0 21.5 18.7 19.7 23.0 22.8 21.8 20.0 L. = 1.6
x 8.8 15,4 15,8 16,0 16.9 19.% 15.9 15.5 C.V. = 20.6%
; 1. = L.3
1, 9/8 11.1 20.%4 23.8 19.6 23.9 28.2 18.9 20,8 2. = 2.8
I 2 25/7 1%.6 18.4 20,4 20.h 17.0 24.2 17.2 18.7 3. = WN.8.
3 16/8 7.9 12.8 11.0 13.2 15.4 15.8 16 13.0 Lo = N.8
x 10.9 17.2 18.4 17.8 18.7 22.7 16.9 17.5 C.V. = 19.8%
:La g 2:1{‘
l 19/9 1200 2107 22-8 200(. 2008 2100 18a8 19«6 ?..e - 2»9
5 2 51/8 7.h Ly 20,6 20,2 1600 23.3 19.2 17.3 3. = 5.1
3 8/9 9.6 1.2 12.8 13.6 15.) 118 14.0 13.5 L. = 5.1
x 9.7 16.8 18.7 18.0 17uls 19.7 173 16.8 C.V. = 2155
10 = 2-»2
1 14/10 6.5 9,6 9.2 7.5 8.8 9.1 7.9 8.4 2. = 2.2
6 2 11/10 11.7 17.3 20.2 20.2 16.0 23%.7 19.1 18.4 3. = I.8.
3 13/10 12.% 16.1 16,4 16.6 17.8 19.7 16.0 16.4 4. = .8,
x 1002 o3 1503 10e8 1da2 1745 a3 Llheldy GV, = 18.7%
1. =12
Total 1 56 96 100 88 94 103 88 89 2. =13
for 2 69 100 114 123 92 139 106 106 %, o= NL.S.
1960 3 77 120 94 110 119 3122 113 108 Lo = N.S.
x 67 106 103 107 10L 121 102 101  C.V. = 16.0%
1 = 20
Totel 1 228 380 432 370 410 398 388 361 2 = 32
for 2 276 338 392 388 542 415G 365 360 3 = 5D
1958~ 3 368 385 365 402 378 420 K00 380 I = 59
59-60 311 368 397 387 377 ML 384 376  C.V. = 10.3
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Table 1.3l Dates on which the sections were cut during 1960 and

intervals between cuts.

Bection Cut 1. 2. iR dee 5. 6.

1 Date of cub 10/5 7/6 2/7 9/8  19/9  1,/10
Interval between cuts 0 33 25 38 L4 25

2 Date of cut 2/5 2i/5  2,/6  2s/7  3/8  11/10
Interval bhetwesn cuts 0 22 31 21 37 L1

3 Date of cutb 19/5  17/6  22/7 16/8  8/9 13/10
Interval between cuts 0 29 35 25 23 35
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- First cuts The cultivars growing alone showed different responses
to the varying timeg of cutting. The yield of 5.23 dld not increase
significantly from the earliest to the labtest cubt while both .Irish and
Hew Zealand gave increased yields at the latest cut. New Zealand
increased by 27.6 g. and Irish by L16.5 g Algo important was the
fact that, at the cut on day 2nd there were no significant differences
between cultivars, while on May 10th Irigh was apparently ylelding less
than New Zealand. By day 19th the pogition had changed and New Zealand
congiderably outylelded both ol the others and Irish, althouzh higher
than 5.23, wag not simnificantly so.

In section 3 the mixture of Irish and New Zealand reflected the

2o

higher yield of lew Zealand and was only Jjust signiticantly less than
it. The IS nmixture came between the Irish and $.23 yields while the
N3 combination was significantly higher than 3.23 alone and significantly
Lower than New Zealand alone. With Liigh, WNew Zealand and 5.23% together
the yield was similar to that of the NS mixture.
t should be noted that, although non-gigniiicant, the NS yield in

section 2 was hizher than New Zealand or 8.23 alone.
Secong cuts Considerin;; the cultlvars growing alone 8.23 gave a signi-
ficantly higher yield than Lrish in a1l 3 gections but wes only signifi-
cantly greater than New Zealand in sections 1 and 3. New Zealand
outyielded Xrish significantly in section L.

The wixture of New Zealand and $.23 was the highest average yielder
and was significantly greater than elther of its components in section
% but exceeded New Zealand significantly in all sections. The IS mix-

ture also showed a positive lnteraction in section 3 bubt wag intermediate

to Irish and 8.23 in the other sections. The coabination of Lrish and
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New Zealand showed no significant advantage over its components. The
INS mixture yield was significantly less than the best of its components
(8.23) in section 1, and showed no material advantage or disadvantage
over B.2% in the other sections.

Third cuts 8.23 again outyilelded Irish in all sections and was sipni-
ficantly greater than New Zealand in section 2, but produced sliphtly
lega than it in sectiong L and 3. New Zealand glpnificantly outyilelded
Irish in all sections except 2.

The NS mixture again, on SNCHEECH outylelded all other treatments
and ghowed the same significant positive intersction recorded in section
2. Its yileld in secbion 3 was also higher.than New Zealand or $3.23
alone, but not significantly.

The highest yield, as at the second cut, was given by the IS mixture
in section 3 where there was a pogitive inbteraction. ILn the other sec-
tiong IS zave glightly less than 8.235 aluone.

The I mixture wag higher than Irish but, only in section 2, out-
yielded New Zealand.  HIB never gave gignificantly wore than the best
of its components and 1o the sectiong 1 and 2 gave lesg.

Fourth cuts The mcan yields over the cubting sections showed the WS
mixture to be the most sroductive of all treustments; exceeding New
Zealand and 85.2% in all sections.

Irigh alone was by far the poorest ylelder while New Zealand and
5.2% were not sinificantly different. The II7, I8 and NS combinations
were of a similar magnitude and not sinificantly diiferent from New
Zealand or $.23.

Wifth cuts  The Irish yield was again considerably lower than New

Zealand or S.23% in all sections. 8.23 only significantly exceeded New
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Zealand in section 2, otherwise these cultivarg did not diifer by a
vractical amount.

The N8 mixture was still, on averaze, the mogt productive, but
did not signitficantly exceed its components although it did give vather
more than elther in sectlions 2 and 3.

IS “voduced more than 8.23 in section 3 (non—significant) but on
avera je was no better or worge tha: S5.23 alone. Tne T mixture si:ni-
ificantly exceeded both irish and New Zealand in section 2 but in the
other sectlions gave glihtly less than Wew Zealand alone.

The INS combination wasg not sizniliicantly greater or less than its
most productive components (New #ealand and 8,23} in any section.

SBixth cuts ALl treatments produced less in section 1 due to the short
rezrowth period. Irish alone was once more gignificantly below Hew
Zealand and 8.23 which did not differ signliicantly.

The W3 mixture did not, on averase, signiiicantly excead 3.23 but
in sectiong 2 aﬁd 3 did give a nolblcably weater yileld than either of
its components. The IN mixture algo outyiclded its components in sec-
tions 2 and 3 although, on average, it was not significantly greater
than New Zealand.

IS averaged less than S.23 alone although it did slizhtly exceed
it in gection 3. The THS wnixture always gave a vabher Lower yield than
B.2% alone.

Total for 1960 The extremely low production of Irigsh placed it well

below the other culbtivars both alone and in nixturcs. Wew Zealand and
5.2% were not gignificantly different but did show some interegting
revergals of poglition between sections. In section 1 and, egpecially,
section 2 S.23 outyielded New Zealand; in section 3 the roles were

reversed.
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The pogitive interaction bebween these 2 cultivars which had
occurred at almost every cut was signiiicant in the annual total. The
lLargest increase over New Zealand and 85.23 alone was in gection 2 but,
in section 1, only Just exceeded the yields of its components. In
section 3 the increage was only apparent relative to S.23.

IN wag not statistically greater than Hew Zealand alone but in
gection 2 it did exceed it by 23%.

The same remart. applies to the IS mixture which on average was
similar to 5.23 but did noticably outyield it in section 3.

IS was no bebter than New Zealand or 3.23 in sections 2 and 3 and,
in section 1, was rather worse.

Total for 1955-59~60  The graand total yield for the 3 years of the exper-

iment showed lrilgh, averaged over the 3 gectionsg, to be the lowest ylelder
but in sectlon 3 there were no gigniiicant differenceg between any of the
cultivarg, either alone or in mixbures. New Zealand and 5.23 were not
slgnificantly different although the 5.23 yield wasg consziderably higher

in both sections 1L and 2.

The NS mizture was the highest yielder although never significantly
exceedin, the mogt productive of its components in any section. The
lack of any positive interaction between New Zealand and S.23 in the
firat harvest year wag undoubtedly the reason why it was not significant
on the prand total. The trend was, however, present and in sectiong 2
and 3 i gave respective increases of 1h% and 12% over the mean yiclds
of its components.

The LI mixture also outyieclded its components in sections 2 and 3,
but not signiricantly and, in section 1, vroduced slightly less than liew

Zealand.
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The IS combination did not significantly exceed or fall below 8.23
da any section but, on average, was slightly poorer.

he mixbure of all 3 cultivars was no better or worse than New
Zealand or $.23 1o any section, but it did outyield Irish in sections
I and 2.

Averaged over all cultivar treatments gection 2 yielded significantly
Legs than the other sections.

Accumulative Yield

The accumulative yileld of all cultivar treatments during 1960 are
pregented in figures 1.30, L.3L and 1.32 for sections 1, 2 and 3 resnec-
tively.

Section 1. ALl yields in 1960 were low compared to previous years and
tivig wag mainly due to the slow orowth rate in the early part of the
SEUB0L.

frigh had the pooresgt growth rate of all treatments, the yield
steadily dropping behind +the others over the whole seagon. Wew Zealand
outyielded 5.2% at cub 1 then a more rapid growba rate put $.23 slightly
ahead. The pusitions were changed agzain at the third cut and 5.23 sub-
sequently displayed a rather greater productivity than New Zealand but
there wag never any éifference of practical importance between them.

The IN and I8 mixtures.followed the growbh curves of thelr mosgt
productive components (New Zealand and $.23); the low production of
Lrish having no apparent effect. NS gstarted the season with a yield
intermediate to New Zealand and $.23. Tor the next two cuts there was
little between these 3 treatments but afbter July 2nd the NS growth réﬁe
increased relative to New Zealand and 85.23 and a pogitive interaction

resulted. NS continued to rank first although (between.ﬁugust 9th and
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Beptember 19th) its rate of growth was slightly less than that of S5.23.
This occurrence wag a repetition, to a smaller degree, of the interac~
tion recorded in 1959 in section 3.

INS comaenced with a high yield siwmilar to New Zealand and for the
remainder of the year was intermediate Lto, or not greatly dilfferent from,
New Zealand and $5.23, which were its major components.

Section 2 A wider spread of yilelds occurred in this section than at any
other time or gection during the experiment.

Irish was again lowest in yicld for most of the season and, in total,
yielded much less than New Zesland or S.23. The yields of these latter
cultivars were clogely associated until July 25th, when the Vew Zealand
growth rate dropped and S.23% went ahead.

The IN mixture had a higher yield than New Zealand, and of course
Lrigh, at cut 1 and was as productive ag New Zealand up till July 25th
when, as hadalready been gtated, the New Zealand growth slowed down.

From then until the end of the seagon IN had an advantage over New Zealand.
In contrast to this the IS combination showed no advantage over its higher
yielding component, S.23, and was obviously being intluenced by Lrigh.

This resulted in a production curve which lay between those of its com-
ponents.

Once again the N5 mixbure displayed a growbh rate markedly higher
than either New Zealand or $.23. The 1argest'&ifferences in rates
occurred in the firgt half of the secason and thig carried the accumulatea
vield of N3 well above New Zealand and #.23.

The INS growth form averaged thoge of New Zdcaland and 85.23 through-

out the whole geason.
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Section 3 The luter first sprias cut of thig section completely alte-
red the relative positiong of the cultivar treatinents except lor Lrish
which occupied its now norual place, at the bottom of the Llist. T'he
cutting sequence ol gection 3 in previous years had always resulted in
an improved production from Irigh but evidently, by the third year of
the trial, its vizour was so reduced that it could not now respond to
more favourable management. Conversely New Zealand, which in 1958 and

o

1959 had not shown the typical early ilush characteristic oy that culti-

var outyielded all treatments at the first cut. It then underwent a
period of reduced growth before picking up and growing nearly as well
as the mogt productive treatments.

The management of thils section obviously did not favour $.23 as
its growth rate in June did nob show itg normal upswing. .Later in the
seagon it did incwrease slightly but the initisl Low preoduction prevented
its final yield from reaching the high yleluing group.

The IN mixbure was again similar in growth pattern to NWew Zealand
and 1t paralleled the New Zealand curve, at a lower level, throughout
the seagon. The IS mixture dirfered from previous yeaxrs in that bebween
May 19th and July 22nd its growth rate was much higher then 5.23 and,
of courge, Lrish. In the latter paxrt of the geason the rate of produc-
tion from IS was gimilar to S5.23. The N8 mixture started the season in
an intermediate position relative to its components but, by its rapid
zrowth, moved up to rank next to New Zealand and, in final yield, Jjust
exceeded 1it. Thig continued the trend seen in 1959 when NS was more
productive than its components. The combination of all 3 cultivars
showed characterigtics of hoth the New Zealand and S.23 growth curves
in different periods of the season and, as a result, occupled an inter-

mediate position.
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Effect on Yield of Combining Cultivarg

The yields of cultivar wmixtures, relative to their compunents,
are ghown in figure L33 as percentage increases, or decreases, com-
pared to elther Irigh, Hew Zealand or 5.23 growing alone. Ag indivi-
dual differences have already been examined (table 1.30) remacks are
confined to outlining the general trends.

Yield of Mixtures CGontainine Irish Relative to Trigh Growing: Alone

In this third harvest year the yield of Lrish growing alone was
sxceeded by all cowmbinations of lLrigh with the other cultivars in all
sectiong. The increases oﬁ total yield for the three years were least
in section 3. It ghould be noted that the gcale of the graphs showing
Irigh ag zero is smaller than that used for the comparisons of New
Zealand and 5.23 growing alone.

Yield of Mixtures Containing New Zealand Relative to New Zealand Growing

flone

In section 1L vew Zealand was only substantially exceeded by S on
two occaglons. Otherwise the mixtures tended to give a lower yield
than lew Zealand.

In gection 2 laryge pervcentage increages were recorded especially
from the N8 mixture which was markedly higher producing than Hew Zealand
in hoth the 1960 total and the total for the three harvest years.

In section 3 the effect of the later {first cut was obvious and the
vields of the mixtures were congilderably lower than lew Zealand at the
firat cut and then exceeded it at the second. Thereaiter only the M3

mixture conglgtently outyielded New Zealand.




*puoTe Sutmoal seanjXTw oYL Jo Sjusuodmwoo oy 01
SATIETOX SOINGXTH JBATITNO JO SPTOTEX  ¢¢°T oInSty

- 25T -



S DECREASE oR INCREASE © DECKFASE oOR I NCREASE

. 3 o 1 w - - »
= - P T LI r + @ 5 b B0
g ¥ B @71 +9 ) 4 ° oo o 3 % 5 & ©
i A s s N
~ P
[Rp— -
. °o-0-0—
- - — — — b —eaeq
i e O — @S 4 —e - -
B T e Bl o Fo-0-0—1
: o ——t
-— H i
0 =z FO— OO — b2l - O — O
B —
w N i w —
S . — . — b P
-0 [ — O —0—
.
€ fom— el e ———
» N v~ - =
r ° [y - o 00—
. Z z
.z m Z =
- .
oS " u o=
5o o o
e © - — w
— - - o o~ = = ™
& 0~ o Q-0 P
=)
oL - — I ..4
g ] am b -
n [ b Ot o
\
o z
!
s
a . -
4 et
B e S r
— QO Ot
— =t
b @~ B @ §—p -
g sl
S
z . e e 8 e gy i S,
N 3 o~ b —a— bvd ’—b—o —~ e i
N i \n — ;
- = s
B T T T b
a - wn Ot
< Pl @
i Q -
z L R R N S ol T 1 | | ®» - = =
o S N P S 5 e | ~ fo—o—n—0—a—
[ a
¢ p—e -~y o s z
° o= @ e — @ B e L L - - L -
— - ) -
-0 -z 0 Fa w FO-~Q —
p—————t Z » o S
=@ v S
PO+ . . O—O—+
s — o —a— -
-0 — (=04
e - - ~ - s
;‘: . R T T —y - - R
“ Q=0 = OO~ 0 —0 0= — 00— N fre
— e an New iy — . — ; !
md (R S » : A i U Y
@ 3 — Ot Q@O O Qe ) e e (3 e @t
o [0 i v — L]
»? I ~a— bl b —
u 2 z o A o—a—o-t »
H m
o » —_ e e ey N - w n
.5 - |~ & — 8 oy . o — & —y P [ —— —— o —y
o o O O Qo O = Qe O O o Qemt -
Pl o —_
o0 z mro r - [/ o
& o] — By E— -
5 z S z
" Q- z z —t
— [~] b -t m LU S— w
" T ] " n =~
5 ~ o s o=
538 e —
= — e B D et o~
[ Do O Tt Fo—o~—y
<
L -
[N b &y la
4 == -
o0
}
N
o




..153..

Tield of Mizxbures Contalning S.23% Relative to 8.27% Growing Alone

Apart from the first cut, when NS and INS exceeded $5.23, the
yields of the mixtures, in section 1, were, in general, lower than

S.2%.,  On the 1960 total only NS showed a very slight increase over

5.25 growing alone and, on the 1958-60 total, all mixtures containing
B.23 displayed lower ylelds than 8.23 itself.

In gsection 2 the pattern was extreumely intercsting as the N3
yield was markedly bhetter than 3.23 while IS and INS were Jjust as
markedly poorer. N3 showed a substantial increase on the 1960 total
and a lesser one on the 1958-60 totbal.

In section 3 8.23 was exceeded in yield by all mixtures and most

noticably by N3.
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Percentages Digtributbion .of Seagonal Production

The seasonal production of the varilous treatments expressed as
percentages of total yleld are piven in table l.32.

Section 1 Trigh and New Zealand gave nearly 250 of thelr total yield

at the Tirst cut and $.23 only 17%%. The IN and INS cowbinations were
similar to the early maturing cultivars but IS and NS showed the lower
percentage assoclated with S.23. At the second cul the 5.23 gzave the
highest percentage of total yleld and in consequence the IS and N3
treatments showed up slightly above the Irigh or New Zealand figures.
The rest of the seagon ghowed Little variation bhebween cultbivar
treatments. The only difference of any note occurred at the cut on
Aupugt 9th when the Irish, New Zealand, IN and INS mixtures were lower
than 5.23, I8 and NS,
Section 2 This section displayed somewhat similar trends as were evi-
dent in section 1. - &b the first cut the only difrerehce was in the NS
mixture which was intermediate between the high and Llow figures for Hew
Zealend and 85.23 regpectively. The higher bulk from 5.23 did not occur
until the third cut compared to the second cut in section 1 but by actual
dates it can be seen that both of these cuts occurred in June. The
only other noticable difference was at the late Auzust cub when Irigh
and New Zealand were Llower than all other treatments.
Section 3  The later first cub resulted in greatly increased percen-
tages of total yield from Irish and New Zealand. $.23 and mixbures
containing 85.23 were only slishtly increased. The gecond cut showed
a complete revergal witn 35.23 and 1ts mixtures givin:: the higher percen-
tages. Over the remaining L cuts there were small but not consilstent

differences between treatments. Ag in 1956 and 1959 the greatest, and




Table 1.32

Section 1.

Cultivaxr
Combrinations

I
N
8
I
s
NS
s

Section 2.

Zwe s

i
IS
N3
INS

Section 3.
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Percentage digtribution of total yield during 1960.

10/5

24
22
17
21
17
18
24

2l
25
18
25
17
20
21

19/5

39
Ll
25
37
24
28
29

7/6

13
11
16
11
1
1

12

1.7/6
7
5
12
6
15
12
1.2

Date of Cut

2/7

10
12
1L
1L
12
11
11

22/7

16
18
20
18
20
19
20

9/8

20
21

24,

22
2b
27

22

25/7

19/9

22
23
23
23
22
21
22

31/8

1L
1L
18
16
17
17
18

8/9

12
12
L
12
13
12
12

14/10

1L
11
9
9
10
9
9

11/10

17
17
18
17
17
17
18

13/10
16
13
17
15
15
16
1A
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mogt daporsant, changes in the disgtribution of yield resulted from
changes in the date of the first cut, and not from varyving the cultivar

mixtures.




- 157 =

A

Actual Percentace. and Fotentiasl FPevcontaje, Contribution to

Yield by the Components of Cultivar Mixtures

Actual Contribution

Irigh rvesrass

The percentage contribution o yiéld made by lLrish ryegrass when
growin-: with New Zealand and/or 3.23 is shown in table 1.33 and f{ilsures
L.27, L.28 and 1.29.

Mirgt cuts In coabination with New Zealand or 8.23 Irish averarsed
contributions of only 18 and 150 respactively. However, with New Zealand
the contribution of 29% in section 3 wag significently greater than the
10/s given in section 2. With 3.23 the trend wéﬁ for o hipher percentase
in section 2 but thig was not alpnificantly pgreater than the contribution
in the other sections. With both New Zealand and S.23% present the con-
tribution of Irish was similar in all sections and averaged 10%.

Second cuts The position here was not greatly different fron the first
cutg. The contribution with New Zealand roge slishitly but fell to a
corresponding degree with £.23 and New Zeasland plus $5.23. The highesgt
contribution of 28% was again with New Zealand in gection 3.

Third - Bixth cuts Over the remainder oi the year the contribution of

Trigh varied Little from cut to cut.
With New Zealand it renged from an average of 205 to 1L6% buf was
always significantly higher in section 3 wreaching a meximum of 32% at
the fifth cut.
With 5.23% the average varied betwsen 7y and 90 and did not differ

sisnificantly between scectionsg although it was always lowest in section

10
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"With Wew Zesland plus $.2% the range was from 6 to G and wag

very congigtent from section to section.
) i in
Total for 1960 The hishest contribution of Lrish was/section 3 when

combined with New Zealand. On avera e $.23 had a greater depressive
eftect than New Zealand, but not in section 2. With all 3 cultivars
together Lrish averaged &% and thisg was not affected by times of cutting.

Total. for 1958-59-60  Trigh contributed less when in combination with

$42% than with New Zenland.  VWith both New Zealand and 3.23 present
Irish save 17% of the combined yield. The effect of cutting sections
was not significant but suggested that Irish was contributing more in

section 3 esgpecially when in association with New Zealand.

New Zealand rye-rass

The pevcentace contribution made to yleld by New Zealand rvesrass
when growing with Irish and/or 85.23 is shown in table 1.3l and fisures
1.27, 1.28 ond 1.29.

FMirat cuts New Zealand was the dominant partner with Ivish averasing
03 of the yield but this wag reduced to 72% at the latest cut on ilay
19th. In association with $.23 New Zesland held its own and produced
L of the yvield, which was not sioniiicantly influenced by cutting
section. The compensating influence of the presence of both Irigh
and 8.23% allowed New Zealand to contribute an averaze of 46k of the
yield and although higher, at 58/ in section 3 the difference was not
gimi fio ant.

Second - Sixth cuts  The contribution with Trish remained falrly con-

stant bein : always lower in section 3 but never falling below 687,
With S.23 the contribution fell markedly from the first cut to
range hetween an average of 28=3050, There were no consistent trends

assoclated with the date of cutting.
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The contribution with Irish plus 8.23 followed the same lines as
with S.23% alone and averaged between 23 and 28%.

Total for 1960 As was evident at the individual cuts New Zealand with

Irish gave the bulk of the yield (82%) and only in section 3 was there

a significant reduction to 72%. With S.23 the New Zealand was suppressed and
gave 325 of the yield. In combination with both Irigh and S.23 New

Zealand also contributed 32%.

Total for 1958-59-60 Over the 3 years New Zealand with Irish gave over

70% of the combined yield in sections 1 and 2 but in section 3 this fell
to 62%. S.23 depressed the contribution of New Zealand to a mean of 39%
and within the sections the percentages were not significantly different.
With all 3 cultivars together New Zealand contributed, on average, 29%
of the yield.
B.23% ryegrags

The percentage contribution to total yield made by S.23 ryegrass
when growing with Irish and/or New Zealand is shown in table 1.35 and
figures l.27, 1.28 and 1.29.
Pirst cuts 8.23 dominated the IS mixbture and produced 85% of the yield.
Thig varied (non-significantly) from 92% in section 1 to 78% in section
2. With New Zealand the S.23 was held to an average of 52% but, as
when combined with Irish, it was highest at 61% in section 1. In the
INS mixture S.23 was the highest contributer in the sections 1 and 2
when it produced 50% of the yield but, in section 3, this fell to 33%.

Second cutgs The percentage contributions of 8.23 increased in all
treatments and was mogt marked with New Zealand and New Zealand plus
Iprish. With Irish the highest contribution of 95% was -again in section

1 but, with New Zesland, the percentages in sections 1 and 3 were gimilar
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" and higher than that in section 2. When all 3 cultivars were together
the cutting section effect was very small.

Third - S8ixth cuts There wag little change in the $.23 contributions

during the remainder of the year. With Irish, S.23 gave over 90% of the
yield and between 70 = 72% with New Zealand. In both associations the

contribution of $.23 tended to be higher in gection 1. In combination

with both cultivars the percentage varied from 64 - 67% and cutting sec-
tiong did not exert any marked or significant influence.

Total for 1960 Ag percentages of the amual total 8.23 had completely

dominated its Irish partner with a mean contribution of 90% and had ave-
raged 68% of the combined yield when in agsociation with New Zealand.
It wag algo dominant at 61% in the INS treatment.

Total for 1958-59-60 The effect of the early years of the trial was

gseen in the rather lower percentage of 79% for 8.23 with Irish compared
to the 90% in the 1960 total. With New Zealand, however, there was only
a difference of 7% between the 3 year's and the 1960 total. With Irish
plus New Zealand the S.23 gtill appeared as the dominant cultivar as it
produced 53% of the combined yield.

Potential Contribution

In order to allow a precise measurement to be made of the effects
of competition, tables 1.36, 1.37 and 1l.38 were constructed, in a gimilar
manner to tebles 1.7, 1.8 and 1.9, from the yield daba presented in table
1.30. |

Irigh ryegrass

Table 1.36 gives the data on the combinations of Irish with the other .

Cultivars.




1960 related

ing

.

eld dur

1varse.

74

rass B0 ¥

g
ween cu

on of Irish rye

e contributi
ne and agsuming no conoebiti

ercentag

P

al

rowing alo

otenti

=
whe

Table le36

on
are

I

atributi
tilons

actua
the deviai

c
isg,

3

ation
thes

i
narent

(<]
n

and,

L
[

resul

1%

T

cacn

3
4

20

=
C

cn Det
ongs

3

-

noa

@

Av

e

&

=
o}

<

otentisl

N

13

M

.
X0

(table L1.33)

g

1 asg

Tesged

-
b

e

u'th

7

Irish

P T

e o
[~ e 1

R AT

] OO ™=

HE IR

i
C} ") Ty
NI ey

PO porrmarong o

(\S C\l(“\l«'\
-0

RS LA
[T QS
379
L N e
T od O
,v*\;-«\',.—-\
PP~ O
OO
\_.«’\..a'\/
O IO O
o IO
[N B |
[N Wall
PN By

TN TN
O\ D
OO

B
e R
o O MY
RN
{3 e L0
g

i

© A0 LND
B \:

[ e Ll
] [aVRrEe

ut

[a\}

Al
OO
\D\D Y
RPN N
LY My MY

[ w C}i o 0!4
D P e
IR Y e

e e
LSS AN ot By 4N

e LONO \D
L R Ny

f“‘v“\/—\
[S\E S Iy
[Sa Rt
R S LN
O - O
o NY QI
[1p] } l l\
[Nt K¢
B T

o
RERF R Y B

8]
3
g
81) 23-15(65) 33-23{70)

f
y
y

Al
7
\

o -3 O

Py RN Ry
MRk
My 2’ MYy
TN TN TN
O ~Jion

~
ANO P pY LY

3
O
3
3{

3N f‘r'\r'l*! [aN}
LOY O 00O JON

3

! 1
O O3 Y
O o
BTER

D O
O M~ I~
e bt
ed L0

RS
Ly MY ON
POy POy Y

AN N
\O CO I~
LOY P~
\...,-’\....I‘-s./

6-18{50) 36~29(8C) 22-16(73) 31~-21(68)

,
2
;
!
-
J
z
2

M~ ~\0 [\O
S S M (e
P~ - pyvpey
ol ol o C}S
]
\O o) NO
(TR YW N E¥aN
RN, LT
ON LN Py
NO P PP
St St N f i
o0 W ONON
T T
0 O
[A\BR VAN RN
ST e
f‘O O =1 [ O
[val
‘-...Jt. N LS
O W ooy
Ny C}] I\;\ I\;\
[ <
e Il
TN TN
[s'e BNaN| [q;
O P~ -3 NO
N N A
{~ ONODINO
Pl i
QO G Mo
2323
223
o~ -
T
[ B B
\O
i aiie TSl Ca ¥
[ e e
[~ Oy IOV ND
QL N T
YOO
Y
NN NO B
O O MY MY
TN e
[SUREa N ol Ha\!
O W0 N
N Nl S e
Y = Py
vl r{l ~t r‘l«I
] ™~ {4
A ] O
i T o W P
0 - sk
QN P
R Tl A
O ol
TSR
-0
ANV RYLN
AN TN BTN
[OAX®)
Iy Uy N
M N [’
N O ™~
TR
QO i~
RER 91
OO0 O
Ny
(62N r'*l\C‘?B.
i MY
et QMY R
LMy

Eain Touin Y ¥
C}r [~ o
LY
R L L
LOV 20 P~
L s B o |
| ]
o
MY MY T

T T
cQ \Q o
R ey

et N .—’ \ﬂ/
C;‘ Ny QA
et e

[ R |

O 0D Wy

O Q3 My

£2+2)

1) 107

1
¥

29-12(

PN LT
Ha el s\
Ly 1N
QL e
N O NS [
TV
Q3O |-
=a= Yot

3
e W e N Pl
LOY O O | LY
Oy o4 ey
T e P
Ly O~ IND
:—-i OJ r*‘"( r*!"{
rx"\ L(”\ ON{NO

PR G o

i i O
@ & CO \O
2 Oy
G G ON O
22| ~ 0
FTTNS T T
N P~y
[ T WY D
L S g
e O
O O N

R
& -
B Ry Y [ 1
T T TN BN
- -l ON I
O N0 N0
R N L Tl
<k~ ho
TR
O g0 pk
[AUN s\ B aNIR Kol
AT b
NN \O Tk
GO N P~
e b
oy e
My C‘I\I Iy C;J
O GO O ON
MY I ey
SN TN
Ly ) 00
O T DY
R T N
o et
R
P~ =1 O ON
N~ POy PR

~ O MoK

r-(é&;O

42 OO
(oI % I e2N
£ —




_165._

Pirgt cutg The potential contribution of Lrish with New Zealand was
gimilar in all sections but, the degree of its suppression, was noticably
less in section 3 where it amounted to only 24% of potential compared to
63% and 75% in sections 1 and 2 respectively.

In association with S.23 the Irish contribution wag, on average,
more geverely suppressed and, was greatest at 82%, in section 1. In
contrast to the effect with New Zesland, Irish with S.23% was least affec~
ted in section 2 where it contributed 50% less than its potential.

In combination with both New Zealand and S.23 the mean depression
of Irish was 64% of potential and was not markedly changed by the vary-
ing dates of cutting.

Second cutg The suppression due to New Zealand was again least in
section 3 and averaged 54% over all sections. This was also true in
combination with S.23, where the average was 68%, and ranged from 83%
in section 1 through 67% in section 2 to 59% in section 3.

In the INS mixture Irish averaged a depression of 71%, a similar
amount to that resulting from the presgence of 8.23.

Third cuts New Zealand conbtinued its suppressive influence on Irish
and, as before, this was least in section 3. 5.23 on the other hand
increasged in aggresgiveness towards Irigh and further reduced the con-
tribution of the latter compared to potential by an average of 80%.

The management of gection 1 cauged the greatest suppression of Irigh.

In association with both New Zealand and 5.23 the suppression of Irish
wag intermediate to the effects of either geparstely and wag not affec-
ted by cutting section.

Fourth cuts The results for these cuts were very similar to the previ-

ous ones and the same general palttern was maintained.




- 166 -

Fifth cuts At this period the dominating influence of New Zealsand was

- rather less, and, was chiefly confined to sections 1 and 2 where it

caused a 59% reduction in Irish contribution compared to only 20% in
section 3. The suppression due to 5.23 was also, on average, slightly
down but in section 1 remained high at 89%. The suppression due to the
combination of all 3% cultivarg was also slightly down but still averaged

62% whichy it will be noted, was greater than the effect of New Zealand.

Sixth cuts The suppressive influence of New Zsaland was higher than

in the fifth cuts. With S.23, in section 1, the greatest reduction of

Irish contribution again took place and, on avera;ge, 5.23 was still the

most aggressive cultivar. The effect of both competing cultivars toge-
ther on Irish was intermediate to either alone.

Total for 1960 The Irish contribution to total yield was seriously

reduced by a mean of 54% when associated with New Zesland but was still
furthexr reduced‘gl 7h% of its potential by S.23.  With both New Zealand
and 8.23 present the reduction was 67%.

Interaction with cutting sectionsg was agaln noticable, the New
Zealand effect ranging from 28% in section 3 to 71% in section 2.  With
S.23 the greatest reduction was 89% in section 1 and least, at 66%, in
section 2.

Total for 1958-59-60 On the total of the three years of the experiment,

Irish was suppressed by an average of:i-
(a) 35% by New Zealand,
(b) 52% by 8.23, and

(¢) 11% by New Zealand in association with S.23.
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Within sections, the mogt marked effect of management wag the relatively
low suppression of 22% in section 3 (i.e. in combination with New
Zealand). The effects of 8.23 or New Zealand and S.23 did not vary
greatly over the sections.

New Zealand rvegrass

Table 1.37 shows the effects of inter-cultivar competition on the
contribution to yield of New Zealand. On average New Zealand appeared
to be little affected by competition because what it gained in associa-

tion with Irish it lost with 3.23.

First cuts As the date of taking the firet cut advanced the percentage

increase of New Zealand in association with Irish fell. With S.23, New
Zealand itgelf was guppressed, especlally in sections 1 and 3. In sec-
tion 2, which was the firgt to be cut in gpring, the suppression was
only 2%.  With both Irish and 8.23 present New Zealand was slightly

suppressed in sections 1 and 2, but made a gain of 21% in section 3.

Second cuts New Zealand increased at the expense of Irish but was

more geverely suppresged by S.23. Again these results were modified by
cutting section as, with Irigh, a noticably smaller gain was made in sec-
tion 3 and, with S.23, the depression in section 2 was only 4%. In
contrast to the first cuts New Zealand was slightly suppressed by Irish

plus S.2% in all sections.

Third cutg The average gain in the pregence of Irish had fallen to 28%

mainly due to the low figure of 9% recorded in section 3. With S.23,
the suppression of New Zealand continued to increase but was still lowest
in gection 2. Similarly with all 3 cultivars together the suppression

of New Zealand increased bub, in this case, was leeast in section 3.
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Fourth cuts The gain of New Zealand over Irish was back again to
nearly the same level recorded at the second cuts with the same tendency
for a lower figure in section 3. On average the effect of S.23 had not
altered and was still depressing New Zealand by L42%. The combination
of all 3 cultivars was also similar to its effect at cut 3 with the
smallest suppresgsion occurring in section 3.

Fifth eand sixth cuts The increase of New Zealand over its potential

when in combination with Irish averaged 27% in the fifth, and 43% in the
sixth cut. This pattern is gimilar to tﬁat of the third and fourth cuts
when the New Zealand increase was 28% and 38% respectively. In both

the fifth and sixth cuts the percentage was lowest in section 3.

In association with 8.23 New Zealand was suppressed by 36% and 42%
ragpectively in the last 2 cuts with the smallest suppressions of 20%
and 30% in section 2.

With both Irish and 8.23 present the average suppression of New
Zealand was smaller at the sixth cut where, in section 3, it was only
3%

Total for 1960 On the annual total New Zealand increased in the pre-

sence of Irigh to almost the same extent as it was suppressed by S.23,
while with both present the influence of 5.23 was the gtronger and New
Zealend was suppressed by L16%. The same trends ag were recorded at
each cut, nemely a smaller gain with Irigh in gection 3, and a smaller
suppresgion with S.23 in gection 2, were again evident.

Total for 1958-59-60 The same general statements were true for the

grand total ag for the 1960 total with the additionel points of interest
that, in competition with Irish plus S.23, no gain or loss was evident
in gection 3 and the suppression due to 8.23 wasg only half of what it

had béen in 1960.
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S.23 ryegrass

Table 1.38 gives the percentage increases in S.23% contribution due
to its combinations with the other cultivags. In all cuts and sections
8.23 gained by its association and the only influence of the different
combinations was on the degree of this gain. As most of the detail of
these inter-cultivar relationshipg have been mentioned when presenting
the resultg for Irish and New Zealand only aspects not already covered
and some general points of interest will be referred to.

Mirst - sixth cutg Irish was, on average, most severely suppressed in
the first cut although, as in 1959, this did not coincide with the great-
egt actual contribution to yield by S.23. QOver the rest of the year
8.23 made gains, at the expense of Irish, amounting to 37%, 47%, 48%, 38%
and 53% for the second to sixth cuts respectively. The percentages
within cutting sectiong did vary, but not in any consistent manner.

The increase in the presence of New Zealand was less than with
Irish and was fairly constant over all cuts and ranged from 22% at the
second cuts to 38% at the sixth cuts. The interesting fact was, how-
ever, the much lower gain always recorded in section 2.

The increased contribution of S.23 in association with both New
Zealand and Irish was, from the gecond cuts onwards, greater than those
achieved with either singly, and reached an average maximum of 68% in
the third, fourth and sixth cuts. The effects of cubtting section were
noticable but not consistent.

Total for 1960 $.23 made the greatest increase over its potential when

in combination with both Irish and New Zealand. Irish came next in
order of suppression and New Zealand last. Apart from the INS mixture,
S.23 made smaller gains in section 2, especielly in combination with New

ealand.
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Total for 1958-59-60 In the three year's total the pattern was the

same except that the difference between the percentage increases of S.23%
with Irish and Irish plus New Zealand was less (2%) compared to 12% on

the 1960 total.
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Plant and Tillexr Numbers

Plant Survival

The survival of each cultivar in the spring and autumn of the 3rd
harvegt year is given in table 1.39.

Irigh ryegrags The percentage survival of Irigh was markedly reduced

by its partnering cultivar. By itself 55% and 53% of the Irish plants
had survived in the spring and aubumn regpectively. This was reduced
to L43% and 4O% in the presence of New Zealand and to 30% and 23% with
S.23., When both New Zealand and 5.23 were present the survival of
Irigh wags 45% and 40%. There was a slight, but not significant, increase
in survival between sections 1 and 3.

New Zealand ryegragss The survival of New Zealand ryegrass was greatest,
at 77%, when in association with Irish. With S.23 the percentage of 5l
wag similar to New Zesland growing alone while in combination with both
of the other cultivars it was slightly, but not significantly, higher.
The variation between gections was small and not congilstent.

8.23 ryegrags There were no gignificent differences between the sgurvi-

val percentages of 8.23 in the spring but in all cases more 5.23 plants
had survived when combined with Irish and/or New Zealand then when S.23
wag alone. In November the 78% survival in association with Irigh was
significantly higher than the 64% recorded for S.23 alone. In combina-
tion with New Zealand or New Zealand plus Irish the S.23 survival was
higher than that cultivar by itself but the increases were not gignificant.
Comparing the figures for the cultivars growing alone it can be
seen that there was little difference between Irigh and New Zealand

while 8.23 was about 10 higher.
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Mean tiller- numbers per plant

The mean tiller numbers per plant at the end of the third harvest
year are gilven in table 1.40.

Irish ryepgrass In the presence of S.23 and S.23 plus New Zealand the

tillers per plant of Irish were halved compared to Irish alone. The
competitive effect of New Zealand was not so great but still caused a
marked reduction in Irish tillers. Differences between sectiong were
not gignificant but did show a trend towards higher tiller numbers in
section 3.

New Zealand ryegrass New Zealand plants had more tillers when growing

with Irish and fewer with 8.23 than when growing alone. With both Irish
and S.23 there was a compensating effect giving an intermediate result.
S.2% ryegrags The effect of companion cultivars on the tiller produc-
tion of 8.23 varied bhetween sections. In section 1 the combination with
Irigh regulted in an increase in 8.23 tillerg to 87 per plant comparsd
to 61 when growing alone. With New Zealand.the number was 72 and, with
both Irish and New Zealand present, the result was almogt the same asg
for S.23 alone. In section 2, on the other hand, there was no increase
in association with Irish but a marked increase with New Zealand and
Irigh plus New Zealand. Sectlon % wag dlfferent again, in thalb there
was an increase with Irish and Irigh plus New Zealand but a smaller and
non-gignificant increase with New Zealand.

Considering the average figures for the cultivars growing alone 1t
appeared that Irish and New Zealand had similer tiller development while

S.23 had 7-8 more tillers per plant.




Table 1.40

Section

B hapo
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A
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iiean tiller number ner plant at November 1960.

Irish vyveprass

ith With With -

Alone e 5.23 E+5.23 by
52 28 16 1.8 28
50 25 23 22 30
56 L3 36 30 42
53 32 26 23 33

W.4. ryegrass

With Aith Jith .

alone Irigh S.23  Trigh+9.2 %
55 61 29 41 L6
49 80 29 45 51
59 57 5L L9 5.
51y 66 26 L5 50

53.27 oyo_rass

With VWith With N

Alone Trish Wode Trighells x
6. Y 72 62 70

53 5k &7 86 71
68 89 73 97 82
61 77 77 o 78

1=, 9,
2=12

%, 07,8,

C ovo 329 ° 7-&;
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Tillerg Per Unit Area

Table L.41 and figure l.34 give the total tillers per sg. ft. for
each treatment. The differences between éultivar treatments were not
significant but the management of section 3 resulted in increased til-
lers per unit area for all combinations except IN and NS. Averaged
over all sections Irish alone had the fewest tillers and S.23 alone and
mixtures containing S.23 noticably more tillers than the other cultivar

treatments.
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Table 1.4l  Total tillewrs pcr asq. £6. at November 1960.

Section Cultivar Dreastments

a3 IN I3 N INS w L3,
945 1050 1322 935 1258 1175 926 1095 1=148

L
2 9,0 1048 1272 1138 852 1470 1202 1132 2,3, =8,
3 1075 1160 1580 111z 1502 1282 1300 1288 C.V. =30, 2
x

987 1086 13%92 1070 1204 1309 1143 1171
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Actual Percentage, and Potential Percentage, Contribution

to Tiller Production by the Components of Cultivar Mixtures

Actuel Contribution

The percentages of the tillers produced per sq. ft. by the compo-
nents of the various mixtures are shown in table 1.42 and figure l.34.
Irigh ryegrags The contribution of Irish had fallen to 14% averaged
over all ‘treatments. The average ef'fect of New Zealand was reflected
in a value of 22% compared to 10% with 8.23. There were, however,
congiderable differences between the sections as in the gections 1 and
3 the contribution with S.23% was less than with New Zealand, whereasg
in section 2 both effects were equal. Also, the contribution of Irish
with New Zealand was congiderably higher in section 3 then in either of
the other gections. The influence of New Zealand plus S.23 was simi-
lar in all sections and Irish averaged a 10% contribution in this associa-
tilon.

New Zealand ryegragsgs The results for the contribution of New Zealand

showed that it produced only one third of the tillers in conjunction
with 8.23 than it d4id when partnered by Irish. With both Irish and
S.23 pregent New Zealand produced 27% of the tillers. These results
were modified to the extent that, with Irigh in gection 3, the contri-
bution of New Zesland was reduced to 63% compared to 84% and 86% in the
other sectiong. With 8.23 there was a higher contribution in section 3.

S.23% ryegragss The contribution made by S.23 to tiller production was

unaffected by cutting management but was higher (90%9 with Irish than
with New Zealand (76%). The figure of 63% obtained when both Irish
and New Zealand were pregsent showed that S.23 was also dominating that

mixture.




Table l.42

Section

# e b W o o

Hivio
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Percentage of total tillers per sq. £t. conkribubed by

the components of the mixtures at November 1960.
Significant differences were calculated on
angularly transformed values which are
showm where apprcpriat@ in parenthegig.

Trigh With

N. 7. $.23  W.%.48.23 ¥ L.s.D.
16%233 3(103 11(18 10 1=N.8.
1421 12( 20 3(16 12 2=
37(37) 14.(22) 10(18 20 37
22(27) 10(17) 10(1.8) 14 4=10 )

GV =22.9%

N.Z. With

Irish 8.2% Irt"h4u. 23 x  1=N.8.
867 20( 26 30 L3 2=

86%69 2127 50 W5 327

63(53 30(33 0(33 41 =10
78(6%) 21,(29) 7{31) 43 C.V.=11.75%

$.23 With

Trisgh N.Z. ZIprish+N.Z. ¥ 1=.8

97 80 Gl 80 25

a8 79 65 bb 77 3,hl8.
86 70 59 4o 72 C.V.=9.8%

90(73) 76(61) 63(53) 76
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Potential Contribution

In table l.43 the pobential., ox hypothetical, contributions of
the components of cultivar mixtures are given. Thig table was con-
structed, in a similar manner, to btable 1.15, from the data in table
1.41 which sives the tiller production of the cultivars growing alone.

Irish ryeprass The presence of New Zealand suppressed the Irish tiller

contribution by an average of 54% bul the effect varied with sections
and wag 66, 70 and 23% in gections 1, 2 and 3 respechively. The sup-
pression due to 8.23 was higher, on average, but was similar to the New
Zealand effect in sgection 2. In section 1 the extremely high reduction
of 93% was recorded but, in section 3, Irish did relatively better and
was only suppressed by 65% of its potential.

The suppressive effect of both New Zealand and 8.23 together gave
a regult intermediate to elther separately, which did not vary greatly
between sections and averaged 64%.

New Zealand ryegrass New Zealand contribution was suppressed by S.23

to almogt the same degree as it increased in the presence of Irish.
In both agsoclationg the gmallegt decrease oxr increase occurred in
gection 3. With all 3 cultivars pregsent the aggressive influence of
S.23 dominated, and New Zealand was suppressed by 22% and 19% in sec-
tiong 1 and 2 respectively. In gection 3, the effects balanced, and
the New Zealand contribution was the seme as its potential.

S.23 ryepragg S.23 dominated all aggoclationg but always to a lesser

extent in section 3. On average, 8.23 increased its contribution by
52 and 36% with Irish and New Zealand respectively. In combination

with both cultivars 54% was averaged.
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DISCUSSION

Comparigon of Methods

The technigue of individually cutting grasses growing within the
squares of metal mesh,which wag developed for the experiment,may appear
onerous, but when the aids to accurate and quick sampling are employed
the time required for sampling is not excessive; two men were able to
sample 28 plots in uwnder 2 hours.

A technique described by Jones (1958a) in which the cultivars were
‘grown in rows 4" apart, is similar to the mesh but does not allow such
intimate mixing of plants nor could individuals be so easgily traced.

The persistence of cultivars in a sward can be estimated by the
method degeribed by Charles (1961). This, however, involves the removal
of a random selection of tillers from the sward, growing them as spaced
plants and typing them by their habit of growth, time of ear emergence
etc. Two major gsources of error may effect the results obitained in
this way, firstly the error in drawing the tiller samples and secondly,
errors in clasgifying the plantg due to the overlapping range in growth
habits and timeg of ear emergence displayed by certain cultivars. For
example, it is doubtful if New Zealand and Irish could be separated by
this method. In addition, the time, labour and space required to deal
with a large number of spaced plants compares unfavourably with the mesh
technigue where the area of ground taken up is very small and the only
limitation to the number of treatments and replications used is the labour
avallable for sampling. By the use of the mesh, plant deaths can be
immediately seen and population changes followed throughout.

The mesh technique is obviously not applicable to creeping grasses

and even with ryegress there is a tendency for plants to0 spread beyond
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their original squares due to the death or suppression of a weaker
neighbour. It was, however, usually possible to determine the origin
of a plant and by charting the posgition of each plant (as was done at
the start of the third harvest year) an absolute check was made.

The method of establighing the plants in the mesh by growing
them firgbly in individual paper containers and them dibbling them
into the mesh was rather tedious. In experiment 2 the plants were
egtablished by gowing direct into the mesh and, provided guitable pre-
caubiong are taken to avoid movement of seeds from one square to ano-
ther, this method is satisfactory.

The use of the wire mesh gives a control of plant units usually
achieved only under greenhouse conditiong,as throughout the coursge of
the experiment the different cultivars were always readily identifiable
although on casual inspection the plots appeared to be part of a normal
gward. It is noteworthy that, in spite of working with very small
plots, the coefficients of variation were gimilar to those obtained
from the much larger plots commonly used in cultbivar comparisons. The
technique could be applied to any investigation which required the rapid
and accurate identification of individual plantsg or species whose vege-
tative characters are gimilar. It may be especially useful to plant
breedexrs who degire to test small quantities of geed under sward condi-
tiong or even to meke gelections on the basis of sward competition.

The alternative to this appsars to be the use of gpaced plants whose
ugefulness as a gulde to performance in a sward ig doubtful, Green and

Byles (1960), Lazenby and Rogers (1960) and Wright (1960).
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Choice of Cultivarsg

The 3 cultivars used represent disbinct types of perennial rye-
grasses which are commonly used in seeds mixtures either alone or more
usually, mixed together. Irigh was chosen as representing the early
growing, stemmy, short lived type and because it is the mogt widely
used ryegrass in Britain. New Zealand, a more leafy and pergistent
vergion of the early ryegrass, was included as in a previocus trial at
Auchineruive, Hunt (1956), it displayed a fairly even growth cycle and
outyielded the other ryegrass cultivarsg in the trial and so appeared
particularly sultable for west of Scotland conditions.

To provide a contrast, a late maturing ryegrass was necessary and
for this S5.23 was chogen to represgent the extreme pasture type, rather
late in spring, very persistent and leafy.

Cutting Method and Manuring

The 18 cm. height which had to be reached before the plots were
cut was selected as approximating the correct stage at which the grasses
would have been grazed under farm conditions.

The decision to base the time of cutting of the main plots on the
helght of the cultivars growing alone was made so as to permit each
cultivar to reach its "grazing height" at every cut in at least 1 sec-
tion. The results of Heddle et al. (1950) showed that when length of
herbage wag used as the criteria for cutting, the late cultivars gave
a much higher yield than when all culﬁivafs were cut on a fixed time
basis. This was attributed to differences in sward dengity rather than
any undue delay in cutting the semples.

In the present experiment each cultivar, in its own section, was

allowed to reach the predetermined height before cutting and thus should
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not have suffered by being cut either too soon or too late.

The divergence in growth form displayed by the cultivar treatments
in the different cutting sections amply justified the adoption of vary-
ing cutting frequencies. Had the investigation been confined to any
one of the three freguencies used, severai of the conclugions that were
drawn would have been, if not erroneous, of limited application. It
would therefore seem advisable, in cultivar evaluation trials, to cover
a wide range of sampling frequenciles, unless the cultivars are to be
tesgted for thelr utility in a given set of circumstances. Although,
in practice, any given sequence of events seldom occursas envisaged.

The 2" stubble that was left after cutting was in fact a more
severe treatment than would be produced by leaving a 2" gtubble with
an ordinary mower. In this case not only was every plant pulled
upright before cutting thereby including cloge growing leaves as well
as upright ones, but the 2" height (measured from the top of the wire
megh) was a true 2" and did not vary with ground irregularities.

The cutting technique also ensured that a like amount of herbage
was removed from each cultivar thereby avoiding any bias due to cutting
treatment. Kuhn and Kemp (1939) have shown how prostrabe cultivars
of Poa pratensis are favoured by cutting at a fixed height compared to
upright ones as a greater proportion of the leaves of the upright cul-
tivarg is removed.

One of the problems assoclated with cultivar comparisons on small
clipped plots is that the influence of the grazing animal must be
ignored, both from the point of view of manurial return and the tread-
ing and tearing action of the animal. There is the further problem

that unless the level of fertilizer exceeds the requirements of all
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cultivars the higher ylelding ones may not be able to reach their full
potential. By adopting the technique described by McNeur (1953), the |
problems of manurial return were overcome and results obtailned compar-
able to actual retumn of dung and urine.

Dry Matter Yield

Annual and total production of cultivars growing alone

The total amounts of dry herbage produced in the first harvest
jéar were not significantly different for all three cultivars.
Bxamination of the growth curves in figures l.14, 1.15 and 1.16 does,
however, clearly show that Irigh benefited by having a longer uninter-
rupted growing period in sgpring and, conversely, that S.23 was more
productive when defoliations were commenced earlier in the year. The
yield of 85.23 was greatest in section 1 which differed from section 2,
the other early cut section, by having longer intervals between cuts
in the latter part of the season. As these longer growing periods

occurred at a time of decreasing day length there was no differentiation

of flowering heads by any of the cultivars and production was dependent
upon a plant's ability to produce vegetative tillers. Since 8.23 is
noted for itg profuse tillering habit this was, no doubt, the underlying
cause of its superiority in section 1. New Zealand was slightly lower
in yield than Irish or S8.23 in sections 1 and 3 and was noti%ably poorer
in section 2, the cutting times of which were based on New Zealand
growth. As New Zealand wasg particularly poor in early spring, the
reagon for its betber yield in gsection 3 was probably an outcome of

the later spring cub,while in section 1 the longer growing periods in
late summer and autumn permitted it to make up some of the ground that

it had earlier logt. The fact that the management of section 2 did
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not allow any of these compengating influences, offers a possible
explanation for the rather poorer production of New Zealand in that
section.

In 1959 Irish yield diminished in the two sections that were cut
earliest in gpring. VWhere the first cut had been delayed until the
beginning of May, when Irigh was approaching the heading stage, its

yield was similar to New Zealand and 8.23.

The total yields of S.2% and New Zealand were not dissimilar in
any sectblon in thils year and in fact New Zealand behaved more like a
later maturing pasture type ryegrass than an upright growing early cul-
tivar.

In the final year of the trial Irish was the lowest in yield under
all cutting treatments and not even the previousgly favourable manage-
ment of section 3 was sufficilent to offget its lack of vigour. New
Zealand in this third year finally assumed the characteristics normally
agsociated with an esarly ryegrass and, as Lrigh had done in 1958 and
1959, displayed a rather better yield in the later spring cut section 3.
3.23 again showed its preference for resular and falrly frequent cutting
although differences between sections were not so zreat as in previous
yaars.

The total ylelds for the 3 years of the trial showed Irish to be
by far the lowest in -yileld in gections L and 2 but to be as productive
ag New Zealand and 3.23 in gection 3. The New Zealand and S.23 were
not significantly different in any section although in sections 1 and
2 the S.23 yield was 14% and 16% greater than New Zealand respectively.

In section 3 New Zealand had a small, 5%, advantage over S.23.
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The gimilarity in yield of New Zealand and S.23 and the poor

yield of Irish are in direct conflict with yilelds previously obtained
at Auchincruive, Hunt (1956, 1957), in other areas of Scotland,
Copeman et al. (1958) andr&réland, McFetridge et al. (1958), Proudfoot
(1957). The reasons why such anomalous results can arise would seem
to stem from the cutting technique used, the interval between defolia-
tiong and the method of aggsessing the resulbs.

In all of these trials (cited in the preceeding paragraph) a
reciprocating bladed motor scythe was uged to cut the plots and this
method ilnvariebly leaves a considerable amount of herbage of the prog-
trate types, such as S.23, untouched beneath the cutter blade. As a
regult their yileld is underegtimated. Thig fact is acknowledged by
Hunt (1956) in his discussion and amply confirmed in another trial by
the same worker, on the same farm, when under grazing S.23 yielded
slightly more than Irigh, Hunt and Thomson (1955).

In the present experiment the cutting technique removed approxi-
mately equal amounts of top growth of all cultivars and, ag is confir-
med by Davies (1956), S.23 wag shown to yield as well as the early
cultivars even in the first year and to surpass Irish in later years.

In the Scottish trials, Copeman et al. (1958), Hunt (1956) a -
strict monthly cutting schedulevas adhered to and this would tend to
favour the early cultivars as, by running rapidly to head, their dry
matter production would be boosted. Heddle et al. (1950) have shown
how such a technique can militate against the pasture types. This
method is obviously different from the technigue used in this experiment
where time of cubting was decided on the height of herbage, measured by

pulling the plant upright and so including leaf length.
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There is also ample evidence, Charles (1961), Davies (1939),

Jones (1958), Jones (19582), Stepledon (192)) and Stapledon and Jones
(1925) which shows that lenient cutting, which six monthly cuts with
an autoseythe must be considered, favours the early cultivars. The
results from the present trial are in agreement with thisg in that, by
allowing Irigh to produce a bulky crop in spring, its yield was compa~
rable with $.23 ab leagh for the First two years.

Although McFetridge et al. (1958) show S.23 to be inferior to
Irish and New Zealand their regults are for total herbage which includes,
in the cage of Irigh and to a legser extent New Zealand, a high propor-
tion of rough gtalked meadow grass. Had the comparisons been made on
the bagis of the sown cultivar the results might well have been diffe-
rent. A gimilar experience was recorded by Hughes (1956).

When the possible interactions of these factors (cutting technique,
timing of cuts and interpretation) are considered it is not surpriging
that divergent results are reported. It is congldered, however, that
the methodg employed in experiment 1 present an unblased picture of a
strict assessment of the potential yileld of ryegrass cultlvars undesr
cutting conditions.

Seasonal yield of cultivars growing alone

Barly spring production In spring, the complementary growth cycles

of the early and late cultivars were demonstrated to best advantage
as the successive cutting dates of the three main plots sllowed changes
in growth rate to be measured over this important period.

In 1958, a late season, the first cuts were not made until May
5th at which time Irish snd S.23 were not materially different and

New Zealand was rather lower than either, but when the late section
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was cut 18 days later the Irigh yield was considerably in excesg of
New Zealand and S.23.

In the second year, the first cut was made earlier, on April
18th, and no real differences were found between cultivars. At the
next cut, three days-later, there were still no differences although
the yield of New Zealand had significantly increased. But at the
third cut, on May 5th, Irish had shot shead while New Zealand and S.23,
although yielding more than at the previous cuts, had not grown nearly
80 rapidly.

The 1960 season presented yet another situation due to the poor
yield of Irigh, which by this time had lost its initial vigour, and
the improved performance of New Zealand which up $ill then had not
exhibited the characterigtics of an early ryegrass. The firgt cut
was made on May 2nd when New Zealand yielded more than Irish but not
S5.23 and the second cut 8 days later ghowed the same position. At
the third ocut on Méy 19th New Zealand had gone well ahead while Irigh
and S.23 were not significently different. The Irish plants had
spindly shoots with relatively few leaves and consequently did not
show the expected high dry matter yield usually agsociated with head-
ing.

In all three springs, the interegting fact emerged that at the
earlier cuts the yield of the gsupposed late cultivar, S.23, was equal
to that of the earlies. Only in section 3 which was cut 14 - 18 days
after sections 1 and 2, and was based on the height of S.23 growing
alone, did Irish and New Zealand show their capacity for early spring
growth. This growth was, however, mostly in the form of stem and,

in 1958 and 1960, flowering heads. This suggests that only when stem
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elongation and associated flowering head production take place does
the growth rate of the early cultivars incresse relative to the late
types.

A gimilar opinion is also held by Charles (196la) who quoted the
following results obtained at Aberystwyth:-

Yield 1b/acre

Date of cut S5.25 S. 24 Lrish
20/3/52 605 636 607
8/4/52 849 1078 1188
18/1/52 1316 1720 1740

This data confirmg the hypothesis put forward and would indicate that
growth at Auchincruive is 3-4 weeks later than at Aberystwyth.

It is not, however, suggested that, because plants are in ths
stemny stage, their value is reduced. It has been shown, Minson,
Raymond and Morris (1960) that, up to the point of ear energence, nye—‘
grasses are equally digestible; therefore, although the more rapid
growth of New Zealand and Irish is associated with preparation for
flowering, it does not reduce itg usefulness up to this point of deve-
Llopment. |

Following this quesgtion further, it is interesgting to compare
the yields of Irish and S.23 in 1959, when section 3 was cut on May
5th, with the total of the two cuts (April 18th and May 7th) of sec-
tion 2 that covered approximately the same period of time. Also a
comparison of New Zealand and 8.23 in 1960 in the single cut of section
3 (Msy 19th) with the two cuts of section 2 (May 2nd and May 24th) is
revealing. By extracting this information from tebles 1.16 and 1.30

the following picture appears:-
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Yield g/plot

Date of cut Irish 8.23

May 5th 1959 37.8 19.8
April 18th + May 7th 1959 2L.6  27..4.
N.Z, 5.23

May 19th 1960 9.2  24.0
May 2nd + May 24th 1960 37.3  35.2

It would therefore appear that when the growth of Irish and
New Zealand is interrupted, and heading retarded, then S.23 can give
a comparable yield during the spring period. Similar comparisons
were not possible for 1958 as the cutting dates did not fall in the
necegsary pattern.

The relatively poor spring growth of New Zealand in seasons 1958
and 1959 (atypical for an early maturing ryegrass) may have been due
to weather conditions in March and April of those years. Reference
to table Al.2 shows that there were considerably more days of recor-
ded frost in those years then in 1960 when New Zealand displayed its
axpected esarly growth. Observations of New Zealand species at
Auchincruive have indicated that they are susceptible to frost damage
in early spring and Davies (1960) noted a simileaxr effect in autumn.
Conversely, the early spring yield of Irish was greatest in 1958 and
1959 but this can be attributed to a reduction of both stand and
vigour rather than a climatic effect.

Late May and June production During thig periecd 8.23 grew much more

rapidly than the other cultivars especlally where they had headed at
the previous cut. This coincides with the findings of Davies (1956)
and demonstrates how regrowth following the removal of headed tillers
ig slower than from vegetative shoots. This growth peak of 8.23 in
June was also noted by Hunt (1959) and can undoubtedly be associlated

with the later maturing characterigtics of this cultivar.
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Sumner and autunn production Yield differences between the cultivars
in the firgt and second harvest years were very much less during the
latter part of the season but were influenced by the varying cutting
times of the sectionsa.

It was noti%éble that in the longer intervals between defolia-
tions of gection 1 the yield of New Zealand and S.23 was greatly
increased relative to Irigh,indicating the difference in potential
yield of these cultivars.

In the firgt and second harvest years the yield of Irish in the
section cut late in gpring was better or as good as New Zealand and
S5.23 and it would seem that this particular manasgement is more favour-—
able to Irigh, or legs favourable to the others, than the more inten—
glve treatments of sections 2 and 3.

In the final year, when Irish had lost most of its vigour it was
outyielded by New Zealand and 8.23 under all cutting managements while
there was little practical difference between New Zealand and 8.23.

Apart from the fall off in the yield of Irish during the third
year the most important yield differences occurred in the spring and
early summer and these were modified by the cutting sequence; the
largest differences taking place when the first cut was delayed until
8.23 had reached the pre-arranged grazing height by which time both

New Zealand and Irish were about to, or had, headed.
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Tield of cultivar mixtures

Irish + New Zealand

By combining two cultivarsg with approximately the same growth
cycle no benefit from a more level seasonal ppoduotion could be
expected. The mixture did, however, show several advantages over
leither cultivar separately. The poor spring growth of New Zealand
in 1958 and 1959 was compensatbed for by the Irish Ffraction of the mix-
ture and, in 1960, the pogition was reversed when New Zealand wasg the
more productive and the IN mixture again responded to its higher yield-
ing component.

At other times, in the first harvest year, the IN yield was not
materially different from Irish or New Zealand but during the second
year, when the yield of Irish was beginning to fall, the IN mixture
was maintained by New Zealand and outyielded Irish alone. In the
third year IN was distinctly better than Irish and behaved in a simi-
lar menner to New Zealand. There were two occagiong (Brd and 5th
cuts of section 2) when the IN mixture significantly outyielded both
Irish and New Zealand. By reference to figure 1.22 this is seen to
have been due to the New Zealand component of the mixture glving a
sreater yleld than New Zealand alone. This indicates that, as the
Irigh plants weakened, New Zealand was able to exploit the space vaca-
ted, both above and below ground, and produce more herbage from a gmal-
ler number of plants than were present in the pure New Zealand plots.
There were 1048 tillers per sq. £t. in the New Zealand treatment in
section 2 at November 1960 (table 1.41) and 1138 tillers in the IN
mixture of which New Zesland produced 86% or 979 tillers (table 1.&2).

Thus the higher yield of New Zealand in association with Irigh must
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" have come from a higher yield per tiller from the fewer, and more
widely spaced New Zealand plants. In an experiment comparing broad-
cast and widely spaced gragses, Gardner (1958) described how cocks-
foot in 21" rows gave a higher yield than when broadcast. This
suggests that there may be a spacing, varying with species, at which
a higher yield will be obtained.

Holliday (1961)‘ in his exesmination of plant population/yield
relationghips found, in the second year of a trial comparing New
Zealand ryegrass sown at rates of from 5-160 1b. per acre, that the
5 1b. seed rate gave a sglightly higher yield than all others. He
suggests, however, that a parabolic relationship between population
and yield is only obtained when growth is associated with reproduction.
It was further contended that, where production ig coanfined to vegeta-
tive growth, a meximum is reached beyond which increases in population
will neither increase or decrease yield.

Although statistically significant increases over Irish and
New Zealand were only obtained at 2 cuts in section 2 during 1960,
there were small, but consigtent, increases at every cut of that year
in section 2, and, on the total for the year, a 46% increase over the
meann yield of Irish and New Zealand was recorded. The New Zealand
share of this total was 88% and in actual weight of herbage the New
Zealand in the IN mixture again gave slightly more than the New
4ealand growing alone. As will be seen when the pogitive interac-
tion between New Zealand and $.23 is discussed neither of the yields
vcf these cultivars in mixture exceeded that produced in pure culture.
It would therefore appear that these positive interactions exhibited

by the IN and NS mixtures resulted from different causes. The advan-

tage of the IN combination was derived, as indicated, from the greater



...198_.

productivity of more widely spaced plants of New Zealand while,
ag digcussed later, the N8 amdvantage appeared to come from a better
utilization of avallable growth space.

Prendergast (1959) referred to a trial in which a posgitive
interaction was obtained from Irigh and New Zealand, and the present
results do tend to confirm thisg finding.

Irigh + 8.23

If there is to be any advantage in conbining eafly and late
cultivarg then it must come in spring and early summer when the
growth rates are different. In the present experiment this situa-
tion did not arise until stem elongation of Ixish had commenced. Up
to that point, as can be seen from the results of sections 1 and 2,
8.23 was equally productive and the yield of the combination was little
different to either component alone. In 1958 and 1959, the first cut
of section 3 was taken at a time when Irigh was markedly more produc-
tive than S.23. In 1958, the IS mixture 4id not reflect this higher
Irigh yield being 65.9 g., 45.6 g. and 4.5 g. Tor Irish, S.23 and IS
regpectively. In 1959 the result was slightly better and the yields
were, again respectively, 37.8 g., 19.8 g. and 23.2 g, This very
slight upward movement of IS compared to S.23 can hardly be described
as levelling the flow of herbage as it came so far below the high
yield of Irish. Obviously S.23% was exerting the major influence in
the mixture and suppressing the free expresgion of the more rapid
spring growth of Irish. This is all the more interesting when it
ig congidered that the 1958 effect occurred at the first cut of the

first haxrvesgt year.
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By 1960, the productivity of Irish had so diminished that
its late spring yield was little (and that not significantly) better
than S.23. Thig position was similar to that in sections 1 and 2
and the IS yleld, as in those sections, was not significantly diffe-
rent from elther component. The yields were respectively for Irigh,
8.23 and IS8 29.9 g., 24.0 g. and 28.9 g.

These results are contrary to the theoretical benefits of com-
bining early and late maturing ryegrasses with complementary growth
cycles, and the fallure of the mixture to display any benefit can be
traced to two main causes. The firgt was the relatively high yield
of S.23 in early gpring, prior to Irish gtem elongation, and the
second was the rapid suppression of Irish by S.23.

When S.23 entered its rapid growth phase in late May and June
the IS yield did show a small upward movement compared to Irish which
wag now the lowest yielder. From a practical viewpolnt there is no
advaentage in providing a more level production of herbage from a mix-
ture of cultivars if an overall higher production, which may fluctuate
more, can be achleved from one cultivar by itself. This, in general
termg, describes the IS production except in 1960 (Section 3, Cut 2)
when the IS yield was significantly greater than either Irish or S.23.
From fipure L.23 it can be geen that this was due to the S.23 compo-
nent of the mixture producing more than 8.23 growing by itself. This
wag gimilar to the situation which existed when the IN mixture exceeded
New Zealand alone and has already been discussed. This gain of I8
over its components continued throughout the season and, in total,

amounted to & 26% increase over S.23 and 38% over Irish.
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There would therefore appear to be little advantage in tLerms
of yield of combining Irish and S5.23 over 8.23 alone unless the
firgt cut is delayed until Irish has reached the ear emergence stage,
when a slightly more level spring yield can be obtained, and possibly,
as in 1960, a higher total yield. The advantages over Irish alone
were obvious, but, since Lrish was congiderably lower yielding than
S.23 this was to be expected.

New Zealand + 5.23

The combination of New Zealand with $.23 was similar to the IS
mixture in that an early and late maturing cultivar were placed
together but, in the case of the NS mixture, the New Zealand (apart
from the early part of the first harvest year) by itself was as pro-
ductive ag S.23, whereas Irish declined in productivity over the
three years of the trial.

In sections 1 and 2 which were first to be cut each year, the
S.23 yields were, ag has been shown when the cultbtivars growing alone
were congidered, equally as good as New Zealand and therefore any
smoothing of the growth curve, by the mixture, could not be expected.
Such was the case in 1958 and 1959 but in 1960, in section 2, the
NS yield was slightly greater than New Zealand and significantly
greater than 5.23. This, aas will be seen, was the beginning of a
growth pattern which was to carry the NS yield well above those of
its components.

In section 3 (first-cut each spring at a time when New Zealand
had a higher rate of growth than 5.23) the NS yield did improve rela-
tive to S.23, except in 1958 when New Zealand growth was slow. Thus
at the cut taken on May 5th 1959, the NS yield rose above both of its

components, the increase over 5.23 being significant, and on May 19th
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1960 the NS again outyielded S.23 but was less than New Zealand.
Thege results are what would be hoped for from such a mixture and agree
with the work of Charles (1961) already quoted.

When 8.23 passed into its rapid growth phase in late May and June
the NS yield did not notiti%bly reflect this change in 1958 and the aver-—
age yield of NS was significantly less than S.23. This was due to the
New Zealand exerting a suppressive influence on S.23. In 1959 and 1960
when 8.2% had become dominant no such suppression occurred and NS yields
rogse with the increagsed growth rate of S5.23.

In the first harvest year, after the spring period was passed, the
NS yield was similar to 8.23 but, in the second year, the mixture produ-
ced gignificantly more than its components in the fourth cut of section
3. This trend had been obviocus from the first cut of 1959 and was seen
at all succeeding cuts and, although gtabistical significance was not
reached at every cut, the accumulated benefit regsulted in a gignificant
positive interaction on the year's total. The actual increase was 20%
on the mean yield of New Zealand and 8.23, an smount which was not with-
out practical importance.

The final year produced more e@idehce of the superiority of NS over
New Zealand or S.23 and this was not confined to section 3. Although
this advantage was not present at each cut of every section and the trend
was for larger increases in sections 2 and 3 the increase on the mean
total yield of New Zealand and S.23, averaged over all sections, was 16%.
In sectiong 1, 2 and 3 it was respectively 5%, 30% and 1i%.

The reagon for thisg interaction was probably a better utilization
of available growth space, and sunlight, by the mixture of upright eand

prostrate plants than by either one singly. At the earlier cuts in
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spring it was noticed that the cultivars tended to occupy two distinet
layers with New Zealand above and S.23 below. It is unlikely that the
taller New Zealand,with its smaller number of relatively heavy tillers,
.would ghade the high tillering S.23 sufficilently to inhibit its growth,
and in this manner the higher yield recorded could have been obtained.
Since the inberaction was only apparent in certain years and sections
itg success may depend on a certain balance between New Zealand and 8.23
which was not achieved until $5.23 assumed dominance. A discussion on
the rglative contribution and developmenﬁ of these cultivars will be
included in a later section (page208).

Similar advantages have been found by several workers, Gregor (1940),
Manson et al. (1952), Prendergast (1959) when cultivars of a species were
combined, although Charles (1961) found no such benefits.

In general terms it can be said that the mixture of New Zealand and
S5.23 was better able to exploit the available growth space, and sunlight,
than either cultivar separately and a higher yield ensued. Also, at
the times in spring when New Zealand was outyielding S.23, and when sub-~
sequently S.23 outyielded New Zealand, the mixture reduced these fluctua-
tions and provided a more even yield.

Irigh + New Zealand + S.23

In the firgt harvest year the combinafion of all three cultivars
in section 3 led to a more even distribution of yield, as the early ILrish
growth raised the yield of the mixture to a point between that of Irish
and the lower yielding New Zealand and S.23. This did not happen when
Irish and 8.23 were combined and may be explained by the fact that there
were fewer S.23 plants present in the INS mixture and these were unable

to retard the Irish growth. This result was repeated in 1959 and 1960
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due respectively to the production from Irish and New Zealand. As
with the I8 and NS mixtures the similarity in yield of all cultivars
in gections 1 and 2 precluded any marked levelling of seasonal growth.

In all years the second cuts of section 3 were influenced by the
85.23 component and the yield was, in most cases, raised above those of
Irish and New Zealand. This levelling of the supply of herbage in the
first and second cuts, like the NS mixture, was a near perfect example
in practice of cultivars with complementary growth cycles dovetailing
together. In tems of available herbage such dovetailing does of course
mean that, in most cases, there will be a smaller amount of herbage on
offer at any one period than would have been posgible from the highest
yielding component of a mixture. If, however, the difference between
the best cultivar and the mixture ig not too great and final yield does
not suffer (as in the mixtures under discussion) there would seem to be
a good case for the use of mixtures of cultivars. A high percentage
of the flush growth in spring is often wasted under farming conditions
and a slightly smaller but more even production of herbage would help
to overcome this difficulty.‘

During the remainder of each season there were small, and usually
non-gignificant, differences between the yields of INS and its components;
on no occasion was the yield of the highest-yielding cultivar, growing
alone, significantly exceeded by that of INS. Although Irish, in the
final year, produced very little in the mixture, no pogitive interaction
was recorded as book place in the NS mixture; this may have been due to
an incorrect balance between the cultivarg. This point is taken up

later (page 210).
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While there were benefits in gpring from the INS combination,
when a relatively late cut was taken (i.e. compared to the cultivars
grown alone), there was no advantage in terms of total yield over the
seagon but the evidence does add to that already obtailned in favour of
combining cultivars.

Effect of cultivar combination on percentage distribution of yield

In the discussion on yields, references were made to seasonal dig=-
tribution; +this will nOW'bé qonsidereé in more detail.

The most outstanding feature revealed by the conversion of the yield
data into percentage distribution was the tremendous sffect of the date
of the first cut. The changes in distribution that resulted from modi-
fying the date of cutting far outwelghed any differences due to cultivar
mixtures. From the practical viewpoint, this is the critical factor
determining the pattern of yield; +the longer the first cubt is delayed,
the greater will be the percentage of total yield in that cut. The dis-
tribution of yield after a large spring crop was more even and a subse-
quent autumn flush, which tended to develop gnder the earlier spring
cutting menagements, was avoided. The frequency of cutting also had
an effect on the second flush since section 2, which was cut at fairly
regular intervalsg of 2«3 weeks, displayed rather less of an increase in
the August period than section 1 in which the intervals between cuts were
longer.

Within each cutting section, there were glight differences due to
the mixing of cultivars of different growth cycles but these were seen
to occur consistently only in the early part of the season.

The combination of Irigh with 8.23 did give a more level production
in the first year before 5.23 became dominant but thereafter the distri-

bution was similar to that of S.23.
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Ag the growth patterns of New Zesaland and S.23 were similar in

1958 the yield of the mixture of these cultivars was little different
from either alone. In the following year there was a slight levelling
of growth where a late spring cut had been taken and in the finsl year
this wasgpparent under all cubting managements. Taken overall therefore
the INS mixture had the most level production of the cultivar mixtures
but, as hag been already stated, a slight change in management would have
caused a much greater shift in geasonal ylield than any permutation of

cultivars.

Contribution to yield by components of mixburesg

Inter—cuitivar competition was strongly reflected in the contribu-
tion to the total yield of the mixtures by the associated culbivars.
The percentage contributed by each cultivar is an absolute measure of
its ability to compete with its nelghbours in a sward. Plant survival
and development were algo recorded and obviously bear a relationship to
production but the true assessment of a plant's worth is most easily mea-
sured by its yield. As there?gglao publighed date on this aspect of the
subject no comparisong of results were posgsible. The work of Charles
(1961) whereby semples of tillers were removed from a sward, grown as
spaced plants and clasgified, givés a measure of the relative proportion
of tillers of each cultivar present but gives no information on their
contribution to seasonal yield as no measure of the varying productivity
of the tillers over the year ils possible. Algo, ag has already been
pointed out, cultivars of similar growth hebits could not be differen-
tiated by this method. Charles' work, so far as it goes, is in accord-

ance with the findings of the present investigation.
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Irigh 4+ New Zealand

New Zealand became the dominant partner of the mixture in the
first harvegt year as, apart from one occasion, it contributed over
50% of the yield. Despite the fact that New Zealand did not neces-
sarily contribute the major portion of the yield at svery cut it did
suppress assoclated Irish plants so that they contributed less than
they would have done if both cultiyars had been of equal vigour. There
were two occasgions in 1958 (3rd & 5th cuts in section 3) when Irish was
not suppressed but on neither of these did Irish give over 50% of the
yield.

The contribution of Irish became progressively smaller during the
gsecond and third years and its average contribution fell from 42% to
18% at the end of 1959 and 1960 respectively. This wag modified to a
degree by management, asg, where Irish had been allowed t0 mature before
taking the first spring cut (section 3) its contribution was always
higher. The interesting point was that thié higher contribution was
not confined to the first cubt but continued during the rest of the sea-
son. This was particularly rioticable in the final year when the diffe-
rence was confirmed statistically.

These results suggest that, in spring, by allowing Irish to reach
the heading stage before cutting it was better able to compete with New
Zealand, not only at the first cut but also subsequently. I'his hypo-
thesis is horne out by the results given in table 1l.35 which showed that
in section 3 the depressibn of Irigh when in company with New Zealand
was 28% on the annual total while in the sections 1 and 2 it was 65%
and 71% respectively. A similar effect was seen on the total for the

3 years where Irigh was suppressed by 22%, 35% and 49% in the sections
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3, 1 and 2 respectively. As the main difference between the cutting
sections was in the timing of the first cut the degree to which Irish
is suppressed must hinge, to a large extent, on this one point.

The downward trend of Irigh contribution suggests that, had the
experiment been continued, the yield from Irish would have become even
less, until a point was reached when the IN mixture would have become
virtually a pure New Zealand sward.

Irish + S 23

The more aggregsive nature of 8.23 compared to New Zealand was
confirmed by the severity with which Irish was suppressed in the IS
mixture. Only in the first cut of the experiment was the Lrish con-
tribution 50% of the total yield. In the second cut it fell to 32% and
gradually tailed off to 27% at the end of the first year. There was a
slight resurgence at the beginning of 1959 but by the end of that year
the average contribution was down to 14%. Irish never recovered from
this position and the fall continued during 1960 to the final average
figure of 8%. This almost complete domination of Irish by S.23 had
been reached gradually over the three years rather than by any sudden
upswing of S5.23 in any one year.

The competitive ability of S.2% was so great that even the more
mature1Irish growth produced in the firgt cut of section 3 which, as
has been discussed, allowed Irish to better compete with New Zealand,
did not prevent S.2% from becoming dominant. As was seen in table 1.6
Irish was actually being suppressed by S.23 at this period to 22% less
than its potential.

In contrast to the IN mixture, the Irish contribution to yield and

its percentage suppression were never very different in section 3 from
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section 2 which had a completely different cutting cycle. EBvidently
‘the aggresgive nature of 85.23 was so much greater than that of New
Zealand that Irish was unable to benefit from the longer growth period,
afforded in spring, to section 3. Another point of interest, which
sriges from the seme cause, was the greater suppression of Irigh by
8.23 in section 1. Thig effect was more apparent in the last year of
the trial, when there were longer intervals between the cuts of section
L than the other sections. During thesge longer intervals the suppres-—
sive influence of S.23 developed with the regult that Irish was suppres-—
sed by 89% in section 1 compared to 663 and 76% in sections 2 and 3,
respectively. This result supports the conclusion drawn by Norman
(1960) who said "=~ the maximum competitive effect would be exerted by
a vigorously growing swerd cut or grazed moderately at intervals long
enough to allow the effects of competition upon top/root rafios and
specieg habit to reassert themselves during the period of recovery.*
Thus, it is quite clear from this data why the yield of the IS
mixture soon took on the pattern of the pure 5.23 sward and why no
advantage was derived from the more rapid spring growth of Irigh.

New Zealand + 5.23

Ag in the IS mixture S.23 soon agsumed the dominant role when in
combination with New Zealand. There were, however, several important
differences in the behaviour of 8.23 in association with New Zealand
compared to its behaviour in agsociation with Irigh.

Mirgt, New Zealand was not suppressed to the same extent as was
Irigh and was able to make a significant contribution to the combined
yield throughout the whole trial period. At the last cut of the final
vear, New Zealand was still contributing 28% of the yield and for the

total yield of the three years the proportion averaged 39%.
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Secondly, New Zealand exhibited a remarkable elagticity in that,
except for the firgt threé cuts of 1958 when S.23 was suppressed, it
was suppressed by 5.23 at all periods but was able to revive each
spring and contribute more, or not far short of, that given by S.23.
Despite this thewe was a graduval fall in the average contribution of
New Zealand over the years. The average figures at the last cut of
each year were 42%; 35% and 28% for 1958, 1959 and 1960 respectively.
Had thig continued at the same rate, the sward would have become com-
pletely 5.23% dominant in its seventh harvest year. Charles (1961?,wh0
investigated the competbition between 8.2 (a similax type to New Zealand)
and S.23 found that the benefit in spring, relative to 5.23, of combining
8.2l and 8.23 had disappeared by the £ifth harvest year. In another
trial he found that the surviving S.2k4 tillers in an 5.24/8.23 sward
had fallen %o 3% by the sixth harvest year. These results strongly
support the findings of the pregent experiment.

There was a tendency for the contribution of New Zealand Lo he
higher in section 2 and this was specially notié%ble during the second
harvest year. In this year section 2 had been cubt first and was cut
once oftener than the others. This would suggest that the more inten-
sive utilization prevented the 5.23 from becoming ag dominant as it
did in the other sections.

The yield data showed that a pogitive interaction took place bet-
ween New Zealand and S.23 in section 3 during 1959 and to some exbent
in all sections during 1960 although it was chiefly confined to sections
2 and 3. It was suggested that this may have been due to an optimum
balance having been reached between the cultivars. In 1958 when no

advantage was recorded for the NS mixture the yield (after the first
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cut) was divided approximately L0/60 from New Zealand/S.23. In 1959
section 3, where the interaction showed up, had a divigion of yield
30/70 while the proportions were 48/52 and 30/70 for sections 2 and 1
regpectively. In 1960 the proportions in sections 1, 2 and 3 were
respectively, 23/77, 35/65 end 28/72. Apart from gection 1 in 1959,
the division of yleld when a positive interaction took place was around
the 30/70 mark. If this is indeed the optimum proportiong, it is not
apparent from the data why there was no interaction in the 1959 section
1 yvields.

Irigh + New Zealand + S.23

As would be expected, S.23 was the dominant cultivar in this mix-
ture contributing epproximately as much as the other two together. Its
average contribution rose from 48% in 1958 to 61% in 1960. The divi-
sion of yield therefore did not reach the 30/70 proportion suggested
ag being necessary before a positive yleld interaction takes plaée.

Ag the dominsnce of S.23 wag increasing this proportion may have been
achieved in the following year. But, as in all mixtures, this division
of yield would only be a trangitory phage unless, by careful management,
along the lines indicated by the results of thig experiment, the New
Zesland contribution can be maintained. This would involve the taking
of a gilage cut in spring when, ag has been shown, the aggressiveness
of S5.2% can be curtailed.

There was never any significant difference between the contribu-
tions in the different sections, but the trend was for a slightly lowex
percentage in, the late spring cut, section 3, IBvidently this parti-

cular management somewhat reduced the competitive effect of S.23.
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In the first harvest year, New Zealand and Irish shared equally
the balance of the yield but in the second year the contribution from
Irigh fell while that of New Zealand increased. This was repeated
in the third year when thé average Irish contribution was only 8%.

It can therefore be seen that the S.23 dominance was gained more
at the expense of Irigh than New Zealand. This statement is suppor-
ted by the data in tables 1.35, 1.36 and 1.37 which showed that on the
total for the 3 years of the experiment the suppression of Irish and
New Zealand in the INS mixture was 41% and 15% of their potential res-
pectively, while 8.23 showed a gain of 43%.

It is probable that in the fourth and subsequent years of such a
gward, when Irish had been virtually eliminated, S.23 would compete
more gtrongly with New Zealand and eventually dominate it.

Plant Survival and Development

Cultivars growing alone

Free from the effects of inter-cultivar competition, the cultivars
exhibited differences in their ability to survive and tiller under the
menagements imposed.

The survival and tiller production of Irigh and New Zealand were
similar and both reached the final stage of the trial with 53% and
56% respectively of their plants surviving. As their tiller produc-
tion per plant had also been the same so was their tiller production
per unlt area.

8.23 digplayed a higher survival and tillering rate and in November
1960 64% were still surviving with nearly 10 more tillers per plant then

Irish or New Zealand.
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All three cultivars showed a levelling off of the downwafd survi-
val curve in the last year which suggests that the less persistent
types had already died, and the remainder were of a more permanent
nature and may have gurvived for geveral years. Or it may be that
the less frequent defoliations of 1960 permitted the survival of plants
that would otherwise have died.

The difference in Survival and development bebtween the early and
late types is in accordance with the findings of Cooper and Saeed
(1949) who explored the underlying causes.

Cultivars in competition

Irish ryegrags The survival and tillering of Irigh were markedly
reduced when growing in the presence of New Zealand and/or S.23. As
would be expected the effect was noticable firgt on tillers per plant
and then plant survival. Ag 8.23 by itself has been shown to be more
persistent and of higher tillering potential than Irish or New Zealand,
it is not surprising that Irish was suppressed or that the effect of
5.23 was greater than that of New Zealand. In the final year the Irigh
tillering capacity was reduced by 76% and 549 in company with S.23 and
New Zealand respectively.

Since the tiller and plant numbers of Irigh and New Zealand grow-
ing alone were gimilar the fact that New Zealand was able to dominate
Irish when in association indicates the more vigorous and productive
nature of New Zealand tillers. This is borxne out by the relative
yields of Irish and New Zealand in 1960 when Irigh yielded considerably
less although it had a similar tiller number per sqe £t. This point

will be enlarged in a later section.(page 211).
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Menagement too had an influence on the development of Irish, as,
in mixture with New Zealand, the suppression of its tillering capacity
was lesg when a late spring cut was taken than when the herbage was
removed at an optimum grazing stage. This effect was less noticable
when 8.23 was present; the more aggressive nature of this cultivar
suppressing Irigh under all managements sspecially, as with dry matter
yield, in the less intensively menaged section 1.

New Zealand ryegrass More New Zealand plants survived and produced
more tillers per plant when partnered by Irisgh than when growing alone.
This was undoubtedly due to the inherent ability of New Zealand to
recover more rapidly after defoliation and to the difference in the
productivity of each tiller of New Zealand and Irigh (Table l.42.).

The influence of 8.23 on New Zealand was not nearly so great as
it had been on Irigh and at no time was the survival of New Zealand
growing with 8.23 significently below that of New Zesland alone. Simi-
larly with Irish + S.23 present the New Zealand survival was not
depressed. Not until the third harvegt year did S.23 cause a gigni-
ficant reduction in tillers per plant of New Zealand while with Irigh
also present there was a compensating effect and New Zealand tillers
per plant were similar to New Zealand alone.

It was, however, obvious from the results of the contributions
to yield that New Zealand was being glightly suppressed by 8.23 right
from the first year and this fact was reflected in the contribution
made by New Zealand to total tillers per sge ft., a more sensitive
meagurement embracing both plant numbers and tillers per plant.

At the end of the first harvest year, New Zealand contribution to

the joint total tiller numbers was reduced by only 7% in the presence
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of 8.23 but, by the final year, the aggressiveness of 8.23% was
depressing the New Zealand contribution to 45% below its potential.
This means that although neither gurvival or tillers per plant were
reduced gufficiently to be recorded ag significantly depressed, their
Jjoint expression was.

5.23 ryegrass It has already been shown how tiller production per
sge £te of Irish and New Zealand isg reduced in the presence of S.23%
and it is therefore not unexpected that S.23 plants tillered more
freely when in aggociation with these two cultivars.

In terms of increase over potential tillering capacity, S.23
increased finally by 52% and 36% in association with Irish and New
Zealend respectively. With both together the increase was slightly
higher at 54%. In section 3 the taking of a later spring cut reduced
the advantage of 8.23 quite noticably especially when it was growing
with New Zealand, which again shows how this management is more favour-
able to early maturing cultivars.

Tiller weight and yield relationsghip

Although plant numbers per plot fell steadily over the three
vears of the trial, the total number of ftillers produced in the cul-
tivar treatments remsined very congtant. The average numbers of
tillers over all treatments were 1097, 930 and 1171 for 1958—59—50
respectively. Obviously as plants died, or were suppressed, the more
aggressive ones tillered more freely so taking up the available space.
The only significant difference that occurred between the total numbers
of tillers per sg. ft. of the various treatments was in autwmn 1958
when Irish and 8.23 alone had more than any other mixture. This did

not, however, result in a significantly higher yield for these two

l
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cultivars which indicated that a higher tiller number was balanced
by a corresponding lower weight per tillexr.

Thig point can be illusgtrated by dividing the total yield fox
the year by the nwmber of tillers produced. The following summary
in table L.l shows the results of this calculation.

Table L.kl Weight per tiller (in grams) of Irish, New Zealand and
8.23 and relative weight where Irigh = 100.

Actual Relative
Irigh N.Z. S¢23 Irigh N.Z. S.23%
1958 0.1016 0.1295 0.1178 100 127 116
1959 0.1349 0.1559 0.1391 100 116 103
1960 0.0679 0.0976 0.0740 100 1, 109

From these resultsg it can be seen that tiller foxr tiller Irish
was inferior to New Zealand but only slightly less productive than
S5.23. This meang that tiller number alone will not bear an exact
relationship to yleld although comparison of the percentage contribu-
tion to ennual yield shown in figures 1l.11, 12, 13, 19, 20, 21, 27, 28
and 29 with the corresponding percentage contribution to tiller produc-
tion in figures 1.18, 26 and 3L show how near they come. The complex
interactions of inter-cultiver competition upon tiller number, weight
per tiller and actual yield make it difficult to exactly relate these
variables when the cultivars are growing together in a sward. How-
ever, the results of this experiment do show that a fairly accurate
determination of a cultivar's contribution to yield in a mixture can

be obtained from its tiller productione.
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Rel.ative Competitive Ability

When tiller weight is congidered in conjunction with the poor
survival and tillering ability of Irish compared to S.23 the reasons
for Irigh suppression and the general failure of its mixtures to
reflect its early growth are obvious.

The more balanced nature of the mixture of New Zealand and S5.23
derives from the fact that the higher weight of New Zealand tillers
is outwelghed by the better survival and more numerous tillerg of
S5.23,

New Zealand dominated the associated Irish plants becauge of
its higher weight per tiller (end the consequent implications on
growth rate end mutual shading effect).

Under the conditiong of this experiment, the general expregsion
8.23 > NoZ. > Irish swmmarises the relative aggressiveness of these

cultivars.
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SUMMARY OF EXPERIMENT 1

The technique devised (and described herein) to meagure the yield
and development of three cultivars of perennial ryegrass (when
growing under sward conditions) was successful. Cultivars planted
at 2" centres were readily identified and sampled over the 3 year
period of the experiment.

The advantages claimed for the method are (a) the small area
required; () positive and immediate identification of plants in
spite of their very similar vegetative characteristics; and (c)
inter~-plot variation which is no greater than that normally associ-
ated with agronomic experiments. The gampling technique is simple
and can be learned very gquickly.

The invegtigation showed that very intense competition existed
between Lthe selected cultivars.of perennial ryegrass which affec-
ted their ability to tiller and survive. The main facets of this
competition were as follows:-

Irigh ryeprass

Irish was suppressed by both New Zealand and, to a much

greater extent, 8.23. Both plant survival and tiller production
per plant were reduced. The effect on tiller numbers was appa~
rent before plant numbers were affected. In the final analyses,
8.2% reduced Irish plant and tiller numbers to approximately the
same degree while New Zealand and New Zealand in agsociation with
S5.23 had their greater effect on tiller numbers. By allowing Irish
to reach the heading stage before cutting each spring, the above

effects were somewhat mitigated (especially those of New Zealand) .
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New Zealand ryegrass

New Zealand ryegrass was suppregsed by S.23 but to a much
lesser extent than was LIrigh. The presence of S.23 did not sig-
nificantly reduce the survival of New Zealand but did reduce the
tillers per plant. When New Zealand was in combination with Irigh
and S.2%, there was a compensating effect, the aggressivenegs of
S.23 being balanced by the weakness of Irish. The New Zealand
plants were then similar, in number and tiller production, to New
Zealand growing alone. In competition with Ixrish, the survival
and tillexr production of New Zealand was greater than when New
Zealand plants were competing with each other. In all combinations,
the increase or decrease of New Zealand contribution to the total
tillers produced was least where a late spring cut had been taken.

$.23% ryegrass

8.23 dominated associated Irigh plants so that a great number
of plants, wiﬁh more tillers per plant, survived than when S.23 was
growing alone. With New Zealand the surxvival of S.23 was not sig-
nificantly affected but tillers per plant were increased. This was
also the cage with Irish and New Zealand present. By delaying the
firgt cut in spring‘until Irigh and New Zealand had reached the ear
emergence ghtage the aggressivenesgs of 8.23 was gomewhat reduced.

In all treatments tillering increased as plant numbers fell so that
tiller numbers per unil area remained fairly constant. Apart from
Irish and 8.23, which had rather more tillers in the firgt harvest
year, there were no significant differences between the tiller num-—
bers per unit area of the various culbtivar treatments. In the final
year the cutting sequence which allowed the longest uninterrupted

growth in spring produced ‘the greatest number of tillers.
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In the firgt year, total yields of cultivars growing alone were

not gignificantly different but thereafter the yield of Irish
diminished so that it was very much less than New Zealand and S.23,
with the exception of its 1959 yield in section 3. Section 3,

with its later spring cutting, favoured Irish so that in the 3 years
total it was not significently different from the others, but in both
gectiong 1 and 2 it was conslderably less productiwe. Seasonal
production of the contragbting cultivars did vary, but only notiézgiy
in the spring, and this variablon was relatively small compared%wi%h
that resulting from chenges in the time of the first cut. Outs
taken in spring before Irish and New Zealand had entered the very
rapld growth stage agsocieted with heading showed no significant
differences between the yield of the late maturing 8.23 and the sarly
Iyish and New Zealand.

(a) The Irish plus New Zealand mixture did, on geveral occaglons,
iuprove the yield compared to New Zealand alone and wasg never signi-
ficently below it. Where a positive interaction aid occur, the New
Zealand plantg in the mixbture produced a greater amount of hexrbage
than New Zealand growing alone by virbtue of a higher weight per
tillex. New Zealand was always the dominant partner of the mixture
and, by the end of the second year, Irish was making little contribu-~
tion to the yield except in section 3 where it continued to give
approximately 25%. On the total production for the 3 years of the
experiment the average contribution ﬁéde by Irish, when in associa-
tion with New Zealand, was suppressed to 35% below its pobential.

(b) The coubination of Irigh and 8.23% did not show the expected

advantages of a mixture of an early and late maturing ryegrass.




In early spring S.23% produced a comparable yileld to Irish and thus
their mixture was no different to either alone. By allowing the
Irish to shoot before talkking the first cut in spring, the benefit
of its higher growth rate was seen in the mixture and a slightly
more even flow of herbage was obtained, compared to Irish or S.23
growing alone. By the third year S.23 was contributing an average
of 90% of the yield and the growth cycle of the mixture followed
the S8.23 pattern. There were occasions in the final year when the
IS5 yield exceeded both Irish and 8.23 and this was due to a higher
yield from the 5.23 component of the mixture which produced more
than 8.23 growing alone. The average suppression of Irish by S.23
on the 3 year's total was 52% of the potential Irigh yield.
(c) The New Zealand plus S.23 mixture was the mosgt interesting
one and in the second and third years showed in practice the theore-
tical advantages of combining early and late culbtivars in levelling
out the growth curve. In addition there was a pogitive interaction
between the cultivars in section.E in 1959 and, to a degree, in all
sections in 1960. The increases over New Zealand or S.23 growing
slone were of practical as well as statistical significance.

From observation of New Zealand and S.23 in combination it
was suggested that part of the increased yield from the mixture
may be attributed to the fact that the upright and prostrate growth
habits make maximum use of the available space. A possible hypo-
thesig is that the optimum ratio of New Zealand to S.23 is 30/70;
but the reasons why no gain from this mixture was found, under cer-
tain managements, were not apparent. This aspect therefore merits

further invegtigation. Although S.23 contributed the major portion
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of the yleld every year, from the second cut onwards, New Zealand
was always able to recover and produce approximately 50% of the
yield each gpring. There wﬁs however an indication that, had the
experiment been continued for s further 3-4 years, the contribution
of New Zealand would have fallen to an ingignificant level.

(a) Combining all three cultivars was, on the whole, beﬁeficial

as a more even flow of herbage resulbted without any reduction in

total yield compaxed to the best of the components. As in the
other mixtures, S.23 became the dominant cultivar due mainly to the !
death and suppression of Irigh plants. The New Zealand component

on the other hand wag able to maintain its position due to the com-

pensating effects of Irish submisgion and 8.23 aggression.

The general conclusiong can be drawn that, in a mixture of early

and late maturing ryegrasses, cut at approximately grazing height,

the late type will become dominant and provide the bulk of the her-

bage. Thig effect will be modified, to a degree, by time of cut-~

ting and by the persistence and productivity of the early cultivar

used; but, eventually, the late progtrate cultivar will completely

dominate the sward.




Experiment 2.

Persistency and Development of Perennial Ryegrass

Cultivars when in Competition Under Varying

Systema of Defollation.
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INTRODUCTION

In experiment 1 the yield, persistency and development of
competing ryegrass culbtivars were measured under a strictly control-
led cutting regime. Lxperiment 2 was designed to allow an assessment
of competition between the same cultivars (Irish, New Zealand & S.23)
under varying intensities of sheep grazing and hay and aftermath
management.

Agsessment under these managements, which approach more closely
to actual farm practice, was felt to be necessary since selective
grazing and differences in palatability and growth habit of ryegrass
cultivars could interact to alter the competitive pattern as compared
with a cutting technigue which removed almost identical portions of
top growth from each cultivar. A hay and aftermath treatment was
included so as to provide a contrast to very intensive grazing and

thus to cover the widest range of conventional management technigues.
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EXPERTMENTAL  METHOD

Preparation and Desipgn

In order to allow rapid identification of the cultivars when grow-
ing together, the wire mesh technique developed for experiment 1 was
employed. Before thg wire meshes were lald in position the existing
turf was skimmed of'f the site and each area levelled. To reduce
interference from weed and extraneous grass seeds all areas were
thoroughly scorched with a flame gun prior to sowing.

The statisticel design was a split plot randomised block with 3
management sysbems as the main plots and the 7 possible combinations
of equal parts of the 3 cultivars as the sub plots. With L replicates
this gave a total of 84 plots.

The main plots were placed 1 yard apart with the undisturbed sward
between them. The shape of each main plot was governed by the size
(9 x L') of the cages which were to be placed over them as protection
from the grazing sheep. This necesgitated a change in shape from the
plots used in experiment 1 and the arrangement of 1 replicate and the
detail of 2 sub plots are shown in figure 2.1. The whole experiment
was encloged in a paddock 90' x 16' in size.

Main Plot Treatments

The management systems making up the 3 main plots were designed

to cover a wide variation in defoliation practices and comprised:-

(1) grazing whenever the average height of thé plants was 3",
(2) grazing whenever the average height of the plants was 6" and
(3) cutting at the hay stage followed by two aftermaths.

Height was measured by pulling a plant upright and judging the

modal height of both leaf and flowering stem against a ruler held at
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ground level. Since all cultivars did not reach thig height simul-
tansously, especially in the second year of the trial, a compromise
had to be made so that the fagter growing cultivars did not greatly
exceed the gelected limits.

Sub Plot Treatments

The cultivar treatments which made up the sub plots were exactly
the game as thoge in experiment l.

Egtablighment

On July 21lst and 22nd 1958 the plots were sown by placing 2 seeds
of ryegrass in each square of the wire mesh. The appropriate cultivar
to sow wag indicated by the colour code previously painted on the wires.
As each sub plot was completed the seeds were carefully covered by sie-
ved top soil. Suitable wind breaks were erected to prevent the seed
being blown before it could be covered. Weed seedlings were removed
as they appeared and on August 12th the ryegrasses were singled to 1
plant ﬁer square and surplug plants used to fill squares not occupied
by a ryegrass.

At the end of August all plots were cut down to a height of 13" -
2" by a rotary grass cubter which collected all clippings. fhis was
repeated in early Novenber by which btime all cultivars had developed
a good sward. TPigure 2.2 gives a general view of the experimental
gite about thig time.

Grazing and Cubtting

The grass around the plots was kept clogely cut so that when sheep
were put into the paddock they would be sure to graze the experimental
areag. Main plots not to be grazed were covered by cages made of a
freme work of tubular iron covered by wire netting. The hay and after-

math plots were encloged by permanent netting fences as the cages were
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Figure 2.2 General view of experimental paddock. The
grass around each main plot has been cut down and the
experimental swards can be identified by their taller growth.

Figure 2.3 Blackface x Border Leicester sheep used to defoliate
the plots. Part of a fenced hay and aftermath and a grazing plot
are also illustrated.
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not high enough to prevent sheep grazing the tall growth of a
developing hay crope. Figure 2.3 shows the sheep (Blackface x
‘Border Leicesgter) in the paddock beside part of a hay and aftermath,
and a grazing plot.

The number of sheep put in to graze varied between 2 and 6.
Graging time wag adjusted so that the plots were grazed to an approxi-
mate stubble height of %" and this was usually accomplished in 21
hours. Ungrazed tufts were cut by hand shears. IMaeces, which might
effect subsequent grazings, were lifted from the experimental areas
after each grazing.

The hay and aftermath cuts were made by hand shears leaving a 2"
~ 25" stubble. The hay was cut when all cultivars had headed but
before flowering and the aftermaths were representative of gilage pro-
duction.

Manuring

Prior to sowing, 3 cwts. per acre of 15.5% nitro-chalk and 1.8%
superphosphate were applied. FPurther dressings of 2 cwts. per acre
of 18% superphoséhate and 1 cwt. 60% muriate of potash were applied
in November 1958 and 3 cwts. per acre of a compound conteining 12% N,

12% Po05 and 18% Ko0 were given on March 2nd 1959. Thereafter all

manuring consigted of the special mixture and technique used in experi-
ment 1 @lcAligter (1943)). The amount of fertiligzer to be returned
could not be accurately measured since yield debterminations were not
made, but an approximation was reached by cutting with hand shears,
drying and weighing the 8 discard plants immediately adjacent to the
outer edges of the sampling areas in each plot containing Irish, New

Zealand and S.23%. Thig meant that, for each main plot, the manurial
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return was calculated from the yield of 32 squares, 8 in each repli-
cate, and was distributed evenly over all sub plot treatments. Blanks
or weed grasses which occurred in the 32 yield determining squareswere
agsumed to equate with similar occurrences in the sampling areas.

Plant and Tiller Counts

Tield determinations were not made in thisg experiment as it
would have been impracticable to remove pre-grazing samples from the
very small plots used without influencing the inter-cultivar associla-
tions. The effects of management and competition were therefore
assessed by plant survival and tiller production.

Plant counts were made in November 1958, in July and November
1959 and April, July and November 1960,

Tillers were counted in November 1958, 1959 and 1960. 'The
counting was done on plants in the centre of a plot and continued
outwards until 6 plants were completed for each cultivar in the plot,
where this was possible. At the final count in November 1960, all
plants were lifted and the tillers and plants counted indoors. Where
more than 6 plants were present, selection was made by the use of ran-
dom numbérs.

Statigtical Analysis

All basic data were analysed by the analysis of variance techni-
que. The formulae for significant differences used in the interpre-
tation of the split-plot analyses were obtained from Cochran and Cox

(1957).
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The results of experiment 2 are pregented in the following

order:=-

(a) grazing and cutting frequencies,

(b) plant survival,

(c) tiller production per plant,

(d) tiller production per unit area, and

(e) contribution and potential contribution to tiller production by
the components of cultivar mixtures.

Stabigtical Interpretation

In all taebles (unless where otherwise stated) the least gignifi-
cant differences (L.S.D.) at PL0.05 are numbered l-i and can be
applied in the following comparisong:=—

1. Between management treatments (Main plots).

2. " cultivar treatments (Sub plots).
3. u cultivar treatments within the same management treatment.
e " management treatments of any cultivar treatment.

Where an "P" value failed to rsach the required level for signi-
ficance thig is denoted by the letterg N.S. Summaries of the "
values obtained in each analysis are given in appendix 2.

Abbreviations

The names of the sub plot cultivar treatments have been abbre-
viated as in experiment 1. Thus where a cultivar is growing by
itself the full name is used, viz. Irish, New Zealand and S.23. For
treatments where the cultivars are combined only the initial lebtter

of each cultivar present is used, viz. IN, IS, N3, INS.
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Terminology

The main plot management treatments are referred to by the
following terms.
"Cloge grazing" - Main plots grazed whenever the average height of
the grasses reached 3 inches.
"Normal grazing" - Main plots grazed whenever the average height of
the grasses reached 6 inches.

"Hoy treatment" - Main plots cut for hay and two aftermaths.
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Grazing and Cutting I'requencies

The dates of grazing or cutting.(and the interval between defol-
iations) the main plot management treatments are given in table 2.1.
The close grazing plots were defoliated a total of 20 {imes in 1959
and 12 times in 1960. This, as intended, was very intensive utili-
zation; the average interval between grazing being 1l.5 and 16.2
days for 1959 and 1960 respectively. The normal grazings amounted
to 12 and 7 in 1959 and 1960 respectively with aversge intervals of
19.2 and 28.0 days. This management was more lenient than the close
gragzing treatment but still intensive by farming gstandards. The
aftermath cuts were made at approximately equal intervals each year.
1960 was a later year then 1959 and the date of taking the hay cut

delayed accordingly.
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Plant Survival

November 1958

Due to the method of establishment a 100% stand was initially
obtained for each cultivar and at the count made in November of the
seeding year only 6 plants (4 Irish end 2 New Zealand) were migging,
out of the 3024 making up the sempling areas, (the migsing plants
were not assoclated with any particular treatment).

The results of the plant counts made in July and November 1959
are given in table 2.2.

July 1959

Analysis of the data falled to show any significant differences

due to management or competition between cultivars. The survival of

Irish averaged 72%, which was already noticably below that of New

Zealand or S.23 which averaged 87% and 94% respectively. This was
less marked in the hay treatment which, by this date, had only been
cut once for hay. The survival of 8.23 was extremely constant and
wag obviously unaffected by the imposed treatments.

November 1959

Irish vryvegrags By Noveuber the survival of all cultivarg had fallen

congiderably but Irish was by far the most affected having dropped to
an average of 3.%. Irish survival was not gignificently affected
by companion cultivars or management and, like the S.23 in July,
showed little variation between btreatments. The trend was, however,
for a lower survival wherever S.23 was present.

New Zealand ryegrass Survival of New Zealand had fallen to 65% but

inspection of the results showed that this had mostly come from the

large fall to 42% in the hay treatment. The competitive influences
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of Irish and S.23% did not alter the New Zealand survival sipgnificantly
but there did appear to be a greater survival in the presence of ILrish
- especially where hay had been taken compared to New Zesland alone or
with S.23.
S.23 ryegragss The mean survival of S.23 showed a fall from 4% to
73% similar to that of New Zealand, most of the fall again occurred
in the hay treatment. Cultivar combinations had no significant
influence on 5.23 plant numbers.
Table 2.3 gives the percentage survival of cultivars during
1960,
April 1960
There was 1little logs of plants over winter and the counts made
in spring 1960 were only slightly less than the November 1959 figures.

Irigh ryegrass Irish plant numbers were not significantly affected

by any treatmeant and the only notifgble trend was a lower survival
with S.23 under all managements.

New Zealand ryeprass New Zealand survival, however, was much lower

in the hay treatment than under the 2 grazing menagements, which were
identical. The average effects of cultivar treatments over the mana—
gement systems showed that the survivel of New Zealand with Irish was
significantly greater than New Zealand with 8.23. The increase due
to the presence of Irish over New Zealand alone just failed to reach
significance at the 5% level.,  With both Irish and S.23 present,

the survival of New-Zealaqd plants was practically the same as New
Zealeand alone.

8.23 ryeegrass The management systems had a conglderable effect on

the gurvival of S.23. The highest figure of 90% was recorded under
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close grazing and was significently less at 77% when normally
grazed. Hay production reduced this still further to 39%. Apart
from the higher survival under closge grazing these figures were
gimilar to thoge of New Zealand. Ag at previous counts the combina-
tion of S.23 with either or both of the other cultivars did not signi-
ficantly affect its survival.
July 1960

At this time the survival of all cultiyars had dropped by an
average of 7% from the April figures.

Irish ryegrass There were no gignificant differences in the results

for Irigh and the figures for all treatments were extremely close.

New Zealand ryegrass New Zealand showed more variability and the

survival under the hay management was significantly lower than undsy
grazing. In agsociation with Irish, the survival of New Zealand was
greater, but not quite significantly, than New Zealand alone. The
presence of 8.23 did however lower the survival of New Zealand below
itg value in the IN and INS mixtures.

S.23% vyggrass The survival of 8.23 was markedly affected by the
managements imposed.  With close grazing the survival was 85% while
less frequent grazing reduced this to 71% and cutting for hay gave a
further reduction to 3%1%. The combining of S.23 with other culbi-
vars did not significantly affect its survival although, on average,
it was always slightly higher when combined with either of the othexr
cultivars.

November 1960

Irish rvesrass The number of Irish plants surviving averaged 25%

showing very little change during the sutumn period and still display-

ing no response to the different menagements and cultivar combinations.
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New Zealand ryegrass As with Irish, the population of New Zealand

had altered little over the latter perxriod of the trial but was still,
on average, double that of Irish and only 7% less than S.2%. A
lower survival wag again recorded foxr the hay treatment while the
difference between grazing systems was not significant. The mean
square for cultivar mixtures Just failed to reach significance at

the 5% level (table A2.9) but apart from a slight fall in survival

in the presence of Irish, the meang were of the same relative magni-
tude as in July when significant differences were recorded. The
count made in April revealed certain interesting aspects. In assoc-
iation with S.23, the survival of New Zealand was lower than New
Zealand alone in both of the grazing treatments but in the hay treat-
ment it was 31% in the NS mixture compared to 22% for New Zealand
alone. Also, in combination with Irigh, New Zesland survival wag
higher than New Zealand alone in all management treatments except
cloge grazing, where it was always less.

S.2% ryegrass 9.23 had the highest average survival of 60/ with a

range from 83% under close grazing to 29% in the hay treatment.
With normal grazing the survival of 67% was significantly less than
that for close grazing. Combining 8.23 with New Zealand and/ or

Irish did not materially affect its survival compared to S.23 alone.




- 239 -

Tiller Production

November 1958

The results of the tiller count made in November 1958 are given
in table 2.4. At this stage, the main plot menagement treatments
had not been started and the results therefore refer only to oultivar
treatments. As can be seen the tiller production of allcultivars
growing by themgelves had been gimilar, and mixing them had not affec~
ted their development.

November 1959

The mean tiller numbers per plant assessed at the end of the
firat and second harvest years are shown in table 2.5.

Irigh ryegrass At November 1959, management gystems did not signi-

ficantly affect the tiller numbers per plant of Irish but the plants
in the hay treatment appeared to have slightly more tillers than those
under grazing. Irigh alone averaged 25 tillers per plant and this
was reduced to 18, 12 and 16 when competing with Néw*Ze;land, 5.23

and New Zealand plus S.23 respectively.

New Zealand ryegrags The tillers per plant of New Zealand growing

alone were not significantly affected by management systems When
growing with Irish however there were significantly more tillers
under normal grazing than in the hay treatment. The difference
between normal and cloge Jjust failed to reach gignificance. With
S5.23, there were considerably more tillers in the hay treatment than
under grazing.

S.23 ryegrass . The association of S.23 with Lrish or Irish plus New

Zealand resulted, on average, in an increase in the tillers per plant

of 8+23. The increase, in combination with New Zealand, was least
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and not quite statistically significant. The hay management pro-
duced fewer tillers than close or normal grazing although the lattex
difference failed to reach significance.

November 1960

Irish xvegrass By November 1960, an incresase in tillers had occur-

red over all treatments. The results were, however, extremely
variable and gtatistical analysis showed no significant differences.
Examingtion of the meansg showed that, apart from the mixtures with
S5.23% and, to a lesger degree, with 8.23 plus New Zealand in the hay
treatment, all the results for Irish in cowbination with the other
cultivaré were congiderably legs than for Irish alone. Also, the
average value for the hay treatment was higher than those of the
grazing treatments.

New Zealand rvesrass The tillers per plant of New Zealand had also

increased compared to the first harvest year but to a lesser extent
than Irish. New Zealand plants tillered more freely in mixture with
Irigh, and normally grazed than when they were growing alone, but in
the presence of 5.23 their tillering was reduced. Where close grazed
the increase with Irish was still observed, although not quite signi-
ficant, whilst the pregence of S.23 had only a slight depressive
effect. When managed for hay, New Zealand tillering was not materi-
ally affected by cultivar treatments.

S.23 rvegragss 5.23 showed an increase in tillering between 1959

and 1960. Relative to the 1959 figure, the increase was 62% and

thoge of Irish and New Zealand had been 94% and 42% respectively.

S.23% did, however, have a much higher average tiller number per plant
than either Irish or New Zealand. No statistically significant differ-

ences were recorded between treatments but in general the pattern was
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similar to that observed in November 1959. 5.23 had a higher
tiller count in association with Irigh than when growing alone,
especially in the grazing treatments. With New Zealand, the S.23
tillers were slightly reduced in the hay and normal grazing treab-
ments but increased in the close treatment. Where all cultivars
were together, 8.23 tillered more freely under the graszing treab—

ments and had an identical number to S.23 alone when cut for hay.




- 24 -

Tiller Production per Unit Area

Table 2.6 gives the total number of tillers produced per sq. ft.
by each cultivar alone and in mixtures at the end of the first and
second harvest years. ‘I“igures 2.4 and 2.5 ghow the data in diagramma-
tic form.

November 1959

After only one year of grazing, the number of tillers per sq. Tt.
produced by Irish was significantly lower than all other treatments
except IN in the close grazing treatment. IN was significantly lower
than all others except IS which, in turn, was significantly less than
Ns. It therefore appeared that, under close grazing, Irigh (and mix-
tures where Irish originally made up 50% of the plants) produced Ffewer
tillers than other cultivar treatments.

With the less frequent defoliation of the normal treatment, Irish
was also well below all other cultivars but the IN and IS mixtures were
considerably higher and not significently different from the other
treatments.

In the hay treatment, a quite different picture was presented,
there being no significant differences between any cultivar treatments.
Under hay, all cultivars produced markedly fewer tillers than when gra-

zed (except for Irish, which had its highest number when cut for hay).

Novembexr 1960

In the following year the increaged tillering of all cultivars,
easpecially 8.23, gave rise to some different results compared to 1959.
Irish was the cultivar having fewest tillers under grazing. The

unique features of the tiller numbers for Irish under hay management
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were repeated in 1960, There were higher numbers under hay manage=-
ment than elther of the other two managements and more tillers were
produced than by any other variety or combination of two varileties.
S.23 alone, and all mixtures with S.23, had the greatest number of til-
lers in the grazing treatments. S5.23 under both grazing systems, and
IS in the close treatment, were particularly high.

The smallest number of tillers for all cultivar treatments was
recorded in the hay section apart from Irish which did not vary signi-

ficantly whatever the management.
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Contribution and Potential Contribution to

Tiller Production by the Components of

Cultivar Mixtures

Contribution

The number of tillers produced by the cultivars when growing in
mixtures are expregsed ag percentages of the total tillers produced
in table 2.7 and superimposed on the tillers per sq. £t. data in figu-
res 2.4 and 2.5.

November 1959

Irish ryvegrass Thege results show clearly the suppressive influence

of 8.23 on Irigh especially under grazing conditions where Iyish til-
lers never rose above 9% of the combined total. In the hay section,
Irigh did rather better and produced 28k of the tillers.

The effects of New Zealand on Irisgh were less marked but still of
importance. The trend was for a higher ILrigh percentage in the close
grazed plots, where it was 28% compared to 18% under normal grazing.
Under hay management, 32% of the tillers were produced by Irish, an
amount comparable to that produced in company with S.23.

The Irish contribution under grazing when combined with New Zealand
and S.23 or with only S.23 were similar. The 16% contributed in the
hay treatment, while higher than under grazing, still showed that Lrish
was being suppressed by its asgociated cultivars.

New Zealand rvegrass The New Zealand plants growing with ILrigh gave

the bulk of the tillers produced by the mixture. The highest contri-
bution of 82% was achieved under normal grazing but was not significantly
different from the other menagement treatments. In combination with

S.23 only 25% and 28% of the tillers were produced in the cloge and
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normal freatments regpectively. In contrast to this New Zealand til-
lers made up 59% of the total in the hay treatment. With all cultivars
in combination New Zealand gave the same contribution under grazing as
1t had in agsociation with S5.23 but did not show the same increage in
the hay section ag it did in the NS mixture,

S.2% ryegrass Averaged over the management ftreatments, $5.23 was res-

pongible for 86% of the tillers in the IS mixture and significantly less
(63% and 62% respectively) in the NS and INS associations. The effect
of management was, however, highly significant and the contribution of
3.23 was greatly reduced when hay was cut except in combination with
both Irigh and New Zealand, when the reduction was very sglight.

November 1960

The average percentage contributions of the three cultivars were
almost identical with the 1959 figures despite the influence of a fur-
ther year's treatments.

Irish ryegrass For Irish the only major changes were in the hay treat-

ment in association with S.23 as here the contribution was 41% compared
with 28% in 1959 and with New Zealand plus S.23 the contribution had
rigen from 16% to 25%. Otherwige the position of New Zealand and S.23
dominance was maintained.

New Zealand ryegrass The percentages of New Zealand tillers in the
various mixtures and managements had not materially altered but statis-
tical confirmation of many of the differences noted in 1959 were obtained.
Of mogt importance was the fact that under hay management the contribution

with Irish went down compared to grazing while with S.23 the percentage

roge.
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8.23 ryegrags The S5.23 contributions to tiller numbers were not

materially different from the previous year except for the contribu-
tion with Irish under hay management which had fallen from 72% to 59%.
Overall the highest percentage contributions were obfained under gragz-
ing and in mixtures with Irish.

Potential Contribution

As in experiment 1 the precise effect of competition on the
tillering ability of the component cultivars in mixtures was calcula-
ted by comparing their actual contribution to tiller production with
their potential. Table 2.8 shows the results of these calculations
which were based on the tiller production of the cultivars growing
alone, free from competition, given in teble 2.6 and their actual per-—
centage contribution given in table 2.7. The calculations involved
were similar to those used in preparation of tables 1.7, 1.8 and 1l.9.

November 1959

Irigh ryegragss By the end of the first harvest year Irish was belng

suppregsed by New Zealand, 8.23 and New Zealand plus S.23 by an average
of 28%, 52% and 48% respectively. Behind these averages, there were

gome very interesting interactiong belbtween managements and cultivar treat-
rent g.

In combination with New Zealand, no depressgion of Irigh occurred
under close grazing, but a 31% suppression was recorded under normal
graging. With 8.23, on the other hand, the greategt suppressgion of 80%
occurred in the cloge treatment and only 59% in the normal. As a fur-
ther contrast the effects of hoth New Zealand and 5.23 were gimilar in
the hay treatment. In combination with both New Zealand and 3.23 the

suppression of Irish was similar to the effect of S.23 in the close
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management, but was lesg than either the New Zealand or 8.23 effect
under nowmal grazing. By cutting for hay Lrish was supprsssed by

61% which was rather higher than the New Zealand and S.23 effects sepa-
rately.

New Zealand ryegrass New Zealand made an overall gain in agsociation

with Trisgh, but was suppressed by 8.23 and the combination of Irish
and 3.23.

The greatest increase by New Zealand was in agsociation with Irish
and cut for hay when the potential was exceeded by 89%. In the normal
grazing treatment New Zealand made a gain of 11% but under close graz-
ing no increase was recorded. It should be noted that the largest
increasgse achlieved by New Zealand over its potential did not correspond
with its largest contribution to yield; +this was achieved in the nor-
mal treatment when 82% of the tillers were from New Zealand. This
gituation is understandable when it 1is congidered that the suppression
of Irigh by New Zealand, as shown by the deviationg from the potential
contributions, was dependent on the vigour of Irish growing by itself.
Where this wasg low, and few tillers produced, New Zealand could not neces-
sarily he said to be suppressing agsociated Irish plants even although
it contributed well over 50% of the total tillers produced by the mix~
ture. Thus New Zealand made its greatest gain of 89% over Irish in
the hay section because Irish growing alone was much more vigorous under
this management than under grazing.

New Zealand was suppressed by S.23 under both grazing systems, the
tendency being for a higher suppression in the close treatment. The
change to hay cutting reversed this position and New Zealand gained by
50% over its potential, and also contributed 59% of the tillers. The

combination of Irish and S.23 suppressed New Zealand under grazing but



.-255...

to a lesser extent than S.23 alone. New Zealand again showed a gain
under hay management which at 22% was lower than with either Irish or
5.23 separabely.

S.23 ryegrags SHe.23 showed an increasge over its potential under all

menagements and all cultivar treatments except the hay cut with New
Zealand where it was suppressed by 33% In the grazing managements

8.23 made greater gaing under close grazing and was particularly high,
75%, in agsociation with both Irish and New Zealand. Increages of the
same magnitude were recorded in agsoclation with Irish and Irish plus

New Zealand in the hay treatment. Evidently so long as Irish was pre-
sent S.23 was able to increase its tillering but, as has been mentioned,
the presence of New Zealend caused a reduced tillering in S.23{under hay).

November 1960

Irigh ryegrass By November 1960 Irish was being suppressed by New

Zealand under all mensgement systems; ranging from 51% in the hay treat-
ment through 42% in normal to 26% in close. The average depregsion had
inereaged by 10% from 1959. With S.23 the reverse was true and the
average depression had fallen by 22%  This was mainly due to a fall

in the depressions under the close grazing and hay treatments. In
association with both of the other cultivars, the average depresgion of
Irish wag also less than in 1959 due, in this case, mainly to a large
fall in the hay treatment.

New Zealand ryvegrass New Zealand tillered more freely in association

with Irigh than with S.23. The gain with Irish was slightly up on the
1959 figure because of increases in the close grazing and hay manage-
ment s, The suppressive influence of 8.23 was noticably less in the

close grazing treatment than it had been and, the actual contribution
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of New Zealand had increased from 25% to 30%. Under normal grazing,
the depression of New Zealand was higher than under close grazing and
was also slightly higher than the 1959 figure. New Zealand continued
to guppress 8.23 in the hay section but to a smaller degree than the
previous year.

New Zealand, on average, was slightly depressed in combination
with Irigh plus S.23 but did, in fact, meke a substantial gain in the
hay section and small, similar losses under the two grazing treatments.
5.23% ryegrasg The gain of 8.23 in assocliation with Irish averaged
11% but was mostly made in the hay section where a 34% increase was
recorded. With New Zealand, 5.23 continued to show a larger conbri-~
bution than its potential under grazing but, as in 1959, was suppressed
by cutting for hay. In the INS mixture S.23 made gains in all manage-

ment treatments but it is of interegt to note that all were legs ‘than

in 1959,
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DISCUSSION

Assegsment of the Method

The wire mesh techuique allowed identification of plants with
similar vegetative appearance over the two years of the experiment
under both intensive sheep grazing and hay management.

The grazing of the sheep wag, on the whole, very even and few
tufts had to be removed by hand. Due to the arrangement of the main
plots within the paddock, the cloge grazing treatment (in wveplicate 1)
wag at one end and separated from the next close graging plot by two
hay and aftermath and two normal grazing plots. As a result the sheep
tended to neglect this plot which, although evenly grazed, was never
s0 clogely grazed ag the others. This suggests that either a larger
paddock should have been uéed in order to give the sheep more freedom
of movement or, alternatively, strict adherence to randomisation could
have been waived in order to bring similar grazing treatments closer
together. This could have been accomplished while still retaining
the basic block arrangement.

The siting of the trial in an already established grass field
removed the necesslty for controlling weed growth around the plots
and provided the animalg with a firm footing. The contiguity of the
plots and the holding area made the sheep quiet and apparently unaware
of any departure from normal. Any tendency for the egbablished turf
to encroach on the mesh was easlily controlled by occasionally clipping

round each main plot with sheep shears.

The method of establishment by sowing two seeds pexr sgquare was
successful and less bedious than the method used in experiment l. Butb

it was fortunate that there was no excessive rainfall during the
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establishment period which could have cauged the movement of geeds.
To guard againgt such a pogsibility it would be advisable to protect
the plots, during the establishment phage, by the use of transparent
polythens sheeting which could be carried on a framework over each
main plot.

It was obvious when counting tillers that, the greater the num-
ber that could be counted, the better would be the result since plant
to plant variation was high. Initially, every plant in each plot was
counted but progress was so glow that this had to be abandoned. Byen-
tually, six was arbitrarily selected;%eing the number that could be
counted in a reasonsble time. In practice, it took almogt 2 man-weeks

to count the tillers on 6 plants of each culbtivar per plot.
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Development of Cultivars when Growing flone

The 3 cultivars éhowed little difference in development by the
end of the establishment year, the tillers per plant being 15.1, 16.2
and 15.2 for Irish, New Zealand and 5.23 respectively. This indicates
that, initially, the rate of tiller production was similar for these
cultivars and agrees with the work of Davies (1960). Only 4 Irish
and 2 New Zealand plants had died which, of no congsequence at this date,
did foreshadow what was to coms.

Percentage survival

By July of 1959, differences in survival of the cultivars were
noti%%ble especially where the plotg had been grazed. 5423 was most
pergistent followed by New Zealand and Irigh, in that order, although
the difference between S.23 and New Zealand was very slight.  Where
the hay crop had heen taken the ranking of the cultivars wag the same
but the range from top to botbom wag very much less. Thig interaction
of cultivars with management was due to two factors: 1) The inherent
ability of 8.23 to survive under grazing by the production of new til-
lerg and the lack of this faéulty in ;rish and to a lesser degree in
New Zealand. 2) The prostrate growth habit of S.23 ensured that,
although the sheep grazed fairly close, a certain proportion of basal
tillers always remained after defoliation, whereas with Irish in parti-
cular, but also New Zealand, their upright habit allowed the: sheep to
remove practically all top growbh. This effect could be seen quite
clearly by eye after most grazings.

When these two factors operate together under field conditions
it can be appreciated why, under grazing, more Irish and New Zealand

plants will die compared to S.23. By cutting for hay, the effect of
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selective defoliation is removed and as this management was not condu-
cive to profuse tillering, the difference between the cultivars was
therefore less. Previous work in the Netherlands, Sonneveld (1955)

and Van den Bergh et al. (1958) hag shown that hay management 1g favour-
ahle to upright cultivars and grazing to prostrate types.

Four months later (November 1959), the average percentage survival
of Irigh had been halwved and ﬁas 36% compared to 63% and 69% for New
Zealand and S.23 respectively. The important fact was, however, that
the cultivars did not react similarly to the menagement imposed.

Under grazing, the survivalg of New Zealand and S.23 were respec-
tively 80% and 83% while that of Lrish was only 36%.

As the Irigh survival was not affected by the number of grazings
this suggests that a point had been passed in the normal treatment (12
defoliations) beyond which further grazings had little effect. The
level to which the plants were grazed was 2" - %" for both close and
noymal grazing and may have been a more important factor. The survi-
val of New Zealand and S.23, on the other hand, was apparently higher
under the more frequent defoliation system, although thls was not con-
firmed statistically.

The poor survival of Irigh emphasised the need for avoiding the
" use of upright, stemmy cultivars in mixtures intended for intensive
grazing by sheep. Davies (1959) discussed the physiological back-
ground of plant reserves and defoliation relationships and showed how
upright plants will suffer under frequent defoliation compared to pros-
trate types. Figure 2.6 shows a pure Irigh plot alongside a pure S.23
plot prior to grazing in the spring of 1960, The open nature of the

Irigh sward and the extreme poverty of its production can be appreclated.
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Figure 2.6 A pure sown Irish plot (on the lelt) alongside a pure
S.23 sown plot (on the right) prior to grazing in the spring of 1960.
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Neither tiller nor plant numbers can record this situation as, in
counting, a poor plant or tiller hag the same value ;s a good one.
This photograph does not exaggerate the difference between these cul-
tivars and was typical of all replicates. It is therefore important
when interpreting the numerical results to remember that, under graz-
ing, Irigh was =~ plant for plant and tiller for tiller - much inferior
to 8.23.  The gsame remarks apply, but to a lesser degree, to the come
parison of Irigh and New Zealand.

The reason why New Zealand, algo of upright habit, was better
able to survive sheep grazing than Irish can be attributed to its mor-
phology; Dbeing a leafier plant with a higher ratio of vegetative to
flowering tillers than Irish, New Zealand is better»abie to withstand
frequent defoliations.

It was observed that some plants had been completely or partially
uprooted by the sheep and these were mogtly confined to the Irish
plots. By frequent defoliation not only is the amount of top growth
produced lowered but, the root growth suffers in a like manner (Roberts
and Hunt (1936)). Therefore the frequent sheep grazing must have
reduced root growth to a point where the plants no longer had a suffi-
ciently strong hold on the soil, and were then pulled out. Under a
cubting management such plants may well have survived for a longer
period.

The survival of all three cultivars in the hay treatment was
similer and, in the case of New Zealand and S.23, very much lower
than under grazing. BEvidently, with New Zealend and 5.23, intra-
cultivar competition was more severe within the tall growths of the

hay and aftermath crops than in the shorter growths of the grazing
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treatments, resulting in a greater suppression of the weaker members
of thelr populations. In this present experiment, the position may
have been accentuated as there was gone scorching of plants when a
dry spell followed the fertilizer application after the first after-
math crop. It was impossgible to determine which plants had died
through the competitive action of their neighbours and which by ferti-
lizer scorch. Thig could have been avolded by dividing the fertiliger
into 2 or 3 parts and applying them at weekly intervals and this proce-
dure wag followed af'ter subsequent harvests.

In the case of Irish, where survival under grazing was no better
than when hay was cub, the effect of the grazing animal wag gimilar
to the inter-plant competition of the hay and aftermath menagement.

Plant death rate slowed down consgiderably during 1960 suggesting
that the weaker members of the populations‘had been eliminsted in the
first year and the survivors would only gradually succumb given the
same management . Or it is poasible that the less intensive utiliza-
tion of 1960 allowed plants to survive which would otherwise have died.
It is interesting to note that between November 1959 and November 1960
the mean percentage survival of Irish, New Zealand and S.23 fell res-
pectively by 14%, 12% and 13%. It is algo noteworthy that the major
portion of this loss took place during the 1960 growing season and
not over the winter of 1959-60.

The open spaces left in the grazed Irigh swards, as the ryegrass
wag grazed out, were colonised by annual meadow grass (Poa annua L.)
which did not encroach on the surviving ILrish plants and the presence

of which can therefore be discounted as having any competitive effect.
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The gurvival of Irish was not significantly affected by manage-
ment at any period during 1960 whereas, both New Zealand and S.23 had
very much reduced percentage survivals in the hay section, thus con-
tinuing the trend seen in the previous year. S5.23 had a significantly
lower gurvival under the normal graszing mansgement than under cloge
grazing. The actual difference at the final count was 21% between
cloge and normal grazing. New Zealand showed a similar, but not sig-
nificant, trend and the difference between its survivel under normal
and cloge grazing was, at the final count, 17%.‘ Such a situation
could have arisen because the more upright types within the 8.23 and
New Zealand populations were eliminated by the menagement of the nor-
mal treatment which allowed longer intervals between grazings and so
would permit the more erect types to be carried into a pogition where
they were more readily available to the sheep and consequently were
grazed out. As will be seen when tiller numbers are discussed this
did not lead to a more open sward as the surviving plants tillered
more freely in the greater space available to them. This supports
the above hypothesis which suggests that the poorer tillering, or
upright, types were eliminated leaving the more prostrate ones, and
these were able to flourish under the management which caused the
death of the others.

Trish did not show this effect to the same degree, Lhere being
only 4% difference between its survival in the normal and close treat-
ments. This may have been due to the inherent poor tillering and
sbemny characteristics of Irish, which caused all but an average of
of 20% of its initial number to die under the intensive grazing of

both systemg.
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Tiller Production

Congidering now the tiller production per plant, the 1959
results revealed no important differences between cultivars signi-
fying that, although there were congiderably fewer plants per unit
area of Irigh and consequently more room for development, the Irigh
did not possess the ability to exploit it by producing more tillers
per plant.

In the second yeaxr, the tiller number per plant rose for all
cultivars and this may have been a reflection of the fewer number
of plants pregent and, in the case of the grazing managements, a com-
bination of this and the less frequent defoliations. Overall, New
Zealand exhibited the smallest increase, and 8.23 the largest, espe-
clally in the nommally grazed plots, which was undoubtedly a result
of the poorer survivsel in this treatment. The final result, in
November 1960, was therefore that, averaged over the three manage-
ments, Irish, New Zealand and S.23 had respectively L7, 34 and 55
tillers per plant. Although this suggests that New Zealand was the
least productive, the results of experiment 1 showed it to have a
higher weight per tiller which would counterbalance the smaller num-
ber. As for Irish, figure 2.6, as already seen, describes much
more clearly than could be donse by words or numerals the productivity
of Irish tillers.

Management hed no gignificant effect on tillers per plant in
1959, but in 1960, both New Zealand and S.23 produced more tillers
under normal grazing than when cut for hay. In the close section,
the difference was not great and 8.23 actually had rather more tillers
in the hay treatment. Irish plants appeared guite unaffected by

management.
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Survival and Development of Cultivars in Mixtures

Irigh 4+ New Zealand

The survival of Irish was not significantly affected by compebi-
tion from New Zealand in either year of the trial but there was a
consistent trend towards a lower survival under hay management indica-
ting that New Zealand exercised'its greateat competitive eff'ect when
a mature vegetation was allowed to develop. Apart from a rather lower
survival in 1959, and up +till July 1960 when in association with $S.23,
the gurvival of Irish was singularly unaffected by companion cultivars,
irrespective of the management imposed. This could be explained in
four waysgie
(a) that there was no competition between cultivars,

(b) that competition did occur but was not gevere enough to result
in the death of plants,

(o) that competition occurred, but was reflected purely in the produc-
tivity of each tiller or plant and not in tiller or plant numbers,
and

(a) that the grazing managements were of such intensity as to outweigh
any effect of competition on plant numbers. The hay and after—
math section, on the other hand, provided the most congenial
environment for Irish and it was thus able to compete to greater
advantage with New Zealand and S.23.

In view of the evidence provided by experiment 1, the firsgt
explanation would appear to be mogt unlikely. The true explanation
probably lies in é conbination of the other factors mentioned. The
grazing pressure was undoubtedly heavy and could have eliminated all

but the most persistent plants of Irish irrespective of companion
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cultivars. It must, however, be borne in mind that a plent with
only one weak tiller had to be congldered as surviving; plant num-
bers can therefore bhe a very imperfect measure of competition.

The second point is supported by the results for tillers per
plant at November 1959 when Irish growing with New Zealand and/or
5.23 had fewer tillers than Irigh growing alone. These effects were
quite substantial and amounted to depressions of 28%, 52% and 36§ in
the IN, IS and INS mixtures respectively. The following year the
extreme variability of the results made interpretation difficult but
it did appear that, under grazing, the presence of New Zealand and/oxr
3.23% did reduce the tillering ability of Irish.

Ag the number of Irish plants present in the IN mixture were
relatively small and New Zealand refuced the tillering capacity of
the gurvivorg it is not surprising thet New Zealand contributed the
greategt number of tillers to the total of the mixture. Irish con=-
tribution was lowest under normal grazing where only 18% and 4% were
recorded in 1959 and 1960 respectively. With cloge grazing, Irish
performed slightly better and gave 28% and 20% in 1959 and 1960,
Since a taller growth of herbage was permitted under nommal grazing
the more vigorous New Zealand had a better opportunity to shade, and
S0 suppress, neighbouring Irish plants. The suppression of Irisgh
compared to its potential confirmg this asg, in 1959, no suppression
was apparent in the close treatment while 31% was recorded under nor-
mal grazing. The following year, lrigh was being suppressed under
both grazing menagements and the figures for close and normsl respec-
tively were 26% and 4.2%. It therefore appears that New Zealand was
exerting a progressively greater influence on Irisgh especially where a

longer interval was allowed between defoliations.
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The hay management of thig mixture gave Irish a belter opportu-
nity to exhiblt its main attribute, the production of a large crop.
But as New Zealand was also of upright habit it e¢bill continued to
play the dominant role in the mixture. Thus, although Irish contri-~
buted 32% and 34% to the total tiller production in 1959 and 1960
respectively, it was in fact being more severely suppressed than under
grazing. The reduction from its potential was 50% and 51% in the
first and second years respectively. It will be noticed that despite
the fact that New Zealand was exerting its greatest influence under
this management it had not increased from 1959 to 1960 as it had done
under grazing.

The venf low productivity of Irish tillers observable when Irish
was growing alone plus its low contribution to tiller numbers in the
IN mixture under grazing, indicated that its contribution to the yield
of the mixture must have been very low. The yield contribution to the
hay and aftermath crops would, however, have been higher, not only
becauge of a higher tiller contribution, but there was no noticable
difference between the tillers of Irish and New Zealand under hay cut-—
ting.

The overall picture therefore appears to be that, in a mixture of
Irish and New Zealand, the New Zealand will beccome dominant under all
management systems and that its dominance will increase as the intervals

between defoliationg lengbhen.
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Irigh + 8423

Under grazing, 8.23 rapidly geined almost complete ascendency
over Irigh so that, by the end of the first harvest year, Irish con-
tributed only 6% and 9% of the total tillers produced by the mixture
in the close and normal breatments respectively. This was due to
geveral causes, not the least of which was the basic differences bet-
ween these two cultivarg which were dlsplayed when they were growing
alone. Thug when placed together 5.23 caused a sharp reduction in
the number of tillers produced by each plant of Irish and this added
to the low survival of Irish accounts for its very poor performance in
thig mixture.

Under the different defoliation system of experiment 1, it was the
third harvest year before 8.23 gained a similar degree of dominance
over lrish, and the probable reagon for these divergent results can be
found in the work of Norman (1960). He showed how competition can
induce a plant to assume a more upright habit and s0 become more vul-
nerable to defoliation. Thus, the competitive influence of the more
rapld tillering 5.23% on Irish would force it into an even more upright
position than it naturally assumes, with the consequent removal of a
highexr proportion of its herbage at the next grazing. In experiment
1 where the defoliation gystem was quite unselective as regards upright
or prostrate habit such an effect would be unimportant or non-existent.

In 1960, the Irish contribution with 85.23 was 8% in both close
and normal treatments, éhowing little change from the previous year.
Congilderation of the guppression of Irish compared to its potential
shows that ILrish was being suppressed to a lesser extent in 1960 than

1959 in the close grazing sysbtem. The suppression in the normal
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treatments was elso less but only slightly. This situaﬁion arose
because so many plants in the pure Irish plots had died off under
close grazing., In November 1959 33% were surviving when Irish was
alone and 26%% with S.23 but in November 1960 only 22% had survived

in the pure plots while 26% still survived in associstion with S.23.
This result gave Irish a Llower potential in 1960 and so the suppres-
glve influence of 8.23 was less. The underlying cause of this result
ig not apparent from the available data.

The dnability of 8.23 to dominate Irigsh to the same extent, where
hay and aftermath were taken, as it did under grazing was very sbtriking.
The trend was actually in the opposite direction since the contribution
of Irigh rose from 2% in 1959 to 41% in 1960. Undoubtedly the taller
growth of Irigh produced under thegse conditiong prevented itas complete
suppression. It ig interesting to find that Irish had increased its
contribution in the final year asg, if S.23 was going to be eventually
guppregsed, the expectation would have been for this to occur in the
first year. The relative growth cycleg and growbh habits of Lrish and
S.23, and the work of Jones (1958a), lead to this conclusion.

As a sheep grazing mixture, the combination of Irigh and S.23
would be unsuccessful in providing a more level seasonal production
since, by the end of one geagon, it would be virbually an 8.23 sward.
Moreover early grazing, at the heights of growth adhered to in this
experiment, would prevent the expresgion of the rapid growth phase of
Irigh which was shown, in experiment 1, to be associated with heading.
Therefore, not even in the spring of the first harvest year, would any

benefit accrue from this mixture compared to S.23 alone.
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The hay and aftermath crops, on the other hand, did contain a
significent amount of Irish and such a mixture might be expected to
produce an earlier, bulkier crop than would be possible from 3.23
alone. Conversely the presence of the later maturing S5.23% would meke
for a better quality product than Irish alone.

New Zealand + B5.23

In this mixture, a better balance between the early and late
maturing cultivars was achieved, and maintained, over the two harvest
years. Under close and normal grazing respectively New Zealand con-
tributed 25% and 28% of the tillers at November 1959. By November
1960, these had changed only slightly to 30% and 20%. In terms of
actual suppression, New Zealand was gaining on 8.23 under close gragz=-
ing, the depression from its potential falling from 51% in 1959 to 25%
in 1960. S.23% gained its dominance over New Zealand by reducing the
number of tillers on each New Zesland plant and also by causing a grea-
ter number of deaths than took place when New Zealand was growing alone.
That these effects were more severe under normal grazing, where the
foliage was taller, is quite understandable as this would lead to
greater mutual shading.

In both grazing managements, the proportion of tillers contributed
by New Zealand and 5.23 approached the hypothetical ideal yield ratio
of 30/70 advanced in the discussion of experiment 1. That such a ratio
was recorded in experiment 2 (when the menagement was completely diffe-
rent) 1s extremely interegbing; but 1t cannolb be agsumed that a positive
yield interaction would follow under grazing conditions.

When hay was taken, not only was New Zealand able to resgigt the
aggressiveness of 8.23 but, in 1959, actually produced 59% of the

tillers. The only surprising aspect is that New Zealand did not
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dominate the mixture to a greater extent, and the fact that it did
not emphasises the ability of 5.23 Lo succeed under adverse conditions.
As it was, however, S.23 was suppressed by 33% of its potential.

The following year the contribution of New Zealand was down to
L46% and S.23% was only being suppressed by 17% of its potential. This
was mainly due to a reduction in the number of tillers per plant of
New Zealand. It would therefore appear, if two year's results can be
taken as sufficient to show trends, that even by taking a hay and two
aftermath cuts the prostrate 5.23 was more than holding its own in
aggociation with New Zealand. This result does not agree with the
findings of Janes (l958@‘who maintained that, by allowlng the herbage
to reach the gilage stage before cutting esach gpring, the late cultivar
would be progressively suppressed.

Judging by the results of experiment 1, the contribution to total
tiller production of 59% in November by New Zealand would indicate a
much larger share of the yleld in the early part of the year. It may
therefore be assumed that the hay crop would be dominantly New Zealand
and the aftermaths an approximately equal mixture with 5.23.

Irish + New Zesland + S5.23%

In this mixbture the percentage contribution of §.23 remained
between 60 - 70 under both grazing menagements and in both years.
New Zealand was the next highest contributor giving between 25% - 30%
which did not vary greatly between years or managements.  Irish had
the lowest contribution which was 5% under close grazing in both years
and slightly higher at 11% end 8%, under normal grazing, in 1959 and
1960 respectively. S.23 was therefore gaining its dominance at the

expense of Lrish while New Zealand was only slightly suppressed.
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The proporfions of approximately 10/25/65 in which the tiller
production was divided for Irish/New Zealand/S.23 (in the grazing
treatments) were similar to the ratios obtained in the final year of
experiment 1. The grazing manegements of experiment 2 had, there-
fore,'not changed the actual inter-cultivar competition effects in
this mixture but had accelerated them by one geagon.

When cut for hay and aftermath, the dominance of S.23% wasg some-
what reduced and in November 1959 only 56% of the tillers produced
were from S.23 compared to 70% and 60% in the close and normal grazing
treatments respectively. New Zealand was agein the major contributor
of the early maturing cultivars giving 28% of the tillers while the
balance of 16% was made up by Irish. The following year saw a fairly
subgtantial change in these proportions; the 53.23 percentage fell to
47% and Irish increased to 25% while New Zealand remained unaltered.

Ag in the IS mixture, undexr hay menagement, the increase of 8.23
over its potential was less in 1960 than 1959 which showed that the
early cultivars were, not only withstanding, but reducing the aggressive-
ness of S5.23. In the NS mixture, S.23 had been suppressed and there-
fore its gain in the INS combination was obviously made at the expense
of Irigh.

New Zealand in the INS combination, like 8.23, was contributing
more than its potential and showed an inorease from 22% in 1959 to
47% in 1960. Irish too, although suppressed in both years, did better
its position between 1959 and 1960 and the depression, compared to its
potential, changed from -66% to ~Lh%. By exemination of the results
for percentage survival and tillers per plant (tables 2.2, 2.3 and 2.5)
the reduction in S.23 contribution and aggressiveness was seen to be

due to a considerable fall in its survival which was 58% in 1959 end
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only 36% in 1960. These survivors did produce 10 more tillers per
plant, but this was not sufficilent to offget the loss in plant numbers.
Irigh and New Zealand had little or no loss of plants over the same
period, and both showed an increase in tillers per plant, especially
Irigh which increased by 1li. It would therefore appear that the large
loss of Irish and New Zealand plants occcurred in the first harvest year
while S.23 had a more gradual fall, which was still continuing. The
continuation of such a trend may have led to the eventual suppression
of S.23.

I% was seen that in the IS mixture (under hay management) Irisgh
was suppressed, but appeared to be improving its position, while in
the NS mixture, S.23 was suppressed but to a lesser extent in the
second year. These results were obtained from plots originally com-
posed of 50% of each cultivar and therefore in the INS mixture, when
the balance was welghted againgt 8.2%, it is not surprising that the
early cultivars were moving into the dominant position and, at the
last count, Jjointly provided more tillers than S.23. Even these
results cannot be said to confirm the findings of Jones (1958&), but
it may be, as has been suggested, that in subsequent years a suppres-

sion of the late cultivar would have occurred.
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SUMMARY OF EXPERIMENT 2

Using the wire-mesh technique developed for experiment 1, the
persistence and development of Irish, New Zealand and 8.23 ryegrass,
and mixtures of these cultivars, were assessed under two sheep
grazing treatments and a hay and aftermath cutting treatment. No
difficulty was experienced in getting the sheep to graze the plots
evenly. The siting of the experiment in an existing sward removed
the necessity for controlling weed—-growth around the plots and
arouged no anxiety in the sheep since the experimental plots blended
with the surrounding sward.

Cultivars Growine Alons

Irigh ryegrass

At the end of the geeding year, the persistency and tiller
development of Irish was very similar to that of New Zealand and
S5.23%. But, in the following year under the impact of sheep graz-
ing and hay menagement, the Irish plants rapidly dlied off; indeed,
only 36% were surviving by the end of the year. The continuation
of the treatments for a second year caused further deaths of lrish
plants and, at the end of the experiment, only an average of 22%
were surviving. In termg of tiller numbers per plant, Irish did
not differ materially from New Zealand or S5.23 but, when grazed,
the appearance of the Irish swards showed them to be completely
devoid of vigour.

New Zesland rvegrags

The percentage survival of New Zealand under grazing fell
gradually but was always higher under the close grazing treatment.

At the end of the second harvest year the survival under cloge and
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normal grazing was, respectively, 74% and 57%. Under hay manage-
ment the survival fell sharply between July and November of the
first hervest year to 31%. Thereafter the fall was gradual to a
final level of 22%. Tiller numbers pér plent were similar to
the other cultivars in the first harvest year but less:in the
second year. Under normal grazing more tillers were produced
than in the close grazing and hay treatments.l

S. 2% ryvegrass

S.23 had the highest survival of all cultivars when grazed.
At the final count, 82% and 61% of the plents were surviving in the
cloge and normal graging treatments respectively. When cut for
hay and aftermath the survival had fallen to 4l% by the end of the
firgt harvegt year and continued to f£all at?lower rate to 24% at
the final count. The tillering wasg similar to Irish and New Zealand
in the first harvest year but showed a gréater average increage in
the second year than either of the others. More tillers were pro-

duced under normal than close grazing or hay treatment.

Cultivars in Mixtures

Irigh + New Zealand

New Zesland dominated Lrigh under all managements and its
effect was most notié%ble in reducing the number of tillers produ-~
ced pexr plant of Irish. As the intervals between defoliations
lengthened the aggressiveness of New Zealand increased. Despite
this Irish was able to contribute a greater proportion of tillers
to the total produced by the mixture under hay management than under .
grazing. The suppresgion of Irish was progressive under grazing
but remained unchanged over the two harvest years when hay and

aftermath was taken.
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Irish + 3.23

The mixture was completely dominated by S.23 under both graz-
ing menagements; Irish contributing less than 10% of the tillers
produced. The presence of 8.23% caused a large reduction in the
number of tillers produced per plant of Irigh. Under hay manage-
ment Irish was also suppressed, but to a much smaller extent, and
produced a subsbtantial proportion of the tillers, especially in the
second year.

New Zealand + S5.23

Under grazing, S5.23 was the major cultivar but did not suppress
New Zealand to the same extent as it did Irigh. The aggressiveness
of 5.23% wasg more marked in the taller growthe permitted in ‘the nor-
mal grazing treatment. Both the number of plants and tillers per
plant of New Zealand were reduced in competition with S.23.

The hay treatment changed the relative aggressiveness and 5.23
was suppressed by New Zealand although it did contribute an average
of 50% of the tillers.

Irish + New Zealand + 8.2%

8.2% produced the bulk of the tillers in both harvest years
when this mixture was gragzed. The 8.23 dominance wag gained more
at the expenge of Irish than of New Zealand which contributed approx-
imately three timea the number of tillers produced by Irigh. When
cut for hay and aftermath the dominance of 3.23 was reduced and in
the second year the early cultivars jointly produced the greater
proportion of the tillers. This reduction in the contribution
and aggressivensess of 8.23 wag cauged by a relatively high death

rate of plants.
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Conclusgionsg

Under both clogse and normal grazing managements, $5.23 dominated
Trigh and New Zealend elther singly or in combination by virtue

of its higher survival and tillering capacity. New Zealand was
the dominant cultivar in mixture with Irigh due to a better sur-~
vival and higher tillering capacity. The relative contributions
of the cultivars to tillexr production were similar to those recor-
ded in experiment 1 but were achieved within two harvegt years.

In the éase of the IS mixture this position was reached in one
year as compared to the third harvest year in experiment 1. There-
fore, the grazing treatments speeded up the inter-cultivar effects’
without chenging their magnitude.

The hay and aftermath cutting gave rise to different results from
the grazing treatments. There were also differences from the cub-
ting treatments of experiment 1. Irish continued to be suppressed
by S.23 but to a legser extent, while New Zealand was able to domi-
nate 8.23%. VWhere all three cultivars were in agsociation, 8.23
was the major contributor only in the firgt year and was exceeded
by the joint tiller production of the early maturing cultivers in
the second year. It may be surmised that had this trend continued

the suppression of S.23 would have ensued.



Experiment 3

The Competition between Cultivars of

Perennial Byegrass During the Egtablishment

Year of a Sward
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INTRODUCT LON

In experiments 1 and 2 the swards were established respectively
by planting out or sowlng seed at 2 inch centres. This spacing, while
typical of plants in established pastures, was much wider than that
available to young seedlings in a newly sown sward. It wag therefore
felt that some information may have been lost on the competitive
relationshipé during the period when the young plants were in extremely
close assoclation and the sward rapidly thinning out. As seed and
shoot weight have been shown to be closely correlated during the seed-
ling stage (Davies (1960)), the possibility of a suppression of S.23
by New Zealand and Irdish, which have heavier geeds, could not be ignored.
If such a suppression were to take place, and was severe enough to
cause the death of $.23 plants, it would have meant thet, under actual
sward conditions, the equal proportions of cultivars planted or sown
in experiments 1 and 2 could not have been achieved in practice from
initial sowings of the same number of seeds of each cultivar.

Bxperiment 3 was carried out to measure the inter-cultivar compe-
tition between Irish, New Zealand Certified Mother Strain and 8.23
perennial ryegrass in the year of gowing when the plants had one quar-
ter of the area allowed each plant in experiments 1 and 2. The
object being to verify, or disprove, that the mixture proportions of
the cultivars, at the commencement of the treatment years in experi-
ments 1 and 2, were typical of what would follow from normal sowings

of equal seed numbers of each cultivar.
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BEXPERIMENTAL METHOD

Ldentification Bguipment

The similarity in appearance of the cultivars again demanded
that a technique for their pogitive identification be employed. Since
the plants were to be grown at much closer spacing than that used in
experiments 1 and 2 another form of mesh had to be devised. It was
congldered that "Weldmesh" would occupy a disproportionately iarge area
of the surface, at the cloger spacing, compared to that avallable Tor
the plants. Such a gituabtion could conceivably influence the results.

The mesh was conatructed of a frame of 12" perforated Meccano
strips bolted togebher to form a square with fine gauge, lacquered,
copper wire interlaced at right angles to form 36 one inch square
areas within the Meccano frame work. Pigure 3.1 ghows two completed
freames ready for posgitioning in the field. A complete replicate is
shown in figure 3.2 where the seven frames required to accommodate the
different cultivar combinations can be seen. liach frame was secured
to two wooden runners which were buried in the soil thus bringing the
wires of the mesh to ground level and serving to anchor the frames
firmly.

Degign and Treatments

A simple randomised block degign was used to compare the seven
posgible combinations of Lrigh, New Zealand and 5.23. Four replicates
were allowed for, making a total of 28 plots.

The arrangements of the cultivars within each sampling area was

the same as was used in experiment 1 (see figure 1.3). HBach sampling

area wag surrounded by two digcard rows.
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Figure 3.1 Two Meccano strip frames interlaced with fine wire
and secured to wooden runners.

Figure 3.2 A complete replicate of 7 frames ready for positioning
in the field.
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As the wire used wasg very fine it wag impoésible to colour it
(as in Experiment l) in order to assist in identification of the cul-
tivars. A master-plan was therefore drawn up at the commencement of
the experiment which showed the pogition of each cultivar within the
gampling areas. Congtant reference to these plans during plant and
tiller counts enabled accurate ldentifications to be made. This
method of identification was much slower than that previously used
but as the trial was intended to run for only a short period of time,
and the number of plots relatively small, rapidity of identification
wag not an dimportant factox.

Preparation of Site and Bgtablishment

The field site was prepared during March 1959 by firsgt skimaing
off the turf from an esgbablisghed pasture to expose an area large
enough t0 accommodate the four replicates. The top 3"4of 501l wasg
riddled, then levelled and rolled.

The ares wag thenh scorched, using a flame gun, to reduce weed
competltion and the possgibility of finding an unsown ryegrass appesi-
'ing in the experiment. Three cwt. per acre of the special fertilizer
mixture employed in experiment i wag applied over all pl;ts.

On 15th - 16th April the frames were placed in position and two
seeds were placed in each square according to the design of the master
plan. As each plot was sown the geeds were carefully covered by
riddled top-goil.

The seedlings were singled to one per square on 15th May and
blank squares were filled from the surplus plants available. The
end plots of one replicate had guffered from rain wasghing and several

plants were seen to be displaced from their original squares. As
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there were not sufficient seedlings available to completely re-plant
these plots the whole replicate was discarded so reducing the experi-
ment to 3 replications of 7 treatments; a total of 21 plots.

The geed sources were the same as for experiment 2.

Assesasment of Competition

The competition hetween cultivars was estimated.by;plant and
tiller counts taken at varying intewvals after sowing. The actual
dates and number of days after sowing are shown in table 3.1.

At the fivst and last counts, when there was little leafage on
the plants, no pre~cutting was carried out but at all other times
the plots were trimﬁ&d down to approximetely 2" using a rotary cubtter
which collected the clippings. This wag done to facilitate more
rapld and easier counting as the very cloge spacing of the plants
and consequent intertwining of stems and leaves made identification
very difficult when the full top-growbth was present. Moure 3.3
shows the plants in the frames prior to being cut and counted.

The tiller counts were made on six plants of each cultivar
occurring in a plot. The counts were made along the diagenals cho-
gsen at random and, where plants were migging, the counting was conti-
nued to neighbouring rows until six were counted.

All basic data were analysed by the analysis of veriance techni-

que.
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Table 3.1  Dates on which tiller and plent counts were made and
number of days after gowing on which they occurred.

1959 1960
Date /6 26/6 27/7 21/8 23/9 2/11 27/

No. of days after sowing 49 71 102 127 160 200 377
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L

Figure 3*3 Established plants growing in the wire mesh prior to
being cut down and counted.
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RESULTS

Plant and Tiller Numbers

Plant Survival

The percentage survival of each cultivar growing alone and in
mixtures is given in table 3.2 for the period from 49 - 377 days
after sowing.

Cultivarsg g‘ rowing alone

During the establishment year (1959) there was no noticable
difference between the survivals of the cultivars growing alone.
There was, however, a marked loss of ILrigh and New Zealand plants
over winter. In April 1960 (377 days after sowing), the survivals
of Irigh, New Zealand and S.23 were 73%, 79% and 93% respectively.

Cultivars in mixtures

Irigh ryvesrass The only significant difference between the survival

of Irish growing alone and in mixtures occurred at the count made 71
days after sowing when, in company with 5.23, the survival had been
reduced to 87% compared to 95% for Irish alone. Irish survival in
asgociation with 8.23 was thereafter always lower than Irish alone,
although the difference gradually diminished, until, at the final count
there was only 1% between them.

In combination with New Zealand or New Zealand plus 8.23 the
survival of Irish did not vary greatly from Irigh growing alone.
The largest difference occurred 377 days after sowing when, in asgo-
ciation with New Zealand, the Irish survival was 8% higher than Irish

growing alone.



Table 3. 2

Cultivar

Irish

N.Z.

S.23

Percentage survival of cultivars alone and in mixtures.
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Significant differences were calculated on angularly
transformed values which are shown (where

appropriate)

Treatment

with N.Z.
¥ 8.23
" N.Z.+3.23

with Irish
¥o8.23
¥ TIrish+8.23

.S‘:D.
V.%

QN

Alone
with Irish
“ Nl Z.
W Trigh+N.Z.

in parenthesis.

Days after Sowing

49 s 102 127 160 200 377
99 95( 80; 93 94 ' 93 91 73
100 96(81) 93 93 91 87 - 81
92 87(69) 83 83 83 82 72
94 94{79) 9 92 86 87 75
96 93 91 90 88 86 75
N.S. 6 N.S. N,S, ©N,S. ©N.,8. N.8.
7.4 3.7 7.5 6.2 12.% 13.5 17.h
96 9l 93 92 88 89 79
93 87 91 85 80 80 79 .
98 93 93 91 89 89 87
92 92 89 89 89 86 89
95 91, 91 89 86 86 8l
N.Ss. N.s. N.S. ©N.S., ©N.8, N.8., N.s.
7-1 8.1}- 8.8 10-5 10..’.1- 11.8 ll}--b—
98 96 95 9k 9. 9 93
9 93 9 93 93 91 92
o 91 89 87 87 85 85
97 90 92 92 86 86 83
96 92 93 91 90 89 88
N.s. N.S. N.S. N,8., N.,8. N,s. N.s.
7.5 12.0 8.2 13%3.8 15.8 15.7 14.9
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New Zealand and 8.23% ryegrags Neither the survivel of New Zealand

nor S.23 wag gsignificantly affected by companion culbivarg at any
period during the invesgbtigation. The only apparent trend was a
slightly lower suxrvival of 8.23% when growing in assoclation with New
Zealand or New Zealand plug Irish compared to S.23 growing alone.

Tillers per Plant

The tiller production per plant of each cultivar growing alone
and in mixtures is given in table 3.3.

Cultivars growing alone

There were little material differences in tiller production per
plant of the three cultivars. All showed a rapid increage until 71
aays after sowing and then gradually declined. In the spring of 1960
S5¢23 was the only cultivar which had a higher tiller number than that
recorded in the previous November.

Cultivarg in mixtureg

Irigh ryegragss By 49 days after sowing the peculiar result was

recorded that Irish, growing with either New Zealand or 8.23%, had
rather fewer tillers per plant than when growing alone, but, in com-
bination with both cultivars, there were rather more tillers produced.
Thig anomalous situation did not appear again. Over the remainder
of the investigational period Irish tended to produce more tillers
per plant in association with S.23 than when growing alone. The
effect of New Zealand was variable and glight as was New Zealand plus
85.23.

New Zealand rvegrasg In agsoclation with S.2% there was an increasge

in New Zealand tillering except in Novenber 1959 when only 5.9 tillers

were produced per plant compared to 6.9 for New Zealand alone. A%
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Mean tiller number per plant.

Table 3.3

Days after Sowing
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the final count the increage due to the presénce of 5.23 Just failed
to reach gignificance. Combined with Irish slightly fewer tillers
weére initially produced but subsequently there were always more than
New Zealand alone. The results in combination with both Irish and
S5.23 were variable and showedanincreage up to 71 days after sowing,
then a deci'ease until April 1960 when a significant increase was recor-
ded.

S5.2% ryegrass The tillering of S.23 plants was not gignificantly

affected by assoclated cultivars at any time during the investigation.
In mogt cases, however, there were slightly more tillers produced by
each S.23 plant when in mixtures than when in pure sowings.

Competitive Effectg

To_precisely meagure inter-cultivar competition as it affected
both plant survival and tillers per plant,the percentage contxribution
to tiller production per unit area of each culbivar in a mixture was
caloulated in a similar menner as described in experiment 1. (page 66).
By expressing the deviations of actual contribution from potential
(as a percentage of potential) values descriptive of the results of
inter-cultivar competition were obtained. These values are ghown
in table 3.4. Three dates, at the first and last counts in the
seeding year and at the final count the following April, were chosen
to show the trends in the competitive influences.

49 Days after Sowing

In the first growth, from the seedling stage, New Zealand was
the mogt aggressive of the cultivars. I'ts presence reduced Irigh
tillering capacity by 7% of its potential and 8.23 by 19%. The com-

petitive powers of Irish and S.23 were falrly evenly balanced and only
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a 2% depression of Irish and a 2% gain by S.23 were recorded. When
all three cultivars were together each contributed the exact amount
of its potential.

200 Days after Sowing

New Zealand was still exerting a suppressive effect on Irish
which now registered -16% of its potential tillering capacity. £.23
had, on the other hand, recovered from its initial setback and was now
causing an 8% depression of New Zealand tillering. The balance bet-
ween Irigh and S.23 was still falrly even although it showed a change
in direction (in favour of Irish) compared to the 49 day period. The
association of all cultivars produced a substantial depression, by 32%,
of Irigh which was made up by an equally large gain by S.23. The New
Zealand tillering capacity remained unaltered; evidently any gain that
it made againgt Lrish wag offset by the aggressiveness of S8.23.

%77 Pays_after Sowing

At the start of what would have been the first harvest year, had
the triasl been continued, the largest effects of inter-cultivar com-
petition were displayed by Irish. In agsociation with 8.23 or 8.23
plus New Zealand the Irigh contribution to the total tillers produced
by these mixtures was reduced by 15% and 19% respectively. Irigh
made a glight gain when in agsoclation with New Zealand.

8.23 showed a small depression of its potential when in competi-
tion with New Zealand and a 10% gain in its association with Irish.

New Zealand and S.23 gained 9% and 5% respectively in the INS mixture.
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DISCUSHION

The spacing chosen - one seed per sg. inch - is roughly equiva-
lent to the gpace available to ryegrasses sown at 26 1lb. of seed per
acre. The results obtained were, therefore, closely similar to farm
practice. And the cutting frequency (approximately monthly) simulated
the management that would normally be given to an esgtablishing sward
sown without a "covér" CrOop.

At a spacing of one inch, it was possible to identify the squares
containing the different cultivars but this became increasingiy giffi-
cult as the season advanced (it would probably have been impogsible to
have gone beyond the first geason). VWhile the technique is satisfac-
tory for the examination of plant development during the sgeeding year,
the spacing wag too cloge to permit the rapid sampling necessary for
yield determination.

Plant Survival and Development

Cultivars Growing Alone

The death rate of all cultivars was similar during the seeding
year and only over the first winter did the greater persigbence of 5.23,
seen in experiments 1 and 2, manifest itself.

The tiller numbers per plant were also gimilar for all cultivars
although, at the First count (49 days after sowing) Irish did have
slightly more than New Zealand or 5.23. Davies (1960) who carried
out a similar study found S.23 slightly slower in tiller production

than Trish or New Zealaend initially, but in two trials the relative

position of the early maturing cultivars were reversed.
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In the spring of the year following seeding, 5.23% had rather
more tillers than New Zealand or lrish and this finding agrees with
the work of Davies (1960). Obviously the inherent high tillering
attribute possessed by 5.23 wag more than able to compensate for the
initial advantage of the early maturing cultivars, which resulted from
their higher seed weights, and consequent more rapid development,
(Davies (1960).

Cultivars in Competition

Although initially Irish had a slight advantage in texrms of
tillers per plant this did not effect the ability of associated culti-
varg to tiller and survive and, in fact, at 49 days after sowing Irish
itgelf was slightly suppressed, egpecially in the mixture with New
4ealand.

New Zealand was, however, more aggressive towards S.23% and did
markedly reduce its development as assessed at the first count. S5.23
recovered from this position and by November of the seeding year was
actually causing a slight depression of New Zealand. Thé suppression
of Irigh by New Zealand was still continuing and had increased, but
Irish was no longer being suppressed by S.23% and, conversely, showed
a galn in its presence. The gwing was, however, very small and from
a practical viewpoint it could be sald that neither Irish nor $.23 were
affected by each other's presence.

In April of 1960 (377 days after sowing) Irish was no longer being
suppressed by New Zealand but was producing 15% less than its potential
in association with S.23. The position of relative aggressivenesg

between New Zealend and S5.23 had again changed and S.23 was slightly

suppressed, but not to nearly the same degree as it had been 49 days
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after sowing. As 85.23 rapidly recovered from its oxiginal suppres—
sion there is good reason to assume that it would do so agaln, especially
as the effect was less severe.

When all three cultivars were growing together Irish was the only
one which was suppressed and overall S.23 showed the largest gain.

It is therefore apparent that, although initially suppressed by
New Zealand, S.23 can compete favourably with early maturing ryegrass
cultivars of upright habit in the seeding year of a sward. Charles
(1961) showed how the tiller population of S.23 was greatly reduced by
the presence of Italian ryegrass (s.22¥ during the establishment year
and that S.24 ryegrass was also reduced but to a legser deéree than S.23.
He also showed that the suppression of S.23% was less when the grasses
were sgtablished under a cover crop. ‘

The investigations of Charlesg (1960) further indicated that, afterx
the establighment year, the late maturing cultivar will eventually domi-
nate the sward despite its initial suppresgion.

This latter finding lends support to the results of experiment 3
and also experiments 1 and 2. It can therefore be confidently stated
that, inter-cultivar competition in the egtablishment phase of a sward
between Irish, New Zealand and 8.23, will not alter the relative popu-
lations or plant development in a manner likely to influence the subse-
quent effects of competition which were so markedly displayed in

~ experiments 1 and 2.
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SUMMARY OF BEXPHERIMENT 3

The uge of a fine wire mesh, allowing 1 sg. inch per plant, was
satigfactory for the identification of the cultivars. Much greater

care had to be taken to ensure accurate ildentification of the plants

than was necesgary at the wider spacing used in experiments 1 and 2 and

wasg, consequently, slower. Due to the spread of plantsg it is doubt-
ful if the trial could have been carried on for a longer period than
was dones It is considered that, at 1 inch spacing, it would be
well-nigh impossible to make rapid and accurate yield determinations
of the components of cultivar mixbures.

The effects of inter—cultivar competition were apparent 49 days
after sowing when the most marked effect was the suppression of
S.23 by New Zealand. This, however, did not last and by the end
of the seeding year S5.23 was suppressing New Zealand. The compe-
titive effects between Irish and S5.23 were very slight in the seed-
ing year. Irish was slightly suppressed by New Zealand. The
largest suppression recorded was of Irish when in association with
both New Zealand and S.23.

In the spring of the year following‘sowing the largest effect of
competition was again on Irigh which was being suppressed when in
agssoclation with S.23 and 9.23 plug New Zealand. The presence of
New Zesland caused a slight depression of 8.23 growth.

The experiment showed that, although competition did teke place
between the contrasting cultivarsg during the seeding year, the ini-
tially slower-developing S.23 was not suppressed to a degree which

would change the inter-cultivar relationships noted in experiments

1l and 2.
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CENERAL  SUMMARY

TECHNIQUES EMFPLOYLD

The competition - within mixed sowings of Irish, New Zealand

and S.23 perennial ryegrass -~ wag measured in terms of plant
survival and development and the effect on the geagonal and
total yield of the cultivarg, by the use of a technique which
permitted rapid and accurate identification and sampling under
gimulated sward conditions (experiment 1). The identification
technique wag algo applied to a gtudy of the effects of competi-
tion on plant development and survivael when the swards were
gubjected to two intensgities of sheep grazing or cut for hay

and aftermath production (experiment 2). By a modification of
the technique used in experiments 1 and 2 an investigation was
algo made of the competibtion between the selected cultivars dur-
ing the establishment phase of a sward (experiment R
Bagically, the technique employed in experiments L and 2 congis-
ted of growing the plants within the squares of a wire mesh
placed permanently at ground 1evel.. Bach square of the mesh
was painted in a distinctive colour to indicate the positions

of the cultivars, and by this and other physical aids, the
grasses were easily ildentified and sampled. In experiments 1
and 2 the plants were grown at two inch centres but in experiment
3, to more closely simulate field conditions, a smaller mesh was
used and the seeds were sown at one inch centres. While this
latter method was adequate to evaluate the plant development over
a period of one year, the close spacing would have made cutting

for yield determinations extremely difficult.
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In experiment 1, each plant was individually cut and in this

- way the ylields of the components of culbivar mixtures were

determined over the three years of the trlal. Supporting evi-
dence in the form of plant and tiller counts was also recorded.
In experiments 2 and 3 no yield data were recorded and competi-
tion between the cultivars wasg assessed by plant and tiller

counts.
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EFTECTS OF COMPRTITION IN CULTIVAR MIXT'URES

Under sheep grazing, or when cut at approximately grazing
height, the labte maturing, prostrate cultivar S.2% dominated
both of the early maturing upright cultivars, Irish and New
Zealand by virtue Of its greater persistence and tillering capa-
city.

Irish was more severely affected by competition from S.23 than
was New Zealand. By the third treatment year of experiment 1
(defoliated by hand shears) and the end of the first treatment
year of experiment 2 (defoliated by sheep grazing), Irish was
making only a very small contribution to the tiller production
of the mixture with S.23. Where yield assessment wag made,
Irish was seen to be contributing less than 10% of the total
production of the mixture. The suppresgsion of Irigh by 8,23
was progressive, the Irish contribution to yield and tillers
produced falling gradually over the years. The more rapid
dominance of 8.23 under grazing was due, in part, to the selec-
tive action of the sheep which removed most of the upright grow-
ing top growth of Irigh, while leaving the basal prostrate
tillers of 8.23% untouched.

New Zealand made a subgtantially higher contribution to yield
and tiller numbers in association with 3.23 than did Irish. An
important feature of the mixture of New Zealand and S8.23 was the
fact that, although congiderably suppressed in the summer and
autumn of each year, New Zealand recovered each gpring to con-
tribute nearly as much as S5.23 to the total yield of the mixture

(experiment 1). In the final years of both the cutting and
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grazing experiments, New Zealand was still making up between

25 = 30% of the tiller population.

In wixture with Irish, New Zealand gradually became dominant and
produced the major portion of the yield. Irish was never suppres-
ged to the same degree as it was in assoclation with 8.23 and,
under grazing conditions, simulated or actual, gave around 20%

of the yield and tiller production in the final years.

When Irish, New Zealand and S.23 were growing together $.23
became dominant mainly by suppression of Irish. The New Zealand
contribution to yileld and +tiller production wag little affecthed
by competition due to the compensating effects of the aggressive-
ness of 85.23% and the lack of vigour in Irish.

By delaying the firgt cut each spring until Irish and New Zealand
had reached ear emergence the aggressiveness of S.23 was reduced.
Both of the early cultivars continued to be, on average, suppres-
sed under thig management but the contribution that they were able
t0 make to yleld wag noticably increased (except that of Irish in
the final year when S5.23 suppressed it to much the same degree
under all managements). Similarly the suppression of Irish by
New Zealand was less when a longer uninterrupted growth period
wag allowed in spring.

By allowing the grasses to mature to the hay stage before cutting
(experiment 2), the suppressive influence of 5.23 on New Zealand

was completely overcome and S5.23 itself was suppressed. Irish

" continued to be suppressed but to a much less degree in the

second yeaxr of the trial. 8.2% initially maintained the domi-
nant role in combination with both of the early cultivars under

hay and aftermath management; any tendency for its suppression
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by New Zealand being counter-balanced by its suppression of
Irish. After two years of this management, the early culti-
vars were Jointly producing over 50% of the tillers in the
mixture and the aggressiveness of 8.23, although still func~
tioning, was markedly reduced.

Competition between the cultivars was shown to take place
during the establighment phase of a sward (experiment 3). The
inter~cultivar effects were, however, variable. There was no
evidence to suggest that S.23 wag suppressed to such a degree
ag to affect its subseqguent rise to the dominant position

demonstrated in experiments 1 and 2.
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PRODUCTION OF MIXTURES RELATIVE TO CULTIVARS GROWING ALONE

(1)

The gimilarity in the early spring yield of the late maturing
cultivar (S.Z}) and the early maturing cultivars (Irish and New
Zealand) before the early cultivars entered their rapid growth
phage, precluded any advantage being gained (in terms of more
level production) by the combination of an early and a late cul-
tivar. Only when stem elongation of the sarly-maturing cultivars
commenced wag any gmoothing of the growth curve obgserved in mix-
tures with 3.23. The mixture of Irish and 8.23 hardly showed

this at all due to the rapid suppression of Irish.

(ii) Although the distribution of seagonal growth was improved slightly

(1ii)

by combining early and late maturing cultivars, the effect was
very small compared to the change in distribution which resulted
by altering the time of taking the first cut in spring; the
later the cut the greater the percentage of total production
produced in it.

In the cage of the New Zealand and 8.23 mixture, the growth-rate
and total yleld of the mixfure was conglderably greater than
gither of 1lts components growing alone. This may have been due
to the upright and progtrate growth habits of these two cultivars
which enabled better use to be made of the avallable growth space
and sunlight (it was easily noticable in spring that New Zealand
and 8.23 occupied the upper and lower layers of the sward respec-
tively.  This positive intersction did not occur in the first
harvest year and only under certain cutting frequencieg in the
gecond and third harvest years. Apart from one ingtance, where
no positive interaction occurred, the higher yield displayed by

this mixture only took place when the yield was divided approxi~

mately in the ratio 3Q/70 from New Zealand and S.23 regpectively.
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In the third harvegt year of experiment 1, the Irish in mixture
with New Zealand also gave a higher yield than its components
separately. Examination of the individual yields of the culti-
vars in the mixture showed that the major portion of the yield
was being produced by the New Zealand component. The New
Zealand yield in associlation with Irish was, in fact, greater
than that from New Zealand growing alone and wag being produced
from a smaller number of tillers. IHvidently the greater space
afforded the New Zealand plants in the mixture (due to the poor
survival and tillering cepacity of Irish) permitted a higher
vield per tiller than was possible from the more closely spaced
plants in the pure New Zealand swards. This positive interac~
tion between New Zealand and Irish occurred only under one fre-
quency of cutting and there was no indication that a particular
balance between the cultivars was necessary for its expression
(as seemed to be required in the mixture of New Zealand and S.23).
In general the evidence was in favour of the use of cultivar

mixbures compared to the same cultbtivars growing alone.
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Table Al.1 Weekly Soil Temperature and Rainfall for the Period of
the lixperiment.

Temperature 1 ft. Mean Temperature/ Inches Total Rain/

Week below ground Month Rain Month
July 1957
30 - 6 60.9 0.66
7 - 13 60.5 0.67
14 - 20 59.4 59.9 0.59 525
21 - 27 5907 l-3l
Augusgt
28 - 3 58.6 0.02
L - 10 61.1 o441
11l - 17 59.7 58.7 0.61 L.95
18 - 22-}- 58.3 2!17
25 - 31 55.6 0.78
September
1L - 7 56.2 0.90
8 - 1L 546 0.97
15 - 21 5301 5309 2-02 4'16
22 - 28 52.4 0.27
October
22 - 5 50,4 0.36
6 - 12 51.9 50.4. 0.11 L.l
13 - 19 Hl.2 143
20 - 26 LB.8 1.59
November
27 - 2 49.9 1.9
5= 9 Ll L 0.37
lo - 16 l{~3¢7 1-[-5.0 0006 1089
17 - 23 4.9 0.51
2l - 30 46.1 0.1
December
L- 7 459 1.05
8 - 14 41.8 0.18
15 - 21 0.5 L4241 0.93 2.76
22 - 28 11-108 Ocz-ll
January 1958
29 - L 40.5 0.36
h - 11 39.8 2.49
12 - 18 40.0 39.3 0.21 3.93
19 - 25 37.6 0.72
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Table Al.l continued.

Temperature 1 f£t. Mean Temperature/ Inches Total Rain/

Week below O%round Month Rain Month
February
26 - 1 0.0 0.35
2 - 8 39.5 0.95
9 - 15 38-2 38.9 108 3022
16 - 22 3908 0082
Maxch
235 - 1 3844 0. 31
2 - 8 10.3 0.1
g - 15 36.2 38.0 0,0 0.71
16 - 22 3606 0.0
23 - 29 57.9 0.56
April
30 = 5 40.6 0.21
6 - 12 41.0 0.0
lf) - 19 2+306 l|-307 Ocll- 1018
20 - 26 46.8 0.56
May
27 - 3 48.5 0.06
1l - 17 49.8 50.1 0.06 2.6l
25 - 31 50.8 0.27
June
L -7 5kl 0.61
8 - 14 Bhe? 1.0
15 - 21 56.2 552 0.29 2.72
22 - 28 5544 0.56
July
29 - 5 5801 0031
6 - 12 60.7 0077
13 - 19 59.0 59.2 0.93 Leldy
20 - 26 59.1 0.89
Augugt
27 - 2 58-5 2-73
3~ 9 58.3 0.76
10 - 16 59.1 58-7 lol!-h- )+.2)+.
17 - 23 58.9 0.80
2L ~ 30 58.1 0.29
September
31 - 6 59.3 1.67
7 - 13 58.9 0.21
1y - 20 58.4 57.6 Oy 3.91
21 - 27 55.3 0.77
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Table Al.l continued.
Temperature 1 ft. Mean Temperature/ Inches Total Rain/

Week belowoground Month Rain Month
October
28 - 4 5L, 1. L. 77
5 - ll 52!1 1.12
12 - 18 5002 5106 0078 _7).36
19 - 25 5l.3 0.1
November
26 - 1 50.9 1.13
2- 8 49.53 C.48
16 - 22 47.6 Trace
23 - 29 Lh.5 Trace
December
20 - 6 4l.7 0,02
7 - 13 40.1 1.55
21 - 27 40.8 1.0L
January 1959
28 - 3 41.1 L.17
4 - 10 36.5 0.03
1l - 17 3hely 35.7 0,06 l.41
18 - 2)-{- 52{-.6 0056
25 - 31 3)—]—.9 0.08
February
1- 7 3.3 0.0L
8 - 14 3hed 0.51
15 - 21 39.0 374 0.23 Le5k
22 - 28 42.9 0.79
March
L - 7 43.1 0.23
8 - 14 41.9 0.98
15 - 21 1{108 l§—207 Trace lc90
22 - 28 1‘1“3-2 0'53
April
5 - 11 L3.7 0,78
12 - 18 L7 bb.6 ) 0.13 1.83
19 - 25 48.5 0.48
May
26 - 2 L7.4 0.49
3= 9 48.2 0.16
10 - 16 52-!-17 53'2{‘ 0072 lol{:l-
17 - 23 55. 2 0.08

2l - 30 56.7 -
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Temperature 1 ft. Mean Temperature/ Inches Total Rain/

Week below ground Month Rain Month
OF.

June

31 - 6 55.8 0.78

7 - 13 5he 6 0.85

14 - 20 56.8 56.6 0.01L 350
2L - 27 58.6 .74

July

28 - L 58.0 1.01

5-11 594 0.92

12 - 18 57.6 59.1 0.82 L4l
August

26 - 1 60.% 2,05

2 - 8 59 0.12 |

9 -15 60.3 59.7 0.17 C.57
16 - 22 ' 59.2 0.06

25 - 29 60.1 0.22

September

30- 5 57.7 -

6 - 12 57+2 -

13 = 19 56.0 56.1 - L.46
20 = 26 55.3 1.6

October

27 - 3 Slpe s i Trace

4. - 10 55.0 -

11l - 17 53. 1.856

18 -,2l|< 52.3 52.8 1-77 5'53
25 = 31 49.1 1.91
Novenber

l - 7 2{-808 0015

8 - 1l{~ Ll-}-l--8 1-&*1

15 - 21 4ha3 N 0.35 3.67
22 - 28 l{-?nl!- ll 58
Decenmber

29 - 5 L43.6 0.62

6 - 12 L2.5 0.33

13 - 19 42.9 L2.7 1.39 Ll
20 - 26 42.5 1.08
January 1960

27 - 2 h3.3% 1.27

3= 9 41.0 : 0.23

17 - 23 39.3 1.65

2L - 30 40.0 1.66
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Table Al.]l continued.
Temperature 1 ft. Mean Temperature/ Inches Total Rain/

Week below ground Month Rain Month
OF,

Pebruary

31 - 6 ZI-:]-05 0096

7 - 13 37.7 0.07

14 - 20 36,4 3843 0. 64 2.62
21 - 27 36.8 0.80
March

28 = 5 L2 4 0.98

6 - 12 5O 0.0k

13 - 19 42,0 42,0 0.62 1.70
20 - 26 - 42.6 0. 31
April

27 - 2 42.1 0.12

3=~ 9 )-!‘5-3 lo}-I-O

10 - 16 46,5 L46.7 0.61 2.16
17 - 23 4743 0.03

24 - 30 48.8 -

May

1- 7 50.1 0.16

8 - 1k 52.1 0.62

15 - 21 53.6 52,6 - Lol
22 - 28 53.6 0.65

June

29 - L 56.0 0.13

5 -1 57.6 1.0

12 - 18 56,1 - 579 .51 1.68
19 - 25 593 -

July

26 - 2 5905 0-15

5- 9 58.7 1.11

10 - 16 56.7 58.6 0.63 2.66
17 - 23 58-6 0065

2L - 30 38.7 0.21
Avgust

3L - 6 59.1 0.46

7 - 13 58.9 0.23
14 - 20 57.6 58.5 0.61 3.38
2L - 27 58.3 2.12
September

28 - 3 58.3 0.31

4 - 10 56.6 0.56
11 - 17 56.6 5541 1.63 2.78
18 - 24 5l b 0.21L
October

25 - 1 52.4 0.0L

2~ 8 52.6 0.83

9 - 15 50.0 50.5 Trace 2.13
16 - 22 49.2 0.86

22 - 29 50.0 0.06
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Table Al.2 Minimum Temperature at Soil Level for January, February,
March and April in 1958-59-60 and Number of Days when
Temperatures of 32°F. or Under were Recorded.

Minimum Temperature on Mean Temperature/Week
Soil Surface

January 1958

1 22
2 1l
3 16
L. 28 25
5 35
6 30
7 29
8 29
9 35
10 33
11 30 26
12 18
13 16
1. 23
15 L2
16 12
L7 35
18 29 , 28
19 17)hermometers
20 18)covered in
21 16) snow.
22 8
25 9
2l 13
25 1 23
26 3k
27 39
28 45
29 32
30 29
31 29
FPebruary 1958
1 39 28
2 20
3 21
L 28
5 3l
6 19
7 8
g ?} Thermometers 22
10 57 in show.
1l ;52



Table Al.2 continued.

Minimunm Temperature on Mean ‘.'L‘emperature/Week
Soil Surface
12 35
13 32
1. 33 .
15 37 29
16 3k
17 17
18 L4
19 28
20 37
21 39
22 28 30
23 -
24, 30
25 20) Snow
26 8
27 27
28 3l
March 1958
1 11.0 28
2 22 '
3 25
4. .52
5 40
6 25
7 27
8 20) Snow 20
9 10
10 10
11 9
12 17
13 24
1, 17
15 30 29
16 21
17 2l
18 18
19 2L
20 9
21 18
22 19 21
23 26
24 25
25 30
26 30
27 . 35
28 35

29 ‘ 35 34
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Table A1l.2 continued.

Minimum Temperatbure on Mean Temperature/Week
Soil Surface
30 3l
5L 34
April 1958
1 35
2 15
3 21
4 26
5 32 25
6 23
7 29
8 22
9 24
10 32
1l 19
12 20 25
13 20
Ly 28
15 3L
16 30
17 36
18 39
19 L2 36
20 L0
21 %6
22 31
23 L1
2. 38
25 32
26 33 37
27 32
28 39
29 L
30 39
January 1959
1 3L
2 28
3 20 20
;» 20
15
6 12
7 17
8 13
9 17
10 12
11 13 15
12 18
13 19
Lo 15



Table Al.2 continued.

Minimum Temperature on Mean Temperatur e/ Week
Soil Surface
15 10
16 14
17 21
18 29 23
19 37
20 29
21 20
22 20
23 10
2L 18
25 12 17
26 17
27 21
28 20
29 26
30 ‘ 27
3L 18
February 1959
1 11 18
2 17
3 13
b 13
5 15
6 29
7 17
8 16 19
9 16
10 26
11 16
12 25
13 29
14 36
15 26 30
16 29
17 40
18 28
19 30
20 37
21 3l
22 40 38
23 L0
2l Ll
25 42
26 35
27 43
28 LO
March 1959
1 27 3k,
2 25
3 39
b 27
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Table AlL.2 continued.

Minimum Temperature on Mean ’.I.‘emperature/Weelc
Soil Surface
5 37
6 38
7 27
8 28 32
9 26
10 32
1L 39
12 %8
13 2l
14 37
15 31 29
16 2l
17 2l
18 22
19 33
20 22
21, 23
22 29 ‘ 29
23 29
2 27
25 31
26 35
27 32
28 32
29 35 33
30 3L
3L 26
Apyil 1959
1 38
2 26
3 L2
L 22
5 30 29
6 26
7 27
6 33
9 21
10 19
11 29
12 58 32
13 37
L 40
15 40
16 35
17 35
18 26

19 22 29
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Table Al.2 continued.

Minimum Temperature on Mean Temperature/Week
Soil Surface
20 3.
21 23
22 30
23 29
2l 20
25 27
26 35 28
27 29
28 31
29 27
30 18
January 1960
L 39
2 2.
5 2l
L 30 30
5 33
6 30
/ 28
8 22
9 27
10 17
11 22 23
12 20
13 27
L. 23
15 21
16 26
17 29
18 30 25
19 33
20 17
21 22
22 35
23 12,
28 %
27
26 28 st
27 26
28 28
29 2l
30 30
3 32
Pebruary 1960
1 L0
5 30 34
3 540
b 40



Table Al.2 continued.

Minimum Temperature on Mean ’l‘empex‘ature/Weelc
Soil Surface
5 3l
6 26
7 26
8 20 23
9 20
10 21
1L 19
12 12
13 1l
1L 1l :
15 : 24 19
16 30
17 15
18 23
19 300
20 213 Snow
21 23
22 30 27
23 22
2L 28
25
2% %
27 31
28 40
29 L3
March 1960 51
1 L6
2 28
3 31
L 25
2 37
6 36
7 30 30
8 28
9 2l
10 33
11 36
12 3
ii 32
38
16 LL
17
16 %
L 37
20 40
21 6
P 7 34
23 28
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Table Al.2 continued.

Minimum Temperature on Mean ‘I‘emperature/Weelc
Soil Surface

25 28
26 - 32
27 29
28 31 28
29 22
30 20
31 36
April 1960
1 30
2 4]
3 29 '
4 Ly 29
5 L5
6 L5
7 38
8 L2
9 45
10 37
11 39 40
12 36
13 45
1 38
15 38
16 b2
17 27
18 31 31
19 36
20 34
21 29
22 L5
23 29
24 38
25 31 .
% 3 35
27 35
28 37
29 L2

30 35



Table Al.2 continued.

Number of Davs when Tempersture was 32°F. or Under.

1958

1959

1960

January
February
March
April

January
February
March
April

January
February
March
April

22
20
23
18

30
17
2l
19

26
23
13

2

Total 83

Total 87

Total 71
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Table 42,13 Summary of "I values obtained from analyses of percentage
survival data in table 3,2.

Days after sowing
Source of wvariation — D,F. 49 71 102 127 160 200 377

Irish Ryegrass

Cultivar combinations 3:6  3.73°° 10.37%%3,08%° 69" <1 <1 <1
N.Z. Ryegrass

Cultivar combinationg 3:6 1.8885 1, 87NS<1 1.16% 1-314~NS <1 <1

3. 23 Ryegrass

Cultivar combinations 3:6 1.140° <1 <1 <1 <1 <1 <1
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Table f2.1). Summary of "I values obtained from analyses of tiller
number per plant data in table 3.3.

Source of variation

Days after sowing i
D.F. 49 7L 102 127 160 200 32%{
Irish Ryegrass
Cultivar combinations  3:6 5,15 < 1

1.56%5 2,395 2 963 5 go® 1 \

N.Z. Ryegrass
Cultivar combinations

3:6  1.380<1 1,300 1,500 <1

1.0988 5,157

5.23 Ryegrass
Cultivar combinationg

3:6 1.88 <1 <1 <1 <1 <1 1.8




