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Section Cne.

L AMGTACTION,

Flant Breeding end the Iuorovement of 1111 Sasiures
in horth Iasland,

'iHlew Zeelend is esseatiplly s lend of vpasture,
and the endecvour of its fsrmers is to zrass
every type of county from the sessnore to
the line of perpetusl snow',

-~ e Bruce Levy, 1922,
Princi-les of l:xsture mstahlishment,

In a few simple words, written meny yeors ago, we sce the objectives
wndch have becowme fundamentsl not only to the foundetion of Hew Zealaznd's
ferming industyry but to tiae whole ecconcnric wellbeing of the nstion, In ne
other couttry has eontinued economic survivel becowe so elesely associsted
with pesture developunent and the prozress of gressland ond znimsl research,

Since these vords were first written, Hew “erlesnd bas entered into an
crae of sehiovenent, i era in vhich the vislon hss cone necar to reality,
Yew new arees hove been clenred of their netive veretation cnd the schieve-
went hos been reslized by the checking of reversion snd the incressing of
produetion on the existing lend, In little over thirty yesrs, the totel
animel preduction from liew feeland's sressland hes elmost doubled, yet
this agecomplishment provides 1little room for complocency sinee the fubare

the notion depends on the continustleon end even wecclerstion of this

rete of orogress,

lew reelsnd is esson®ilelly an upland cowitry, vwith only & gusrter of
its swface below 650 I't, contour, The topogrophy is rusped aend 20 million

seres or H4 per cent of the famadng land cveilable is seid to be too steep

to permit cultivetion by present dsy metheds {Scott, 1950).

In Horth Islend elone there are slwost J million seres, originally
covered by netive bush znd scrub befors being recloimed ot the bepinning
of the century by buriaings and surfree St;v-.?:'m_s; viith Luropesn grasses and
clovers, which now produce ¢ large provortion of Hew Feelend's beef
cattle snd atore lawbs, Until very recently, puch of tivls inportont areq
wos 1n the strenglenold oi the three scourges of hill ferang - cecononle

D

marginelity, declining Tertility snd steadily dininishing caryying
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cepacity. It is cesy to wnderstend, therefore, why ihe nuejor proporticn
of presslend rescarch in this country haes shown o tendsncey bo concentrote
en solving the vnroblems of the meore fertile and vroduetive lowlond

dairying end {ot lamb ferms,

Recent discoveries, hovever, hzve highlighted s hidden potentiel in
the hill pastures of' lorth Island, cspecielly in ithe more hunid westermn
regions, Thoere is 1ittle doubt thet their improvement, by acrisl top=-
dressing, better prsture manggement, more subdivision -nd the reincorpor-
aetion of' lepumes nnd hign fertility gresses will provide the nucleus for

23

i

inereesed production in ueny other perts of dew Zesland {Campbell, 19
Suckling, 1954, 1955 ).

Lven when these psaturcs resch sn advenced stape of lmprovement,
however, & considercble proportion of thelr production will coutinue o

cone from e speccles slrendy existing there .. ienthonia pilosa
i iy b5 '

sgrostis tenuis, Holeus lanatus, Oynesurus crilstsetus, and sinthoxsathum

ocoratun, There is, therefore, sn uwrgent requirement for wore inforuation
on both the sgronomic potentiel cnd genetic verdction in these speeies
virich show adantation to the hill enviromment {(Royel Commicsion on the
Sheep Ferming Induatry, 1949)e The ultinmste prospect is the development
of more nutritious end peletable grass verieties with unigue charscters
istica, the cepacity to survive in fznming systems of lov intensity end
et the swme time retoin the sbility to respond to improved menegement

end fertility,

In 4953, the Field Husbondry Deeriment st iessey Agriculiurel

College sterted on investigntion into Yorkshire fog (Holeus lcnatus),

one of the nost widespresd snd adepteble ol cll fthe introduced vestern
ruropean gresses (Beanyat, 1957). There hes been, =nd s3ill is, consider=
able prejudice apsinst the use of this fZrass as & sown specles, cven on
morginal lowlend end hill sress, .ovever, it ils now & Lo, or constituent
of some 8 wmillion seres of grasslznd in the North Islond (Gsdden, 194C,
1960), 5 willion seres being in the wetier hill country off the west.

Thus, &5 & volunteer, it contrives to produce wuch of Hew Jewlend's
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production of wool, lamb, beef and even butter fat (Saxby, 1956; Mitchell
and Glenday, 1958; MaMeekan, 1960),

The investigation commenced with the collection of a wide renge of
seed samples, representing local populations of species in most major
areas of the North and South Islands (Basnyat, 1957; Jacques and Schwass,
1959). Since 1953, continuous examination and selection has been carried
out on this material and, in 1959 and 1960, final selection was made in
order to form a synthetic vardety which, it was hoped, ‘would incorporate
the important characteristics of production snd survivel with improved
palatability and animal return, In this thesis it is proposed to discuss
the progendy testing of potential parent plants for this variety and then
investigate the agronomic value of the final product,



Se
Sec Two . -

The Ecological Tolerance of Yorkshire Fog and its
Agricultural Importance,

'FParming is not a question of whim but of the
aligmment of egricultural prectices to
ecological conditions, governed firstly by
the climate, and then by the soil itself,'

- E, Bruce Levy, 1955.
Grasslands of New Zealand,

The most important prerequisite of progress in reéenmh is a thorough
understanding of the ultimate objective, Though the reiteration of this
statement seems a mere platitude, it is appropriate to give it emphasis at
the beginning of a discussion on pasture plant breeding, a science in
which progress has been retarded for some time by the lack of adequate

understanding of the enviromment and appreciation of its requirements.

In many instances it has not been possible for the breeder to
improve on the products derived from primary selection, the phase in which
surveys were made of the renge of adaptive variation in the species, The
certificetion and multiplication of those ecotypes or land races with
the greatest agricultural potential, has, in fact, provided the basis
for most of the improvement programmes carried out both in New Zealand
and overseas (Levy and Davies, 1930; Corkill, 1957).

Despite the application of modern breeding methods and selection
indices, it is herdly possible to improve on the products of natural
selection without a fuller understanding of the relationship between
the plant and its environment, This is particulardy true in the context
of breeding for hill pastures, because, under the extensive farming
systems typical of these areas, man's control over the enviromment is at
2 minimum and natural selection is allowed to exert its full influence
(Prenkel, 1954, 1957, 1958). '

Although precise definition of the hill enviromment in North Islend
is difficult, its genersl description corresponds closely to that of
other marginal lands in the temperate regions of the world, Its outstanding
characteristic is varisbility - in climate, soil and management - for,
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despite the popular vision of New Zealand as & uniform grassland Utopia,
the country encompesses more climatic differences in relation to its
area then any other pastoral region in the world (Madden, 1940; Gernier,
1958).

In the major areas of hill land development, below an altitude of
2000 f't,, temperatures remain within a relatively narrow range throughout
the year, Over the whole region, mean annual surface temperatures are
within the range 50° - 55°F while meximum and minimum ﬁonﬂﬂ\y temperatures
are only separated by 15° - 20°F,

Because of the wide variation in the topography of the hill slopes,
however, considerable differences are noted in the micro-climate within
relatively short distences, Recordings made on the hill research station
at Te Awa (altitude 1050 ft) show a difference of approximetely 4°F in
the mean annual 4 in, earth temperatures of sunny and shady faces,.
Although the mean monthly 4 in temperatures rise to only 55° - 65°F in
the summer, maximum temperatures on the surface regulerly exceed 70°F
and have been recorded up to 120°F (Suckling, 1954, 1959).

However, the variability of rainfall and soil moisture rather than
temperature, typify the hill lands of North Island, In the wetter westemn
areas, annual rainfall generally exceeds 60 in, while in the east, in
Hawke's Bay, it is between 30 end 40 in, The reinfell, in addition, is

more varisble in the east and summer drought is of frequent occurrence,

The conformation of the land again exerts & major influence within
any particular region and soil moisture and fertility gredients are

everywhere apparent,

In considering the potentiel value of Yorkshire fog in the hill
areas therefore mejor emphasis will be placed on its tolerance of
veriation in the environment and its adeptetion to extensive systems of

agriculture,
The geogrephical distribution of Yorkshire fog.

In his survey of the geographical distribution of flowering plants,
) \
Good (1947) drew particular sttention to the overall supremacy of the

. o\
A \



7o
grass family in their capacity for colonisation of & wide range of
habitats, Within the femily, however, the western Buropeen grasses occupy
a special position through their contribution to pestoral ferming in all
the temperate regions of the world (Hartley and Willisms, 1956). Yorkshire
fog is no exoaptit;p for, although seldom used as 2 sown species, its
efficient means of’lh,eed dispersal and tolerance of habitat variation meke
it one of the mosticompolitan of all grasses,

Yorkshire fog probably has its centre of origin in the Iberisn
Peninsule (Vinall and Hein, 1937) but, as a result of continued coloniz-
ation since the end of the Ice Age, is now found throughout Europe from
the limits of Northern Scendinavie and Iceland to the Caucasus mountains
and north west Africa (Beddows, 1961; Hulten, 1950; Bocher and Larsen,
1958), Under the influence of humen pastorsl activities the species has
spread to all of the more recently developed farming areas in the temperate
regions of the Americas, South Africe and Austrelia (ii:. 2¢).

Yorkshire fog was introduced into New Zealand, either as a seed
impurity or, more objectively, for use as & hay grass, by the settlers as
recently as the 1860's., Due to its aggressiveness and capecity for seed
production it has spread throughout both Islands of the mainland end even
to the more remote Chatham and Auckland Islands (Cheeseman, 1923;
Stapledon, 1928), ‘Undor the equsble climatic conditions in this country,
its colonization limits probebly exceed those observed in the British
Isles, where the species is established in every district over a wide

eltitude renge (Beddows, 1961),

o
.

The prewar pasture surveys of the North and South Islands (Madden,
1940; Hilgendorf, 1935) record the association of Yorkshire fog with meny
major grassland communities, particularly those which are typical of the
more humid and less fertile regions, It.is a major component of much of
the North Island hill country where declining fertility has led to the
dominance of browntop (Agrostis tenuis). Yorkshire fog also contributes
in no small way to the total production of meny lowground dairy pastures,
particularly in the Waikeato (MaMeekan, 1960).
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In the South Island and the more easterly hill- regions of Hawke's
Bay, the absence of adequate rainfall precludes the dominence of fog in
any major community, It does however contribute valuable sheep grazing on
some of the better tussock gress zones, particularly during the winter
months, Flant materiel has been obtained from altitudes of over 2300 f't,
on Mt, Somers in Canterbury (R, H, M. Langer), It is importent on the
poorly dreained :'mféz:tile soils of coastal Westland and can become a menace
to seed production in the arable aress of the Canterbury Plains (Basnyat,
1957).

Climatic tolerance.
Yorkshire fog exbibits the wide tolerance of temperature regimes

which is charscteristic of the important western Europeen gresses (Mitchell,
19563 Mitchell and Lucanus, 1960), In controlled environment studies at
Grasslend Division, the growth of seedling plants showed general similarity
to that of peremnial and short rotation ryegrass, cocksfoot and browntop,

The rate of growth of foliage on an individusl tiller, the most valid
estimate of production under sward conditions, remsined high at all
temperatures between 55° end 85°F, with sn optimum in the region of 62°F,

In temperature tolerance, therefore, Yorkshire fog occupies an intermediate
position between perennial ryegrass end cocksfoot, The former shows a
tendency to suffer from the high temperature and light intensity regime
prevalent during the sunmer in many parts of New Zealand, whereas cocksfoot
seldom experiences adequate temperatures for optimel growth (Mitchell, 1959).

Although the production of Yorkshire fog is sensiderably affected by
the reduction of temperatures and, to a lesser extent, by the limited
light aveileble during the winter months in the North Island, growth end
new tiller formetion contimues, Close study of the seasonal growth rhythms
in a wide renge of species (Iynch, 19497 Suckling, 1960) does, in fact,
show a remarkeble constancy of production in this reputedly undesireble
species,

Edaphic tolerance,

Concerning its velue in merginel areas, one of its most important

features is an almost complete absence of edaphic specialization (Levy,
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1955; Beddows, 1961). Yorkshire fog is capable of growing on 2 wide range
of soil types, varying from send to heavy loem and derived from such
diverse parent materials as pumice and volcenic ash, limestone, sandstone
and papa, greywacke end orgenic peats, Although the optimun soil reaction
for growth is considered to be within pH 5.0 = 7.5 (Spurwey, 1941; Davies,
1944), this gress is a notable colonist on areas of much higher acidity.

Although Yorkshire fog grows on areas varying in soil moisture content
from waterlogged to aversge and in fertility from moderately high to low
(Levy, loc, cit) there is little spperent effect on grass growthe It is
difficult to specify the exact physiological basis of these wide tolerances
but three fectors may be of importence in assisting the plant in supplying
its nutrient requirements under seemingly adverse conditions,

The first importent feature is the adaptation of the root system to
the sbsorption of nutrients in the surface layers of soil (Boggie et al,
19583 Beddows, 1961). The snatomy of the root incorporates a radial cortex
and many small irregular air spaces, structures which may increase the
efficiency of nutrient uptake when the soil water level is High and
seration is restricted (Soper, 1959).

Studies of the cationeexchange capacity of the root systems of various
grass and clover species (Moust, 1959; Jaclkmen, 1959) tend to suggest that
Yorkshire fog has a high competitive ability for phosphate, nitrogen and
potash where their deficiency is a major factor limiting the growth of
plents of higher ecologicel succession, Even when grown on soils extremely
defigient in calcium end phosphorus (Devies, 1952‘,1, the herbage produced
showed average levels of these minerals.

In certein soils, it has been reported that the roots of Yorkshire
fog become extensively infected by endotrophic mycorrhize (Nicholson, 1960).
A symbiosis of this nature may have somé ecological significence becsuse
of the possible fixation of small but eritical quantities of atmospheric

nitrogen (Stevenson, 1959).
Biotic tolerance.

Although Yorkshire fog will persist under a wide renge of management
regimes, its general growth hsbit and system of vegetative reproduction
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are m.qst puited to o lenienty system of defoliation and the maintensnce
of n certoin smount of herbege cover (levy, 1955; Beddows, 1961), The
specieg is gencrally prepagated by wind or human dispersel of sesd yet it
does spread considerably, once it has become established in a prature, by
the formation of a dense net of runners and developing new nodal roots

and shoots,

Controlled enviromasnt studies elaborate the existing evidence that
this gimss iz intermediate between cocknfoot and perennial ryegress in its
tolerance of grezing (Mitchell, 1956). In the swerd, the growth of the
Yorkshire fog plant is convred on leal expansion on a moderate number of
large tillers, whereab in syegress ond brovntop 1t is on & large nunber of
small tillers, Thus, at o constant terperature of GSOF, equivalent growth
is obteined from %0 tillers of fom or cocksfoot, 80 tiilcrs of ohort
rotation ryegrass, 100 tiliers of perenniel ryegrass or 350 tillers of

browntop.

The differences between cocksfoot ond fog ars relested to the f‘omm..’a:ic'}n
of leef %$issues. Althouph the deily rote of incresse in leaf le.néth is
lovier 'Ln the latter, the leaf Dlode siwows & grester average width, This
suggests thet recovery from close grazing will be grester in Yorkshire fog,

a smaller proportion of the total photosynihetic surlface being removed.

fyom these considerations it can be reesdily deduced thet fog is not
adapted to lthe close grazing, heavy tresding or very high fertility of the
most productive lowground shcep pestures, 1t 1s however, ildeelly suited to
survival under the less intenaive systens typical*of meny dairy pastures

and upland sheep ferme,

The Agricultural tentisl of' Yorkshire Fog,

It has been mentloned previcusly that, despite its observed ccological
tolerence, Yorkshire fog is rarely inco:i'porated in.scf:eds mixtures, although
it has shown great velue in the pioncer steges of hill land snd peat bog
improveirent (.»“.d&m, 1953; Stapledon, 1953: Devies, 1_952)._ ’i‘ne reasons for

this apperent ovérsight zre not connected with any shortcoming in growth

rhythm or producticn. It is more probable that the reputation of this grass
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has suffered because of its association with areas ef low fertility and
insufficient environmental control (Basnyat, 1957). This connexion mey
have some importance when the removal of these conditions is economically
feasible; it is of little consequence in the context of the hill farm,

The information presented up to this stage has tended to stress the
valueble characteristics of Yorkshire fog, There are several features,
however, which, elthough of ecological significance, are importent drawbacks
to its usefulness as a pesture grass, |

The value of a grass is deteminéd by the ultimate animal return and
factors such as nutritive value, palatability and digestibility cean be of
more importance than high dry matter production,

One of the major shortcomings of Yorkshire fog is its low relative
palatebility at certain stages of growth (Devies, 1925). The early spring
Mhis rapidly consumed by all animals and it is almost certain that a
rapid decline in palatability is associated with the onset of heading and
the genersl reduction in nutritive value characteristic of most grasses at
this time, In the case of Yorkshire fog, this appears to be more pronounced
because of the presence of velvet-like pubescence on the foliage (Stapledon,
1927; Cowlishaw and Alder, 1960). »

The differences between fog and certain other grasses are most
noticeable when palatability is assessed by meking a large number of species,
availeble to the animal, often when they are at different stages of growth,
Where fog is grezed alone and is not allowed to become renk, little
difficulty is experienced in consuming the herbage throughout most of the
year (Watkin, 1960),

The possibility of improving the relative palatebility by selection
end breeding within the species is qiibe high, however, Studies of the
grazing preference of sheep on speced plant materisl of Yorkshire fog
(Jacques and Schwass, 1959; Besnyat, 1957) hes revealed a relationship
between low palatability and the following featuresi-

(a) prolific heading during the flower period,

(b) severe infection by crown rust (Puecinis corenata),
and

(¢) a prostrate hebit of growth.
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Recorded observations on the grazing utilization of -Yorkshire fog herbage
in the sward closely tie up with this information, In many cases there is a
tendency for the animal to graze out the plant centres alone, leaving the
peripherel tillers to become renk and form flowering heads, Selection towards
a more semi-prostrate or semi-erect habit mey reduce the difficulty of
maneging the sward to prevent heading,

In certein yeears, when conditions favour the spread of the pathogen,
Yorkshire fog can become severely infected by orown rust (Puccinia coronata
Cords var, holei) which is responsible for a considerable reduction in
palatability (Corkill, 1956; Ivins, 1952),

The digestibility of the herbage is equivelent to that of meny of the
so called 'better' grasses (Raymond, 1958), Exsmination of the anstomicel
structure of the leaves in relation to the presence of indigestible cell
formations shows a low proportion of either sclerenchymatous tissue or
collateral vascular bundles (Regal, 1960).

In their classic study of the chemical composition of swards, Fagan
and Milton (1931) found that growth stage was move important tha' species
iz} determining mutritive velue, The physiologicel processes associated
with floral emergence result in both a decline in the proportion of crude
protein and a rise in the fibre content of the dry matter, In Yorkshire fog,
crude protein dropped from 13.5 per cent at the beginning of panicle
emergence to 4.6 per cent at the time of cutting for hay, At the seame time
the fibre content rose from 22,9 to 34.6 per cent,

It has been noted earlier that Yorkshire fog'hes the capacity to
maintain an average mineral content in the foliage even under conditions of
extreme soil deficiency, There seems little need for improvement in this
aspect as even in fertile aress the content is comparable with that in more
highly regarded grasses (Thomes and Thomson, 1948). Similer lack of
discrepancy has also been shown in relation to the proportion of nitrogenous
compounds, sugers, ash, fructosens and orgenic acids present (Bathurst end
Nitchell, 1958).- '

Several writers have postulated the presence of hydrocyanic glucosides
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or oestrogens but this has subsequently been dispomed on further investi-
gation (Beddows, 1961; Pope et al, 1959), If a considersble amount of
dead basal tissue is allowed to accumulate in the pasture, however, it mey

form & medium for the growth of Pythomyces chartarum, the csusel orgenism
of facial eczema (Berclay end Wong, 1961).

T 70 t the Velue of Yorkshir

In considering the present status of pasture plant breeding as a
whole, emphasis was placed on the necessity for 'bett@r definition in the
objectives of selection, An improvement of this nature can only come about
from a better understanding of the relationship between the plant and its
environment,

Yorkshire fog has shown, both by its widespread presence in the area,
and by its observed ecological tolersnce limits that it has a potentiel
in the hill areas of North Island, Since the grass resdily establishes
itself as a wlunteer, however, its inclusion in the initial seeds mixture
seems to be dependent on the isolation of a source of genetic material
which posseasssuperior characteristics to many of the commercial seed
limes aveilable in New Zealend today.

The major objectives of a Yorkshire fog improvement programme will be
those associated with improving the utilization and palatability of the
grass., A task of this nature cannot be solved by selection on a single
plane, however, Five features seem to réquire concurrent improvement
(Jaeques, 1959), nsmely:- .

i, the habit of growth, R
ii, the extent of leaf pubescence,
iii, the proportion of dead basal tissue,
iv, resistance to crown rust, and

v, compatibility with legumes in the sward,

The utilization of Yorkshire fog i.n the pasture through the grazing
enimal is considerably affected by the incidence of flowering and selection
towards the development of a variety which shows limited tendency to head
is extremely importent, Preliminery studies carried out by Besnyat (1957)

suggest that plants adopting a semi-prostrate growth form with adequate
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growth on the crown will prove to be the best agronemic type.

Early breeding work in this grass at Aberystwyth (Beddows, 1961a)
resulted in the development of a glabrescent variety., Completely glabrous
types are unknown but differences have been noted in the proportion of
hairs in plants from various parts of New Zealand and selection seems
possible (Jecques, 1959).

In the initial studies of spaced plants of Yorkshire fog at the Flant
Research Station (1932), attention was drawn to the need for selection
towards freedom from dead basal tissue, which results in the formation of a
surfece mat in the pasture, No marked differences were noted between limes
in these characters and it was suggested that screening would have to take
place within the populations,

The improvement of resistance to rust infection is a relatively simple
procedure, giving repid response to selection (Corkill, 1956),

The final consideration, that of compatability with other species in
the sward, is particularly importent in the hill pasture where the essential
nitrogen must be supplied by legumes such as white clover and lotus
uliginosus, Yorkshire fog has a repatation as o swothering plent because
of the formation of a thick surface mat, Although persistence is generally
regarded as an importent character in any perennial gress it may well be
thet too much emphasis should not be placed on it in this context (Beddows,
1961a), The fog will gradually be replaced by species such as ryegrass as
fertility is incressed through the grezing snimal snd it must allow the
survival of the other gresses duving the intermediate steges of improvement,

Cenclusion,

The available information on the ecological tolerance of Yorkshire fog
gives emphasis to the desirebility of its inclusion in North Islend hill
pastures, The next logical phase in the selection of an improved variety dis
%o study the influence which the Now Zeelend enviremsent has had e gunslle
variation in the species and then assess the probable location of the most
desirable genotypes,
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BLETIAN THRI,

I UT LLZaToN

Tiatural selection is so sipple in i"cs u}')plic:uti-:\n
and yet so jj‘orceful in ids resudlis that no
gerious consideration showldd he piven to methods
Tfox the improwenent of o pertlculer lorige specics
that do not wiilise the beneflits slready achioved
e tuRE, ¥

J. i, Fochls
Brocding Fig

The extent snd ropidity of the edeptation of introduced posiuvre plonin
to the lew tealsnd envirvenment is orimerlly gov.cmed by she anturs of dhodr
breeding aystems (Heker, 1955:; Fronkel, 1954.). Uessite the welaiively
recent development of this country's prassland cusourcen considerchble
ecotyple develosment hes been shoun in the mojor outbresding specics e
perennial ryegrass (Levy snd uvies, 1930) cochsiood {Unlier, 1955) ond

tirotiy {Gorman, 1950),

Genetic verlation in outbreeding plants is essentislly of & continuous
nefure, being under the control ol o large nmuaber of polyrenic systewss
(Hether, 19533 Clausen end “fesey, 1958, 1960), Variebility is contuined

both within end between the constituent plénts nad pepuldstions o the

J

specics cnd, despite ¢ ecertain smount oi' cocherence in nojor ad

Teotures, it is possible to wmaintein The abil:ty to resnond rapidly to new

Yorkshire Lo ig clmost certainly outbrecding throughout most ol iis
digtribution aren {Beddows, 1931). On the continead off Iurvone, recent
investigations hove showm the extensive formmation of ecolypes or, nore
correctly, ccolingl veriation (Huxley, 1938; Grogor, 1939} in cdaptive
festures such as prowth fom:, cibent of flowering, time of flovering oad
perennialy (Bocher snd Yorsen, 1958}, The verietd a pottern in this regiong

the centre of distribution oi the specics, stron iy reilsebts the recurrence

1

1

of certzin elinatic, edephic snd blotic scyusincus, coch claivcloristice

being closely sagsvcisbted with the Lleugth of e colive growing periody the

bemperature regine, tile incicichce ol seesonsd mDlslure shress
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1959}, exposure to wind nd the influcncs of the greazing enduel {Stavledon,

1925),

A8 the district of origin of the material becaae more northerly cnd
mesn cuiwal and nmichvinter Seaperatures declined, theres was sn incrcasing
tendeney to deloy head Cformation until the sumier aiter the yeer of sowing,
Floral induction: in Yorkshirce fog is priuerily controlled by & low temperature
requirenent {Cooper, 1960) vhich is urobebly closely corieloted with the
avorsge terperature of the coldest nonth {(Ketellspoer, 1960}, Other
ccaclines recorded were those of growth hebit and time of flovering, which
arc releted to the strong sclective pressures of moisture aveilebility,
erposure ond the zraging cnimal, Plants frone cosstel erens fommed flat
leal cushions ond hed slender ascending culnus vhereas those native to

continental districts were tzll,; crect snd mostly cerly flovieringe

Despite the rother limited period in vhich Yorkshire fog has been
subjected to the Hew Zealond cnvironment, notursl seleetlon hes tsken plece
to such cn extbeat thet the voricebility cxpressed is in meny woys ouulvelent
te that found in the centre of distribution. #fs3 the oripginel nucleus of the
species in this country probsbly came from & limited smount of ¥nglish
seed, now variation must have been relessed through recombinetion, Hew

p

Zeclend hos, in fect, become & new centre of diversity of' the specics

(Derlington, 19563 tutchingon, 1958},

The subst:

tbiating evidehee for this steenent is derived from the
initizl gtudy of veriatlon in iew Fucloind metericl carvied out by Imanyat
{1957} and Jacques snd Schwass. n 1954, 118 seedemonples verce reccived
from eress in both Islands of the mainlsnd and the adjscent Chsthom
islonds (Pig. 3). lo sced wos ineluded fron vestlend, but ctherwise the
collection wes regorded as o typlesl cirvoss-scction of brocding populaiions

L

of Yorkshiye fog in this country.

Althoush the preliminery suslysis of verdation wasg concernced with the
relationship between growth fomi snd the time of Rowering, leal morphologpy,
plant colour, rust infection vnid recovery witer gresing, it is perhsps more

aprroprisnte to clossify these elhareotoristics on ¢ reqionsi snd olimatic
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The most suitable climatic divisions for this purpose are those
adopted by Gernier {1958) and Taylor (41954). In the latter case the main
eriterion used was that of the wonthly potential evepotranspirztion in
ench repjon; es this measurement is closely relnted to the asssimilation

of the plant the divisions have a strong ecologicnl signiflicance,

The length of the growing sezson is under thermsl control and is
considered te be the number of manths in which evajotranspiration is in
excess of 1 in (Fig. 4a). In Horith Auckland growbh continues a1l the yeor
round, whercas in the interior of Horth Island and throughout most of
South Island, low temperstures limit evppotrsnspiration to below the

critical level for three months or more.

On the other hsnd the control of ewpotronspiration by moisture
governs growth during the warmer months (Fig, Lb)}. The incideucc of the
period of moilsture deficiency is based on ihe exhaustion of the soil
reserve {cstimated as 1 in, rainfall), Growth is then subject to the emount
of reinfall in the following months. Most northern and western regions in
both Islends exnerience no mejor drought period but on the east coast of

South Island there is e deficiency for up to five months in the year,

Stetistics are aveileble for the resionsl froquency of growth fomm
groups, time of flowering, flowering during the year of sowing, plant
reoovery ofter grazing snd average ruat infection., & sumuery of this
infermation is presented in Teble §, the mein reglons concerned Ibeing shovin
in Figure o,

HMthough there is extensive varistion within “the populations in each
region the mean phenotype demonsirates the intimate reletionship of cach
character to o prowth rhytlm essential to survivel snd reproduction. The
proportion of ¢rect and semi-erect plents gradually diminishes with the
shertening of' the ective growing season 'I‘mm north to south, In western
North Tslend, the combined groups (erect and semi-erect) generally excecd
15 per cent of all plents cxemined under the nursery conditions at
Palmerston North, Haterdial derived from South Island, however, was more
prostrate in nature, only up %o 5 per cent of the plants heing ercct or

semi-ercet,
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The time ol [lowering is ¢ feature considercbly influenced by local
picro-habitet conditions ce.g. grazing pressure, soll moisture end exposure
(ZE."i;c:I-.-'Eillan, 19593 Gooper, 195, 1959). in seversl regions the hiph proportion
of early flowering plants may, however, be sssociated with the recurrence
o’ an cnnual period of moisture siress c.g. in Weiketo - Bay of Flenty,
Gisborne, Helson and Christchurch. Although cerinin sress umey be ropoerded
as drier ec.g, Hewke's Hoy ond South Centerbury, reinfell is more sdeguete
Por prowth ¢t 2 leter period in the suring snd swmser,

The proportion of first yvesry flowerdns plants in esch lins included
in the collection vas recomried by Sehwoss ('1951:,.). A5 An the Huropesh
Yorkshire fog types cieninc. by Pocher ond Lersen {1958 there wes strong

1

popitive corrcletion with the wesn tomperdture of the coldest month. The

Julyl isotherms of SUDF snd i_Lfio}.* are shown in PMloure Le, Cooper (195?} hos
speciiied the wesn midw-wiinter taiperaiure of 50°1 as on approxitete threshold
for vernalization rcsponse, 1t is, thereforce, interesting fo note thet the
hi:hest proportion of first-year flowering plants wes recorded in the two
lines collected et Dergaville, north of this isotherm, The proportion

praduslly decreascs o the south end eest, only one plant Ilowering in a1l

the lines Tror: Dmedin and Sowtilend,

1ittle information is ovailsble es to the relative vigour of roprowth
in plents from ench rejdon, Yhere wes o bendency however Cor difieront
scusonel prowuth patterns,; dencending on the length of the sctive srowing
period in the district of origin, dZouth Isiand plants showed lower visour
over rost of the yesr, particilerly in the winter ég—;m’:‘. sainge The only
occasion on which they recovered from grazing morce guickly theuo the dorth
Islend materiel was slmost concurrent vith the period of flowering {Basnyat,

100. Citn ).

Tie prevelence of mortality in the 'ecotypes derived from arcble cress
of Bouth Islend suggosts thal there is o tendency for plants to he ol @#n
ammnl or peuclennicl type, with & high orosortion oi’ Clowering tillers in
relation to vesctevive tillers, Iust infection obscrvetvions rcileet & lsck

of vigour in these plunts following flovwering, Aithoush rust res stonce

varies preoily even within lines the frequency of low Infection is greatest



in plaats from tho welter vestern repglons of lortn Lslend,

In searching for e mucleus of briceding meleriel with o high potentiel
volue for use in the hills ol Horth Islend it is apparent from the shove
information that the most useful genetic pool willi be found anmong the loonl
ccotype populations of valikato, Terenaki; V“Wengenul cnd iisnavwatu, In reality
this hes cctuplly %eken plece, for sltiough seleetion ot nsssey College hns
been on & phenotyvic enalysis off cach snzced plent, the {insl isolations

are ell derived Tron thase arens,

ifter the Tirst cycle of selection, 118 plonts were selected from the
initial ecllection of 1,214 plonts, These represent 116 lines collected
Lrom 21l over ilew Fenlsnd #nd 35 fror the liossey Colloge eren. OF these 118
plents, only & cemc from South Islond snd none from the ¥rst Covst of MNorth
islsnd, In 1958, 352 plants were selected for prozeny tosting by the polycross
nethod; 211 were derdived Crom weshern Nosrth 1slend.

Although selection within the western region is sdviseble i'roi the
point of view of genersl sdeptation slonc, the grestest voristion in plentd
choroeteristicn is slso obscrved In bivig aies, The erxtent of verlation is
rcleted to the intensity of seleetion by dhe enviromuent (Ldiillen, 1959 j;
it is lowest in the dry uplond reglons of South Islend ond highest in the

diverse habitats end more cqueble climetic conditlons f'ound in the rorth

Islund,

Sonclusion,

Preliminery ciewinetion of Yorkshire fog populations in iew Zealsnd
indicstes considerable sdaptive variation both befween and snithin individuel
lincs,. The most suiteble material for inclusion in % ¢ develowwent of a
veriety for hill arees is feund in western Sortn Islsnd, In this region
whjor differeuces are observed within the individuel plants from & populstion

"

rather then between populaiionsg,

Differcnces in rust susceptibility, vigour, growtl fomn, exteant of
tlovering and pelatability indicste considereble potentisl rusponse o

secondary selcction,

np
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SR IR,

WIGe DELLCETON OF T iclT HATSRIAL 100 4 SYWTIECLC
VoRIETY OF YORESTINE 304G,

liesagy Collese felection Dyosremme = 195501,

The

Fhe selection procecurcs discussed 'n this scetion were carried out
during 4959 and 1960, They fomn the final stoge of ¢ couplete orosraume
brieily considered in prewvious seciions, Dagicslly, tids closely follovs
the standend method for the development of & syntebtic variely using &
sulycross progaly best (Schuoepaon, 1052}, Four wedn gtoges heve heen

5

lninlved,

1o Collection of o wide rsiwe oi' adepted meterial = 195566,

One hundred end fifty-one seed spmuples were recelved, ;5 from the
vicinity of iassey Collepe and 118 from other parts of Hew Yes: snd, Tueatyw
nine apeced single plants derdved fro.. esch sennle wore cxamined under

aursery conditions at the Sollivpge during the nerdod fron Septesbher, 18H4 to

o

Septaiber, 1956 (Tesnyst, 1957).

J. Ixmpinetion off clonsl lines - 4195058,

Jne hundred end elghteen plents vere pelected from the nursery on o
phenchype boasis and propapgated clonally do form rows of 16 single plentse
Overall observatlons were made on vigour, the extent of' flowering, growth

foma, rust inecidence ond peletsbiliby (Jeeriues snd Schwess, 1959).

3e Bulegtion of perental meterinl Tor orogeny testing - 1958-59,

In fipril 1958, 32 plants were sclected Tor gene lc study by mesns of
progeny tusting. The pleats were grouped into two {;c;.;tcgorics wnd separatbe
polycxoss isolatiosn aress wero cstueblished, one comprising 20 progirate
snd seml~prostrate types and the other the remmining erect and semi-crect

types. Beed vos hervested from these arcas in Jeswaery, 1259,

¥

i, Progeny testing snd the formetvion of » synthctic veriety - 1559=01.

The progeny ol the 32 poiential perent plents vere cxsiined at two
main centres, on lozu ot Massey College snd on peat lend at Rukubia 5oil
a

Resesrch Station, lemllton, The informailon reported ere deals wilh the

testing of this moterizl under speced plent, row snd swerd conditions 2
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the College, leading to the final selection of eight superior plants for
combination in & synthetic veriety, Deta from Rukuhia (van der Elst and

' Corby, 1960) vas used to determine the potential renge of adaptebility of
all parent plants,

Review of literature,

Although it is possible to achieve considerable progress in the
improvement of a pasture species in the early stages through simple mass
selection on phenotype alone, further advance nece-sitéteu greater knowledge
of the genotypic structure of potential parent material, This is effected
through progeny testing and the study of the combining ability of individual
plents,

In outbreeding grass species such as Yorkshire fog the most valuable
assessment is that of general combining ability, the relative performance
of each plant when crossed with a broad base of heterozygous genetic
materiel (Sprague and Tatum, 1942; Johnson, 1952; Breese, 1960). Selection
on this basis, rather than that of the specific combining ability with
individual plents, makes it possible to meaintein the high performence of
the synthetic variety through the various stages of seed multiplication,
(Kalton and Leffel, 1955; Tofrie, 1957).

Of all the methods of crossing prior to maternal line selection, the
polycross system has cvoked most interest in recent years, Frandsen (1940)
and Tysdel et al (1942) were the first to suggest replicated and rendomized
plantings of olonal material in a menner which would ellow the collection
and bulk mixing of seed from each propagule for progeny teiting.

The theoretical basis of the polycross test is discussed by Wellensiek
(1952). In testing for general combining ability, the selection of plants
is towards those which are approaching homozygosity for the desired
cheracteristics and will give a high degree of true breeding in mixtures of
their genotypes, Selection, is, therefore, based on the highest relative
frequency of the desirable feature in the progeny.

Following the progeny test, the decision on the number of parental
lines to be incorporated in the synthetic variety is dependent on two factors,



the mlative lossos from inbreeding depression cnd fren the lowering of the
sversce comblaing ebility (f}orkill, 1956}, In perenniel ryegross Corkill
{inc, cit,) found that t}mrﬂ wos ne sipgnificent difference in the yield of
Tie 8yMe 2 gencration once the number of plaants incorporeted rose 0 six,
The opltiwum number, hovever, is likely te wvary with the species eand perent

weterial used (Beddows, 1958, 1960).

Gensiic drift 1o synihetic wwrdctles ds genoarlly soimowledsed (Gomme ol

1840;: Berrd aud oilowell, 1952) 3 ot ds ualilkely o heeome serious unless

Lurme masher of mad cberas ane dnvolkved o vheve the verdeby

L

1z inberently wsteble throush the uwss of psvental Llnes difffuring

videly in heoading dates,

Although the scelection of plant meterial should ides1ly ba cerslied cut
in the sward undey Ghie influcnce of the grozins anlmel, the llsited smount
o secd svallsble ot thls dintreebrocding stintec necessiltates tho wse ol

e speced Slanta, he relicbilicy of csscsenments boased on those plents

in manee is o wmojor tepic of diacussion in pasturc

whant breeding, Seversl investigntora have coumpored the results cobteined

.

undex spaced plant, row oid bivadeest swrd condibiong (lnzethy, 957).
Bpoced plent nurseriea give o sabtlisffectory comparison wien tne characters

show high heritebility c.sze dote of Infloresconce suergence, resistance to

.

disensy snd leaf-shem retio, Contrasting rosults can he obialined hovever,
where compebdition effects the cxypression of the chamncter nnd where a factor
Tinwiting growth is not of ecual Importsnee in swards and spoced lanis c.ge

drought {inight, 1960). ‘ o

Until reconsly, the dmportence off gonotyvescavivonment indercetion has
hoen largely neslected dn plant breeding (Hejer, 19%55). in Hew Zealsnd

teating has been carvied out in hish fertility enviromacnts, with the

s

sgumption thoet the auperior plents selected under these conditicns would

5

olso be the wosi productive in more merzinel ervses {(Levy, 1955,

selestdng for these marsinal areas, howsver, norc enphosis must be placed

on adoptability to o wide menge off fertility lewvels (Frankel, 1958),
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Experimental Area, Iayout end Establishment.
(i) Experimental erea and layout.
Three sites were selected for the progeny testing of polycross material,

Two areas were established by the New Zealand Department of Agriculture on
newly developed peat at Lake Cameron and Moanatuatua, near the Rukuhia
Soil Research Station, Hemilton (pH 5.3 and pH 4.4 respectively), Results
obtained from these areas were used to substantiate the findings made at
the main centre at Massey College (ven der Elst and Corby, 1960).

This latter centre was established on Block Four of the Field of
Husbandry Department Demonstration Ares on m%‘%m soil (New Zealand
Soil Bureau, 1954; Pollok, 1960), The soil was formed from deposition on
an intermediate river terrace and was comprised of a thin layer of fairly
heavy silt loam overlying a clay loeam subsoil and gravel, Before liming

the area had a pH value of 5.4 = 5.7 (Jacks, 1959).

During the preceding year the block, which is 0,75 scres in extent,
was sown in two drill widths of verious cereal end legume crops, Because of
the likelihood of nutritional differences in the soil, therefore, the
progeny test was laid down in a rendomized block layout, the replicates
conforming as much as possible to the orientation of the previous strips.

Figures availeble from spaced plant studies of Yorkshire fog suggested
that the coefficient of veriation of such material would be of the order of
10 per cent, By using five replications, therefore, it was possible to
detect differences of 14 per cent and above by statistical analysis

(Cochrene and Cox, 1957). -

In the speced plent study, each replicate (Blocks I, II, III, IV, V;
Figure 5) was composed of 320 plants, spaced at 30 in, x 30 in, interwvals,
i,e, 10 plants of each of the 32 progenies, The parental clones were planted
nearby in a similar position but without replicetion,

In an adjacent strip, duplicate rendomized rows of the progeny, each
12 f't, in length with 30 in, intervals between, were established, and
unreplicate sward plots (10 ft, x 3 £t,) were sown to check on the
performance of the lines in conjunction with clover,
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(1i) ZetaDblishoent and roubine cooe.

Sffer the cemoval of the previous crep resldues, the aree was rotery
cultiwied, herroweld and lowvelled to :rovide » Pl plenting nediuvm, “he
scedling plents were reisced in hoxes in o greenhouse snd freneplonted
into their finsl positlons be ween the 17th cud 19th June, 1959. Geaersl

goil molsture conditions were edequete, the growth of the seedlings showed

1igtle check znd few reploacements were hucded,

The rew trical wus planted durdag the lest tve sedks of fuoust, 19592,
coedhinns heoing trenesplonted ot 4 odneh Intervels o form povs 12 4, long.
Yhe westher efter plonting wes very dyy and irxriastion wieg reouived, The
wrosdesst plofhs vwere sovn on to o rollcer-drilled surface on
1059, the sced rate used being 10 b, per wore of each Yorkshire fog line

plus 2 1b, of vwhite clover,

The viwle of Hlock Four was given sn souplicafion of 1 ton of ground
linessone por sere hefors cultivetion @nd s topdressing of 2 owh, of super-

phosplzte and 1 owb. ndbtvoline per sove was given 4o The spoced plonts,

Yows and plois, Tollovinpg trenspisnting end soving.

Hgeouse of ¢ severe infesietion of twineress {Coronopusedidynisj,

dock (Rumex obtusifolium), bleck nightshede (Selamum nimram}, and anmacl

ou ) » proelindnary weed control wes onrvied cul hy hond,

eacosw firasn ST
Cn ell subsequent oeccevlions, howevery o 20 in, rohary hoe wes used in

ergdicoting wecd prowti,

Following the irst serdes of coservations on whe Z5th depienber, 1959
the spaced plents were trirmed with hend shesrs, Méer lovering, the srea
was cutl with ¢ tractor mowery theresiter £11 defolistion ves crrried out

by the grazing sheep, o trimming wes necessary on e rov sres &5 11 the

herbage wos harvested durdng sompling,

hecording ond Sanpling Srocedurcs,

Ao Spaced nlonis,

On the single pleont aren veguler recordings were nede of the Tollowing

(1) vigour snd vecovery after prazing,
{i1) the ewtent snd time of hesding, end

(1ii) infection from rust (Puccinia coronets ).
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vedne for coeh porentel Line dn the five replicetes, The scele cdopted
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termined on on individucl plent bosls, siving @ i

sensed fron O=10 ond was cclsted to the leel | sferizl produced sincs the
provious grazingg, ¢ beins bhe lo-er Lindt of mowlh,
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Ubeermwtions were mede on the following ocensiong durdiy deplanbor,

= fyusd, 196C:
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t Jemusry 2Gth Ly

5
th Pebruary 26th surust,
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(i1} The estent snd time of hepding, It wrs oripginelly mionded o

record the cotusl dete on widch esch soseed plent coumchiced o heed L,
wieh the third indloresconce cucrped from its shonth (Deduows, 94k je “his

nroved o be

bozed on the mroporitdon of leads loverding on thrue cocesions, wes used in
o nlece, /N onssessnent of the exbont of Tlovering wes depived rum the
nunber of fHowering $illers o cnch Dlend ot thoe duoo detoss

23rA Nowenbor 2ned Lecoiber th Fetrunry,
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L} The dneld once of te  Following the temvnation of {lowering

0

ond dne arrvivel of molst conditicons nrfoy o exirencly dry swler there wes

-

aonoticcoble dncerecse in tho Incidence of grown rust losiong on e spoeed
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subsequently determined by drying sub-samples for 12 hours in an electrie
oven maintained at a temperature of 100%c.

Dates of yield determinations on rows.
8th December. 25th February

12th January 20th April,
(ii) Flowering end growth hebit. To sugment the information obtained

from the single plant area, observations were made on the growth form of
each row at the early heading stage, on 7th December, 1959, The cetegories
adopted are described by Basnyat (1957) and ares

erect; semieerect; semi-prostrate; prostrate.
On the same date a count was made of the number of inflorescences in each
row of replicate I in order to give an estimate of the poscible extent of
heading in the sward,

C. Progeny swards,
Because of the lack of replication and the uneven nature of irrigation

during the dry summer period no observations were made on the sward plots
during 1959 and 1960,

Experimentel Results.

In the finsl selection of parent material particular attention was paid
to three aspects of growth in progeny:

(i) vigour, i.e. the maintenance of leaf production throughout the
year without sny serious decline either in the summer months following

flowering or during the winter,

(i1) a_low proportion of flowering tillers, leading to the maintenance
of palatability and nutritive value during the heading period; and

(iii) vesistance to severe infection by crown rust.

In presenting the results the lines will be referred to on the basis
of the code system first allocated when the parent meterial was examined
in clonal form following the initial selection, The code numbers given to
the 32 lines are as follows: further details of the origin are recorded

mAppend.ix 1.
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Code Numbers of the 32 Parent FPlants,. -

Prostrate Group.

1=1 1=l 211 2-16
2=29 3=5 39 =12
315 b=t b=k b7
4-18 5-8 59 12
515 6-3 65 6-15

Erect Group,

1=19 1-22 2«6 2-19
2-22 3-13 322 L=3
L=16  [=22 52 5-11

Although provision was made for the statistical treatment of results
by en analysis of variance and the application of multiple range test
(Duncen, 1955), the relative ranking of each line at the time of each
observation was regarded as the most importent criterion in selection
(Finney, 1956).

Vigour,
A summayy of the vigour rankings of the 32 lines is given in Table II
while the actual scores used in classification can be found in Appeniix I,

The progeny of each parental line was more verisble with regard to
vigour and recovery af'ter grazing than in any other feature. As a consequence,
differences between lines were more diffiicult to esteblish than was the
case with the parental clones, Very few progenies retained a high ranking
throughout the whole seeason, vigour being subject to the varied
influences of climatic end soil conditions, flowering and disease,

Spring end early summer, During the spring early summer, vigour

recordings were made on the Massey College spaced plent material on only
one occasion, in late September, Additional information was, however,

available from Rukuhia regarding growth in late October and early Decenber,

In the period immediately following' transplanting, considereble
uniformity was noted within each progeny line, with a tendency to reflect
the main meternal characteristics, Following the first defoliation, however,
the intra-progeny vaeriation became more evident, yet despite this feature
there was a noteworthy renge in the mean wvalues accorded to each progeny,.
Certain lines were prominent in the level of their performence sbove and
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below the overall meen. Few minor discrepancies ocowrred between the
renkings at the Massey College and Rukuhia centres but in general performance
was similar,

The following lines were outstending in their production capacity
in the spring and early summer of the first harvest year:

52 333 51
118 26 4=16
66 3-13 b=

Of these nine lines, the light coloured erect line 5~2 was perhaps the
best individual producer, performing well at both main centres.

Summer, In the posteheading period the spaced plants were subjected to
very dry conditions, According to meteorclogical date collected at Grasslands
Division, Palmerston North (1 mile from Massey College), the year 1959~1960
was very abnormal as regerds reinfall, only 29.47 in, falling between
Septenber 1959 and August 1960 inclusive (Appendix III), This was 9,83 in,
below the mean for the years 192841956 and 0,77 in., below the previous
lowest recorded year, 1924,

Under the spaced plant conditions growth was less restricted than in
the rows and swards and observations were made on the regrowth following
grazing at Massey College, The exhaustive influence of flowering severely
affected some of the lines which were previously high yielding e.ge 4=~16
and 3-22 while others such es 6-3, 4~18, 4~1, 2«6 and 3~13 retained their
positions,

When more moist conditions appeared in February and March, several
lines were severely infected by rust. This wes probsbly a reflection of low

vigour rether than the reverse effect,
Based on cobservations made in February end March, nine lines appeared to

be capable of high production in the late summer,

6w3 1=l L=3
=5 5=15 4-18

Autumn end winter. By May, 1960, the mean monthly 4 in, soil temperature
had fallen %o 5o.5°r and there was a considersble reduction in the rate of
growth, Thus the maximum progeny mean score was 4,98 on the 29th May
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compared with 8,12 on 6th Februery, A second recording was made at Massey
on 27th August, and relates to growth during the two coldest months in the

year,

There was little change in the ranking of the lines between the two
periods and eleven progenies showed a strong potential for winter production.
1-1 H=12 1=19 4=3

L1 5-15 2«6 5=2
4=18 63 3=13

W De tions,

Because of the limited replication used in the row trial and the
disturbing influence of uneven irrigation during the dry period, it was
necessary to exercise considereble caution in the interpretation of yield
data obtained, In general, therefore, evidence from this trial was merely
used to substantiate the findings under speced conditions, |

Following f'our yield determinations between November, 1959 and April,
1960 the total production for.eaah line was caloulated, giving the relative
ratings shown in Table II, In most cases these ratings reflected performence
under speced plant conditions, Where there was strong contrest, as in lines
1=k, there was a likelihood of uneven irrigation leading to a considersble
difference in the yields of the two replicate rows,

It is interesting to note, however, that the poorest yielding rows 5-11,
2-16, 3-12, 1-22 and 2-19 were amongst the poorest es spaced plants,

MMQ
Although flowering was observed in the original collection from the

-
Lth October to the end of December (Basnyat, 1957) the influence of
sélection considerably narrowed the renge of heading dates in the parental
msterial under examination,

Three major observations were made on the flowering behaviour of the
progeny lines under spaced plant conditions., On 23rd November few plants
had commenced emergence, only 23 out of the overall total of 1600, Fourteen
of these plants came from line 2-6 and 4 from line 4-7, In the case of
emergence, there was much less intree~line variation than had been in regarxd

to vigour,
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By 2nd December, 58 plants were heading, On this date 4O of the 50
plents in line 2«6 were heading profusely whereas in lines 5-15 and 221
no plants had reached the emergence stage.,

After this recording, almost all the speced plants ceme into head and
the wole area was mown and grezed, Observations on the extent of heading
in the aftermath growth were made on 7th February, 1960, Sixty-five of the
plants in the area bore more then 20 inﬂoremnoea. In general, only one
or two of these plants mmmhdmgmwindivimwmhpmw
but in the instence of lines 4-16 (9 plants); 6«15 (9 plants), 216
(7 plants) end 4~18 (6 plants) they were more frequent,

From these observations it was possible to differentiate the progenies
into early and late flowering lines i,e, lines where the bulk of flowering
came before or after the recording mede on 10th December, The extent of
head formation was assessed by counting the number of inflorescences in the
spaced plants and in the 10 ft, sample strip of each progeny row,

Details of the relative ratings of each line are incorporated in
Table III, The thirty-two progenies fall into four major categories,
namely:-

(i) early flowering, profuse heading,

(ii) early flowering restricted heading,
(iii) late flowering, restricted heading, and
(iv) late flowering, profuse heading,

The two major categories were (i) end (iii), which indicated a general
correlation between earliness and the extent of heading. All parent plants
from the erect polycross block had a preaminantl}.emt or semi-erect
progeny, which in most cases was early and profusely flowering, Of the
rrogenies derived from the prostrate polycross area only line 4-1 was not
semiwerect or semi-prostrate and most pl.anta showed late flowering, with

the formation of a limited number of heads,

Classification of Flowering Charecteristics.

i. early flowering - profuse heading
119 1«22 2«22 3«33 U1 W7 L4~22 52 5+11.
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ii, early flowering - restricted heading.

1=k 2«6 2«11 5=8 5«9
iii, late flowering - restricted heading.
1=1 216 2+19 2-21 3-5 3«12 3-13
315 bmb 512 515 63 65
iv, late flowering - profuse heading,
3«9 4=3 416 L4=18 6-15

This grouping is almost exactly compareable with ﬁt which would be
given on the basis of records made on the parent material during the years
19561958 (Jaoques and Schwass, 1959), Aspects of flowering behaviour show
high heritability end respond repidly to selection (Cooper, 1959).

&t Infec ®
As in the case of heading, there was a strong correlation between the

parental material and their progeny in their susceptibility to crown rust,
In general the situation was one of increasing infection from the beginning
of February until late May,

On the 7th February, 1960, observations were made on the incidence of
lesions on each individual plant at Massey College, Approximately 50 per
cent of all plants showed some symptoms of infection, the mesan overall
score being 0,91, on 0-5 basis. There was considerable variation both within
and between lines, however, the extreme progeny means varying from 0.2k to
14,60,

By the 23rd March, more humid conditions following the dry summer led
to 2 further increase in the spread of infection, particularly in replicates:
I and II, At the seme time, the mean score per plant over the whole area
rose to 1.41, with extreme progeny mesns ranging from 0,66 to 2,26,

A final record was taken on 30th May when all plants in the area were
showing the presence of lesions, The mean infection score was 2,36 end the
extreme means were 2,02 and 2,84,

Statistical analysis of the results by means of Duncan's range test
shows that the differences between progenies were significant on each
occasion, Separation of the treatment means was greater then in the case of
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vigour, %

The individu.l placing at successive observations remained relatively
constant and classifigation proved t be simple procedure (Appendix I).

Lines showing high resistance to crown rust.

11 2«21 3-15  5-2
= 35 4=3 5-8
1=19  3=127  4=7 Seld
2«11 3«13  4=16 65

=22 2822 Lyssly. 5=12
2«6 39 418 5415
2«16 S22 Lw22 6-3
2419 Led 59 6-15.

There was no apparent association between rust incidence and the growth
form, time of flowering or extent of flowering, Neither was there evidence
of superior rust resistance in parental material derived from particular
regions of western North Islend, Certain lines originated from the seme
original seed semple e.ge 1-1, 1=22, 315, 4=3 and L~i and yet show
different susceptibility,.

Growth form,

Growth form was recorded at the initiel heading stage on the spaced
plents et Rukuhia and the progeny rowe at Massey College, The rating awarded
wes in nearly every case identical with that used in dividing ‘the parent
material into the polycross blocks, All .progenies of the erect group were
erect or semi-erect, and all progenies of the propérate group were semi-
erect or semi-prostrate, except for line 4«1 which was wrongly placed in the
initial grouping (Jacques and Schwass, 1959). |

The Selection of Perent Materisl for the Synthetic Variety.

In msking the final decision as to which lines would be included in the
synthetic variety bred for the wetter hill areas of North Island, wﬁstant
reference wes made to several important fectors, It has been stressed
earlier in this discussion, that, above all, a veriety of this natm must

have adaptebility to a wide range of climate, edaphic and biotic conditions,
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At this preliminary stage, it was only feasible to test all the lines
as spaced plants at three centres, at Massey College and on the two peat

areas at Rukuhia, Selection wes dependent on satisfactory reting on each area,

The second important factor in selection was that of general growth
cycle, the maintensnce of production during the eritical periods of winter,
early spring and the dry conditions which often prevail during the summer

months,

When séveral potential parents had been selected on this basis, attention
was then directed to the exauination of plant charecteristics which, it was
thought, would influence the conversion of the herbage by the grazing animal,
Earlier studies in the Yorkshire fog collection (Jacques and Schwass , 1959)
Basmyat, 1357) had revealed a relationship between low palatability and

i. prolific heading during the flowering period,
ii, the presence of rust lesions, and
iii, a prostrate habit of growth,

Thus despite overall changes in palatability essocieted with the stage
of growth it was concluded that certain plants had‘ & higher inherent value
than others in this respect. Ten lines locked perticularly promising from
all or some of these aspects and were retained for final consideratisn.‘

Lines with e High Potential as Parent Plants,

11 2«11 3-13  4e=h  5=2
1=b  3=5 b=3 4=18 63

In the formation of synthetic varieties it is essential to maintain a
uniformity of heading time within the parentel material, thw_i preventing

the possibility of considerable genetic drif't dm:;g seed multiplication,
Most of these ten lines were late flowering but there were four which showed

a tendency towards earlier flowering, nemely 1=4, 2+11, 4~7 and 5-2,

When the first synthetic was compoynded in 1960 eight lines were

incorporated,
Selected Parents for the 1960 Synthetic Variety.

] et 2«41 313 L7
1=l 35 4=3 525

While this selection conteins & high level of adaptebility the variation in
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heeding performance and growth form may prove to be-a hazard in seed
multiplication, It is proposed therefore that two further varieties should
be formed and subjected to full agronomic testing,

The more importent variety, composed of late flowering plents with a
semi-erect or semi~prosprate habit of growth, would incorporate the
following lines,

ZFroposed Lete-Flowering Variety.

11 313  4=18
3=5  U=3 6=3

The second variety would include earlier flowering, more erect lines with a

]

high performance,

Proposed Early-Flowering Variety.
=y L7
2«11 G,

Proposals for Further Evaluation.

The ultimate criterion of the value of any variety of pasture grass cen
only be determined under actual farming conditions. The most pressing
requirement in the Yorkshire fog breeding programme will be for more adequate
information on the animel utilization of the improved material in comparisen
with that of the South Island commercial lines obtained from cocksfoot and

ryegrass seed cleanings,

Although selection has been based on spaced plant date information has
been received from Rukuhia on the sward performance of six of the polycross
progenies with white clover as a companion species (van der Elst and Corby,
1960), The seasonal yields end total production o'-f.thau lines, 1-19, 2-6,
2«11, 2=22, 3-13 and 5-11 shows generel agreement with their performence as
speced plants at Muuy College and Rukuhia, Over the period 27th April, 1959
to 7th June, 1960, the yields obtained from the mowing trials at Lake Cemeron
ranged from 6262 1b, dry matter per scre in progeny 1-19 to 7370 1b, in

progeny 5=11,

Line 511 wes not included in the final selection because of its low
production in the winter months, Lines 3-13 and 2-11, however, were the next
highest yielding and gave & winter growth closely following that of perennial(
ryegrass, Both these parents were included in the proposed new verieties,
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SECTION FIVE,

~

THE AGRONOMIC POTENTIAL OF THE SYNTHETIC VARIETY,

In recent years, one of the most controversial topics of agriculturel
science has been that centred on the methods to be adopted in the testing
of a grass or legume variety. The final criterion of success in a breeding
programme is undoubtedly that of animal production and the ultimate aim
must always be that of a full scale grezing trial before the release of the
material to the hill fermer,

At the intra-breeding level, however, the quantity of seed available
will not allow tests of this nature and recourse must be made to small plot
trials incorporating systems of simulated grazing,

In this section it is proposed to discuss a pmlim:\.nuy pasture
comparison between selected Yorkshire fog material, a typical commercial
line and five other species,

It was decided to meke the comparison under conditions appropriate to
the environment in which the Yorkshire fog would be used, namely those of
moderate fertility and stocking intensity, The conditions were simulated
through three techniques, the use of limited fertilizers during the estab-
lisihment period, mowing to a pattern similar to rotationel sheep greazing
and the retumm of nutrients to the individual swards in relation to the
amount of dry matter produced in the preceding period (McNeur, 1953).
Pertilizer return on the more normal uniform basis would have given a
material advantage to those species which required high levels of fertility
to give optimum production, .-

Review of Literature.

In a previous section, a certain amount of emphasis has been placed
on the broad ecological tolerance of Yorkshire fog. Tclerance of the range
of climatic conditions in westermn North Islend results in the meintensnce
of relatively uniform production throughout most of the year (levy, 19553
ILynch, 1949; Suckling, 1960). Yorkshire fog is importent in meny areas
through its contribution to pasture production in the critical winter and

early spring months (Basnyat, 1957).
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In a grazing trial carried out at Grasslend Diwision (Goodall, 1943)
the production of a Yorkshire fogewhite clover sward wes compared with that
of several other importent species under systems of full grezing utilization
and more lenient defoliation, The performence of Yorkshire fog, a normel
commercial ling was greatest under the latter method of grazing, snd in meny
aspects resembled the overall production of cocksfoot, When yield was
celoulated in terms of grazing-deys the Yorkshive fog mainteined its
relative position despite the fact that it has a lower relative palatability
than perennial ryegress, cocksfoot and tingoﬂ\v.

The total annual production of the fog ~ white clover pasture was
approximately 16,500 1b, d.,m, per acre compared with 17,900 1b, from
perennial ryegrasse-white clover, Under full utilization the production of
the two swards was reduced to 14,200 1b, and 15,700 1b, respectively.

In the more leniently grazed area, Yorkshire fog produced approximetely
4,700 1b, dem, during the critical winter months of Mey, June, July end
August, 25 per cent more than the peremnial ryegrass, This winter growth
attribute of the Yorkshire fog mekes it extremely important under conditions

Qv *UMV\

of the ausn sawing of pastures (McMeekan, 1960).

n

Growth studies cerried out by Watkin (1960) at the Lincoln substation
of Grasslend Division show thet this gress is also more tolerant of high
sumer temperatures end soil moisture stress then the currently aveilable
varieties of shorterotation and perennial ryegrass, This situstion was shown
both in replicated spaced plants and in swards subjected to rotational
grazing, During the winter months, preirie grass smd tall fescue were
undoubtedly the outstanding species but, on the other hand, Yorkshire fog
produced es much as short rotetion ryegrass and considersbly outyielded such
highly regerded species as cocksfoot and perennial ryegrass,

A1l these studies have been carried out under lowground conditions and
there is a consideresble lack of information on the relative performance of
a wide renge of species in the hill areas of New Zealand, especially under
the existing menagement systems, fecent investigations under high fertility
conditions have been carried out with 27 pasture species on high reinfell
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hill country of Te fwe {Suckling, 1960} to investigete the maximue climniic
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The pattern of seasonal growih wrlcs consldershiy between the aiiferent
species and was very simller te thot noted in the experiments in t ¢ lovlands
of dorth Islend (Iynch, 1949). Cocksicot end tirowntop vwerc notable for thelr
autumn produetion, ylelding 24 end 29 per cont of thelr sunusl yield
respectively during Herch, April snd lioye Yorkshire fop renched ita pesk of

production in the istter prrt of the sowing (October cnd Hoverber) but of
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the save time mainteined e certain consistency of yield throughout the year,
producing 81 per cent of the growth cbtained from peremnial ryegrass in the
winter,

The Yorkshire fog used in these trials wes again derived from South
Islend commercial material, Berly studies at the Plant Research Station
(Levy end Devies, 1930) noted that ryegrass plants from this region were
lagking in persistency and showed a tendency to'm]y and i)mlifio fimring.
In these false perennisl types the vegetative tillers died off in the autumn
at the same time as their flowering counterparts whereas, in later and less
profusely flowering plants, non~-flowering tillers remained alive into the
winter and spring (Soper, 1958; Lucanus et al, 1960), One of the major side
effects of flowering is that noted on the root system of the plant, In
heevily flowering plants, there is considerable sloughing of the cortical
tissue and consequently the efficiency of upteke of water and nutrients is
restricted, This is extremely importent in governing plant survival during
& dry summer period,

The deily rate of pasture growth is affected by fluctuation in both
temperature and light regimes as well as by the frequency of dcfoihtian
(Brougham, 1959), The average diurnal increment obtained from a short-rotation
ryegrass-white clover pasture ranged from 10 1b, d.m, per acre in mid-winter
to 12 1b. per acre in early summer in sward growth studies at Palmerston
North,

Experimental Ares, lLayouk and Esteblishment.
The study of the agronomic potential of the sglected Yorkshire fog

material was cerried out at l(aln:( College on en eree afd.joinfmg the progeny
trial, A bred Yorkshire fog veriety was produced by comphunding the seed
remaining from the polycross blocks after the requirements of the progeny
trials had been met, The major oohtributing lines weres-

-1 2-26  3=5 343  5-8
1«19 2419 Ded b3 11 6«15
2-11  2-21 3=12 5=2 515

The production characteristics of the variety were compared with those of a
typical commercisl line from South Island and five other species, the main
Gresslend bred materials and the winter-growing prairie gress (Bromus
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ERT N b ke ppmtire ende edlaen 4 ™ e a2 P I B
cathartl c‘u“\ Zach gimss vas zowa ot the recoacendsd seoeding roie for the

specles in conjunction with 2 I, whitec clovan por ucre.

Table IVl Goeding Hates dn Clviiy Drdied,

Fingl 1630 Beed
Specica and Source, Germinntion, LBelipht, Seed Hato,

per cont, M per oore, per ploi,.
1, fiile
red Yorkshire fopgw-
Lassey College a3 502 10 160

Commercial Yoriraldrs fop-
Asshburton 72 244, 10 26,0

0t 36 86 1807 20 52,0

3hort rotation rycgrass-
fresslonds Of 121 53 49k, 20 51,9

Cackafoot-
Greswlands Be Th7 76 765 15 27 o'l

Hiy - 23 340 79 =505 10 17 els
Prsirie gross - Commercolnl 95 11490 a0 B3

thite Clover - fo 143 o, 639 2 249

The e:pericend was lolid down in o yendomized bleock desisn using fouy
3 x T I TR Rt . T . £ . . ot .
renlicoticns, Jach individoel »lotv bad diwensions of 20 4. x & fte; the

slege belng deternined by whe svaellesbility of sced and the idth of ocutb o¥

)

tiwe wmoltor wovwer uged in saapling snd trluaing the sree. A puerd cren

oy .
composed of o connercisl] Yorkshire oy sad vhite clover sward vwoo wointalined

around the perincier of each block,

The plets verce sows on 1itn Cotober 1959, fellowing preliminary rotery

C.;J

culi{ivetion and levelling. an initicl dressing of 3 cwl. serpuntine super

phospRete per acre was applied by roller drdll then the seed vas broadeast

on the surface oproduced by this coperstion and co qerod by o Light hereowinge

The enmerpence of seedlings wes relatively wilform within the replicstes

of’ enc” species., Kepin fell 2 deys alter sowing cnd by 27th Deteber scedlings
of phort rotation ryeprass, porennisl TYeLTass ol brod Yorkshise Top wors

clearly visible. Clover growbiy on the other Lhandg was nelb evident untll a
much later date,
Pollowing emergencs, She sres wes coneolideted with o flat roller, Tood

competition proved to bhe serious opd it wes uccossary to apnly Ceob Cwila



L0y
nitrolime per cere to stimilate grass snd clover growth. A11 subseguentd
Tertilizer dressings, hovever, werc piven en the hosis of' the dry motter
produced in the Hrevious growbh pericd.
Peoevec of the evcessive drousht Suring the surner the aves wos

ox ¢ siort neriod during Jenusey 1960,

Senpling: Rogessos,

o estimste production, cuts vwere talen by using o 20 in, recl lewie
master motor mover on wiieh the front roller had bean renluced Dy & pepir off

whiccls, allowing

sajustiont 0 di ferent oubting beights (e Ve Cross)e

wiing of 1l ploty twok nloce whien o yicld of eporoxinsitcly 1000 Db delie

per Loie Bad boen sbtiained by the moot

Lnvelved moving the hevbope from L-0 i, 40 & stonderd neignt of 4 in,

Ater removing o mower width of burbage from esch end of the plot, tmo

20 in, stuoips, anch 16 D5, 5 in, dong (0,456 of the toinl sres of esch wloy)

wera horvested and thelr proen welizht determined fo the nesrest Q.1 1b, on o

bripod-nounted soring belence.

& 500 e, smanle of this

won retnined Yor Jurther sarlyosizge

5

Pram this, duplicste subeseuples of o

s =dintedy 100 pm. cach were dried in

v AnPa o . . L
o Yileo! eleotric-nvan ot 10070 for 12 hours, o cstiumabe the percentage

Gxy matier of the moterial harvested from eoch plot. & Puriher subssiple wms
sed for botenics]l disscotlon into grass, clover and wecd Trociions.

ot

ilervoge ledd standiag in the figld v

vemoved dnmedistely by mowing

bo the stonderd heighvt,
-l.'b
Dcing the nerlod undesr congdderation totcl of nine hoyvests vi0
16th fecoiber dth Pebrosn 13th Siay
29th Lecwsber 2nd sarch 2L%h Juns

15th Junuary 5th Apral ta August,

Retwm off nbricots,

v

MAer eech porwast, the diy motter vroducilon ef oach nlot wes detersined
end a fertilicer nixture rceburmed on o proporiicncte bLoelne. The compould used
was that wroposed by Meliour (1753) fellowiug o thoroush siudy of the comosition

off the duag and urine produced by sheep, (0 @ stenderd swnmrd compocad oF 70

per cont Tyegrass sud 23 per cent white clewver, (produciag 14,000 1b, dawn,



bl

par sore por opmrl sheep retwmed o
18L Toe 0o, 155 2D PO, BT Lo
2 275
The Torbilizers were aliwed lv the following proporiions:
Jertilizer Coioomud,
Saers owbion dno7 dbe
Comaet linterinl, paxtuTe,
Hlood and hone v 2,130
Drded blood ‘ Je 275
fwsphatle 0,026
Hurinte of potash De126
Sulphate of ermonian 0e185
Limeatone Cio 260
Por sech 1 Th, hevbage dry motter oroduced by the resnective plods 250 gu.
of Fertilizer was returned, in the case of the harvests corried ocut on

2%+th lecerber snd 10

SBtatisidesl snolvsis.

The maln methods ©

fresses vere

N
L

(Muncen, 1955), The ronge tost provides

differoances bevwoen the species means,

Junuary o combined dress

one of The enelysie of vericnce mnd the muitipls
Llefornat

as Ion

AT WRE JLVET,

P atatistical trestment used in compering the sewvan

A
LS

TERLe
ion on the signiiiconce of

ards yiold, euc, &nd is #0re

simple end powerful in its oopliestion thon the moxe widely used lerst
gignificant diffcerence toat,

Heon velues were detomained on nine ogeesiong for the dry neitter
production of 1l herbege on ench of tha soven foass swernds, In intorpreving
the signdificonee off diffcrances bobween thege wlugs camarisons were nsde

with the siorest significent ruase (P

0,05) computed froim the

t = enpronricts
stunderd error,

L% weap nccesseiy o conpile einng nlot volues for each of four cress
the prairie prass, cocksfoot snd thmithy »lots in fleplicete LI end the show

rotation »yegress plot in Replicate [ii. The
three sreas wes nmarkedly different frem thnd

fal
=]

resuld of unevon fertility snd soil molsihure

weed infestation in one particulsr corner of

k]

(o3}

ment phase, in iie fourth insiinec,

the slort-rof

botanical sunlysis of the {iys

in the obher replicates, & dire
stotus end the presence ol pevar
the trisl durdng the estebhlishe

=l
£ ul

on ryegrass plot

3
Tt

b



oxbansive damage resulted from the prellninery roliling coperations, The
trectaent of this axes ag o miszsing plot was convinucd vaibil the olucth

harvest on 5t Spril, 1960,

iaperinental Rosulitg,

i, Presentaiion of results.

Uomploete talles off the production dote Prom the nine hervests cre
included in sgpendlx 11 sloags with the selovent stobisticsl anniyses and o
swamaxy of the bulenicel cnd dry melter couposition of the herbapge.

depoouse of the varintion in the leagth of sach hoyvegt pericd, o wover
g ) J

el

nont of the rusults Quoted in the main body of this discussion hove been
converted to 4 comon bpsis, thot of the mesn duily dry weitter increment
{1, per escre per doy)e

summ*‘y e these resuldts is given in Plgare VIilolong with the soil

temperatur: and reinfall dote Tour the year 1959=00, Opposite sach horvost
period en indication is given of the ghortest sigmiliconty wmage regquived

betvaen eny o hevboge production meens. Istimetes of tho contribution of
the sovsl graws, clover snd weed Prections 40 the totel yield were prepared
Trom the avernge betonleal enaiyais off soch posture, 48 no informstion wis

cwiiloble reparding the compcsition of the herbage 5% the second snd third

hrivests (29th Decarber wnd 15th Jenuery), extrapolated velucs were used,

il, hetcorvlosricsl dots,

Lihouph mecords wera not cvedlable on the ewmet sibte of the erxpordnment,
mebeprological dota were obteined from the edjecent westher ststicon ot
Crosslands Division (1 mile distent)e £ swnyy 25 given n fosendix TIT
or the monthly temperature, rainfell, eveporation «nd sunsbhbine stotistics

Lfor the period September, 1959-Aumust, 1560, Comperovive figures ero olep

piven for the 27 yeaps between 1928 eand 1956,

The year was to & certein extent shno

I—J
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e
e
o
J
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U
&
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1
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to reinfall, The toitel precipiietion wes well below cversge, 29.47 1.
conpared with a meen oif 39,350 in. The most morked deficiency occurred during:
the months of Deeerber ond Jenunrys vwhen the dry spoll wes cquivelent o o

pertizl dvought of &t days {en cbeolutc drought of 19 deys}, the longest o
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vl

QUpeIELEIEE, O0n vhe mholu, snovwed less wverlotion from previous ye

taen the zufelly, altouzh condivions were woansed bhen avernpe duriog the

iiil, Pobtel productiolii.

The totel hwerbage yiolds for ¢oon of the seven gross swids are glven

[ 3

below {(Tsble V ead Figure Vi), covering ¢ period frow establishient,

arbitrerily stoaderdized ok 10th lovenber, to the early port of fumst, &
total of 2405 dive,
Sohic Ve Toted Dry Devicr Productlon
(Lbe doe por 2oraje
; o e e e e et e i et
: b Commonent Production,
+ fTotnd ¢ s s
Specles, 3 dlerbapc.s Grass, 3 Clover, 3 Veaede
Short Hotation fAyegreass 1 7990 ¢ 7310 530 1 450
Peraiinicl Ryverrass s 6570« B2I0 s 070 s 530
dred Yorksilre 2 165G 3 &S50 ¢ G0 520
GOommercicl Torkehire Feg ¢ 6920 @ 4350 4380 & 690
swendwie Suoes PR Y T % 10 Y 1810 4280
Cocksfoot s 7220z h210 3 1670 ¢ 4520
sty 3 0BG : 25640 2270 s 1050
3 : H 2

Deopite ¢ certein compenanting relotionship bebvoon gees snd clover
production there were conalderrbls AiTerences in the herbase yields of the
seven grass swardg, The bhipghest peoduction (7990 1b, duns ) was obieined Crom
the shorterotation ryesress and the lowent {8320 Ibh, deime ) Txem timothye
i'{T‘

e seleocted Yorksiire for line {7080 1h,) oieduced 700 1h, more than the

commerclal molerial ond gove the sccnd highegt yleld o @il the gress

sorietles. By comparimon, perennisl ryegrass hed ¢ compors

L

ively low
performenes nder the preveiling conditions end coeupled o intermedicte

pusition between cocksfoot and timpthy,

Refercnee to the contributionz ol the sovn gress, clover and wecd

Nes. Althoush
totel grass production follews ¢ slnilar order %o thet of o1l herbepe, the
ringe cneountered o considerably srecter, Cfron 7310 1b. dems i the cnse

ol short rotation myooress to only 2560 Ib, from timothy.



TOTAL DRY MATTER PRODUCTION-LBS PER ACRE

7990

yEQOO
74680

H 6920

T7CQ00

6570

-6 000

+500Q0

+40C0

+300CQ

12000

HO 00

| 2 3 4

| SHORT ROTATION RYEGRASS 4 COMMERCIAL YORKSHIRE FOG

7400

7220

6320

6 7

2 PERENNIAL RYEGRASS 5 PRAIRIE GRASS

7 TIMOTHY

3 BRED YORKSHIRE FOG 6 COCKSFOOT

iz 7. Total vy Latbter Froduction -- 16 Now, - 7 Aug,
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As stated previously, the contribution of the elover and weed components
of each sward was inversely proportional to the vigour of the sown grass,
Thus in the short-rotation ryegrass pasture, where approximately 90 per
cent of the herbage was from the grass, clover production wes only 530 1b.
d.m, per acre over the whole period. In comparison, a clover yield of 2270 1b,
per acre was harvested from the timothy eres, Anmual meadow grass (Boe annua)
and dicotyledonous weeds such as redshank (Folygonum perstesria) dock
(Rumex spp.) end twinecress (Coronopus didymus) contributed over 1000 1b..
d.me in the more slowly establishing prairie grass, cocksfoot and timothy
swards, They were quickly suppressed by the more vigorous ryegress and
Yorkshire fog varieties, however,.

iv, roduc and cle,

Dairy dry matter production mesns for each of the nine growth periods
are pfasented in Table VI and Pigure VII, along with the shortest significant
renges between means,

Teble VI,
. Spegies 1 Rosicadbion k%}.p'ﬁ L 8 2. JMeen
Short Rotation . |
Ryegrass 32e3 398 325 3Ok 32,8 40.9 27e5 25,0 2hed 3246
Perenniel Ryegrass 30,5 27,0 19,6 28,0 29,2 36.7 28,8 18,4 11,8 26,8
Bred Yorkshire ®g 2143 30,1 32.3 4505 37ek 39,8 2641 20,6 21,7 31e3

Commercial Yorke

Prairie Gress 21,2 38,7 38,0 U4B.1 29,6 30,6 25.3 20,1 23.k 30.2
Cocksfoot 20,0 28,6 32,5 U6.0 3846 37.7 20,6 16.3 19,6 29.4
Timothy 2305 2748 35.6 47ek 33ek 33 18,5 10,0 12,9 25,8
Shortest Signifi- :
aant ;
‘ ll » 2.2 2.2 602 ng 2;9 lua 240 3¢5 }_!1
Period 1 - 16 Nov, - 16 Dec, Period 6 -~ 2 Mar, - 5 Apr,
2 « 16 Dec, = 29 Dec, 7 = 5 Apre = 13 May
3 - 244 Dec., = 15 Jan, , 8 =13 May - 26 Jan

5« 8 Feb, - 2 Mar, -
‘When the yields ave expressed in terms of the rate of production & close
association is observed with the temperature regime during the different
periods of the year. The highest rate of total herbage production was recorded
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DRY MATTER PRODUCTION—LB/ACRE /DAY

PERIOD |

16 NOV = |6 DEC

30 DAYS

— 950~ 60

—— 28~

56

1234567

MEAN MONTHLY 4' EARTH TEMPERATURE

1234867 !

PERIOD 2
16 DEC ~ 29DEC

13 DAYS

40
SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

2348567

PERIOD 3

29DEC- ISJAN

17 DAYS

1234567

PERIOD 4

ISJAN -8 FEB

24 DAYS

1234567

PERIOD 5§
8 FEB -~ 2 MAR

25 DAYS

1234567
PERIOD 6
2MAR= SAPR

31 DAYS

l 959-00

n 1928-56

SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG
°3

NS VAL WN -~

234567 1 234567 1234567
PERIOD 7 PERIOD 8 PERIOD 9
SAPR ™= 13MAY 13MAY = 26 JUN 26 JUN - 7 AUG
39 DAYS 44 DAYS 42 DAYS

MONTHLY RAINFALL

LEGEND

SHORT ROTATION RYEGRASS

PERENNIAL RYEGRASS

BRED YORKSHIRE FOG

COMMERCIAL YORKSHIRE FOG

PRAIRIE GRASS

COCKSFOOT

TIMOTHY
WEED SHORTEST SIGNIFICANT
CLOVER RANGE BETWEEN
GRASS TWO MEANS

-y 'ﬂ(*
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i lete Jenuary and coriy Pobruwsry wion tem vy b Ghe b 3 osodd Jevel

pereged over 0571, During Wiis period the dolly herbage lmomcnond ovors

.

El

cver 40 1b, daae per day on «ll exCepl the ryegiedbs wreas, Ly ooy and June,
. o . e . .
horever, the meon feupersturs hod follen below 3077 and production waa
reduced to zrouad 20 1b, per deye
Within the overall pattern of sumner produciion pesdc ond winter trough
gertain distinot differences vere mndeld in prowth rhylim bebuween the scven
ETasses. Lh considering these differences rorerencs will be made first of

211 o the tobel berbsge produciion in gech period nd then o e relobive

contrivetions of the sown gress, clover wid weed 0pECiyvS,

{2} Tcral Herbage nroduction. lefercnce has already been mede to the

overall suprenscy of short roetation ryeprass duvdng the 245 doys ander
considerchion, This wes moindly due to vigorous growkh in tiw vericds

folloving eatobiisiment cnd in the eoolerw monihs of the sutwrn cnd winder

{(Periods 1 end 2 ¢nd 6 4o $). Under the conditions prevelont durding 1
pariicular summey the shorterolatvion myegrass svward weg congiderably redused

in producthion throwgd the combined inflvences of hiph teupereture, =il

molsturg deligiency wnd rust infection,

Altbwourh the herbape yield wis s:i.;_-;l:i.i’:i.canﬂy lover than in five of the
pther swards during lete Jenueyy (Perded i) the decline wes nuch less serious
than In the case of perenniel ryesvesg, where rust infectlon was noi
swbonglive end vigour wes very low dhreughout most off Dscenbor end Jomanzye
Iaring the 17 day perdied from 29th “ecerber ~ 156h Jenuary wmesn deily

production wes less than 20 1b, deme from the persanial ryeprsss vhersas

[4

that onn &1l other aress cxceeded 30 Ih, d.ile D acre,

the lstier pert of the swuwcer and carly subtumn (Jeriods 5 sud &)

there wes loss verintion between the axees then of gther scosons, neorly =11

swards producing bobueen 30 and L0 h, a. le DO 08Y, The hest production,
howewer, cene fron the bred Yoviehire fopp short-rolstion oysgrass ond cockse

Toot, With the ongel of winseyr in ths latier pert of Lwey aod early June

(Period 8} & ropid decline was noded in the growih of poreniiiel rveigruss cad

vimothy, Lhoe Lnost productive s ; thoss of Lo

otolilon IYGEress,



na the Yorkehire fog verdetlios.

PR RS

Pffereaces hobtwoen the horborse production of the bred sud commercicl
fop unterdels were not simmificant {2 = 0.05) watil the letter
part of the sumier (Poriods 5, & and 7). Davdas the dwy wmather the
comuerelel werdedy shoved evidence oF plant rmoxtaliiy, the pasturs thinned
noticoably cnd the felisge shoved infection frem rast {althoush ot 4o the

ae oxtant as on the ryegrass aress). & fov lesicns were noted on the bred

o]

fad i T

 izck of persistency in

wriety but on ths other hond, thers wos 0o simm o

e

ine swerd, growth remsining

vigorous throughout the whole of the perlcd
reasrded, Lt esxly wintey fhere were nio sippiflicent differences in the
productivity of ths two wrletics ond the comnerclsl swerd become noticeably

GUDRGTe

E]

n LT ot T cprao ez ey Y © e P 3 [P B oy
production, Leily grass oroductlion wesns o eschi of the ndne

neoscnted dn Thble ViU cad Flpurs VIL,

1 e e
growhly perd

Toblz ViI, Soogoned Dy letier Production e

Grees alovis,

T A S kb PV

) 0D _
.. ” S - a .
o Specios 1 2 St 5 & 7 8 .95 iicon

- pmyrm b 1 R Pl
Showd dursilon

Bysermess et 3562 28,9 20.1 28,7 36,8 25,3 20,0 23,7 2
Perenninl Ryemass 2bel 20,5 1hebd 2042 23,1 29,4 23,0 16,7 102 215

Bred Yorkshire
Yog 15,6 1949 22,0 32,3 20,0 33,0 21.7 1941 20,6 25,0

Cormerciol Torke

obhises Fog 3.k 1967 Zied a8 2044

Proliyie Grossg

£ an

G
rockeloot Tl 1Ca2 dd.de dher 22,8
O

o thy | 9ok 40e0_ 41ale 133 13

Perdod 4 w 16 Now, = 16 Do, Poriol 6 = 2 Y ipTe
2 = 16 Dea, = 29 ira. 7T~ 5 13 Moy
3 o= 22 Des, =~ 15 Jen, G143 20 Jane
- 15 Jen, - 3 Feb, 9 w 26 7 g,
5~ 8 e -~ 2 ox,

1
2

v

.

m . g

These dets hipnlight the diffsreuces

1™
w

arowth rigtim nd vigouwr

L N

botwean the seven vorietics to o much grester ewbent thet the foisl berhose

reavlts, The general situstioa is closely siwdler to thot deseribed cavlier in

relervence bo totsl productlion over whe wicle esporimcntsl periody clever ond

raSs Ln the sweld, Yhis wes pordloalsxly

veed prowth colipenss.ing Yor the

[
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true durding the haiyht of the swmer (Periods 5 and J;.), ot the time vhen
conditions were wost sultable for clover growth., Although the press
production of the preiric grass, cocksfoot and timothy swards was only in
the reprion of 15 1b, d.m, per acre per dsy, clover and and weed growth
raised the total to over 45 1b, The early vigorous prowth of the short-
rotetion ryegross had resulted in the suppression of clover in the pasture
pnd althoush the gyecs yield was sbove 25 1lbe d.m, por day <che toierl herbuge

yield only slizhitly excceded 50 1lh., per doy.

in the case of the more vigorous grasscs such as the Yorkshire fog and
the ryepgrosses the trends in grass yicld closely follow thosc slresdy
mentioned in reprrd tc total herbrue. The growbh paltern of the short
retation rycgrases was very uniform throughout the experiment excent for the
slight decline in sumaer and winter, The delly increment remsined within a

zenge of from 22,0 1b, deme 0 36,2 lb, deme during the period reconded.

The perennisl ryegrass was generslly less productive snd only compsred
clozely in the late swbwan and early winter months (Feriods 7 snd 8).

Vardation in scasonal production wes nerhops pore spperent then in any other

gross under cxomination,

The timothy, proirie gress snd cocksfoot erecs showed slow prowth in
the early stages of the trisl {Periods 1, 2, 3 end 4} but were intercsting

from seversl points of wview,

Yhereas the selected muateriel maintained sz rolatively level platesu of
srowth hetweenr 20 1b, and 40 1b, d.a. por dey, the commercinl line hau &
by

more pronounced pesk of production in swaer folleved by & sharp decline

until lete winter snd eaxly spring.

(¢) Dry metter content of the green herbage. & sumery of the percentspe

dry matier in the herbage of the seven swards is plven in Spoendix [T, In
every cese there is a seasonal trend similar to that encountered f'rom total
herbage oroduction, The highest dry wmetter contents, over 20 per cent in
the cese of the ryegrasses oid pralrie grass, are associated with the werm

sumper conditions in Jenusry ond Februery (Period 3, L ond 5), Certein

differcnces sro simost meinteined hotween the individusl spzeles throughout



48,
the duration of the cxperiment, fe.enuizl and short=rotation wyegrass shoved
conalderable shnllarity wntil lote autwnn ond winter, being generally higher
in dry maiter content that the otlier species, at lenst during the swmer
monthis,

b

Toth Yorkshire fog esrietics demonstrated o tendency tovards lower dry
matter percentage throughout the yeor then most of the other gresoces. Thoe
main disparity belween the two lines coincided with thelr divergent
pexfornence durdn: the latter pert of the summer. ‘hile herbage producticn
from the comsercial moterial as much below that of the bred widely the dry
metier conbent was botween 0.7 ond 1.5 por cent higher, Thus differc:ces
whilch spheared coﬁsiﬁenlble when viewed in ltemus of green herbage were

reduced i o certain extent on conversion to & dry maiter basis,

Une genersl trend vaes established from 01l the obserweticnc, however,

cress sward opngered Lo be

Yhe dry nctier content of the nerbage in each
inverasely provortional to the vigour of growth. Thus, although the shory
sobotion ryegress and timothy had mesn dyy matier contents of 20,2k ond

17.90 per cent in roricd 5, by Perdod 8 snd 9 the latter was coproxinvetely

2.5 per ceat higher {18,0L ¢nd 20,75 over cent; 15,99 end 18,55 per cent).

(a4} Dotanical composition, Date concern ny the botanicel composition

&)

of the awards a2t ench of the nine hervest detes ere summurised in Appendix Ll.
As moentloned previouwsly, the composition during {he second and todrd perdods
was extropolated from the nesrest aovwileble recordin

EBe

(n & percentage composition bosis, the clover snd gress contents off the
seven nostures apocar to very videly. Vo o certainTexteni, hovwever, these
diff'erences ere diminichied when cotwal productivity is considered. ZAluthouzh
the pereentzge clover contributicn te the comierelal Yorkshire fog sward
scens to be considerably pgrester thesn in the selected materiai during lote
surmer, the clover yield differs very 1lidtle, in FPeriod 6, the comperstive
proporitions of clover in the bred snd comperc el swords vere 16 and 50
per cent, The rete of clover production per day, however, vos much closer,

6.4 1b, du.m, per zere in comporison with 2,8 1b,

Under the menepgahent system adogpied, the short-rotation ryeprass creons
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contained & very low properdion of' clover and vesd, ferenniel ryespreas
exhibited shailor secressive traits ot the commencennt of the trisl but
sllowed more incursion of clover during the dry suenor months, In the subum
and vinter this swerd conteined approximately the seme emount of clover ss
thets of the bred Yorkshire oy, bebween 4 and 1)) per cente.

The cocksfoot, timothy snd prairie prass arecs conteined 2 high
proporiion of clover and weed until the end of Januvary, Hy Peried /. most of

trhe annuel weeds had heen eradicated by the {reguent defoliation and little

difTerence remeoined between the gresses in this respects The major dlifercnces

in elover percentape romained, however:; st ihe end oi' the recording period
the timothy arens had 47 per cent of thelr production in the form of clover
soad only 52 per cent oa prass, On the siort-rotetion ryegress sreas ol the

saue time only 5 per cent of the herbape wan derived Trom clover,

Visunl assesmnents of the guelity and densily of the pastures tend to
favour the short-rotation ryegrnss, bred Yorvkshire fog end cocksfoot zreas,
Uozkinioot wes perhans the grass most sulfed to combinsiion with clover wder
the volational menagement systen and would seas to be » suitoble companion
for preirvie grass in the production of both sumier and winter growth, The
prairie grasseclover awerd tended to sllow considersble weed incursion
during the summer and ot the same time produced flovering hesds sver o loung
oeriod,

Discussion,

Agroaomic essessment triels, despite scemingly minute sttention to
det2il, require congiderzble caution in their trangletion into forgdng
terms, Belfore entering into discussion on the results of this comparisan of
Yori:shire fog end other grsss species, it is luportont to re-anphasise the
limited duraticn or' the recording pericd wnder consileraiion. .uch more
informasion would be reguired Trom esrly.spring production ond perfornzncs
over a period of yesrs before final conclusions con be given o8 to the

merits off the indiv.dusl pressca,

Certain conclusions ore, hovever, lumedictely epporent fron the presuunt

experinent, Th. first concerms the high preduction potential of Yorkshire
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fog as & specles in conparison with even the best of the evisiting grosses
developed by brooding and selection, Its maximum rote of growth waes
sooroxinotely equal to that of the short roieiion rycsrass {35.0 1b. dem,
end 54,8 1be G.mme poer day respectively during Period 6) and showed lecs
suscentibility to decline under dry surmer conditions, flthough this infoim—
ation subsiantistes the previous findings of Vetkin (41960} in the Centerbury
Fleins, it vwould not be correct to place too much emphasis on drought
resistance ng on ell-imporient frotor in deciding on the usefulness of o
grass in the hill country of westemn Horth Islond, The yeor in considerction
ves widoubledly abnoymanl in repard to rainfell snd slthough the ryegresses
have becen observed to suffer 4o some oxtent in {the summer it is wnlikely
that they would do so to the degrue recorded in 1960, in the trisls cerried
out by Suckling (1960) in bigh rainfzll country at Te ive, the hiphest

summer production was atteined in ¢ perennisl ryegrass sword, 10,480 1b, G.m.

b

being nroduced betveon the beginning of ovember and the end of Januvery to

comparis:n to 4,760 1b, d.m. TUrom Yorkshire foge

The seasoaanl growth rhythms of each speties were closely related to
those ohserved in many previous trials, the sutumn procluction. of* cocksioot
snidt the winter growth of prairie press being outstanding cherscterisiics of
the two grasscs. Onc of the west interesting features, however, wos the
eifeet of selection on the persistency end seasoncl growvth psttern of the
Yorishire fop. The comuereisl wsterisl exhibited similar responses to Lhooe
observed on sueced plants derived from the areble arecs of South lslend
(Pasnyat, 1957). In lote spring, growth ws slightly more vigorous then in

g
the bred wariety, probably becouse of the ph;,rsiolc‘;;g;ical chenpes assccinted
with earlier and more prolific flovering, Thc commercial line certainly
demonstroted & greater tendency to head in the swerd and it is probably for

this reason, more than any other, thot tiller mortelity occurred dqurding the

r
L]
L}

late summer, resulting in o considerable decline in produetion,
The overall escellence of the bred Yorkshire {fog substentisted the
relisnce placed oo spaced plent selection n {he dinprovenent of the specice.

slihough the meterisl used only represented & cross-acebian of the 32 perenalsl



Lines bedny subJeotod U0 proseny desting, Thore wes overy T
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Porheps the omly feature which 2
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~hoky roeaudres further nvesti-

fation s the exteet of suppression of the clover in the sword by @
Poge Lt may bo that, under grozing, the sywerd wAll become o

i1 wee wder the mowing
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peck end o troush dn vinter sod spring, wes aimdler to thint recovded by

imakling (1960) in twelve grasscs ander hi

recorded in experiinent

ore not onsotly compareble,

11 conditvionn,

e LU

bhedig
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e
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e
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The exact delimitation of the border between the two crtegories,
hovever, will require considerably mere fundamental knovledge of the
agronomy and physiology of the individusl gresses, In particulsr, attention

must be pgiven to the efficiency of the conversion of nutrients into herbage,
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the Juture of idveeding foy the 1dll ‘nyviibanent,

el

in tho develo w this discussion on the sproaowde ond geneide

pobenvial of Yovkshirvrs Yoz as o pagbture gress for rovzinel sress, conslders
cble exphosis hes boen pleced on the nwoed wo sodze wore sdeguete sporelsel

v,

of the eaviromient ia peeture plont brecdang cidd selociion,

Jldhoungh ploat brecders In dew fesldead heve ot sdopted the ouirans

colloy of developing o new acing te scegh

Dov o osuileble arxiconliursl nichie Yor thwe result of thelr endepvours, lhore

[

o
I_!
;. .
L]

hag boen o bendency o byoed w ioil Terdility conditions

Cencentrsiion has boen ploced on o licdted reige of species, reinly tho iyoe

gresges, e £l the romire 5 of Forth and South lglend, Pertile cnd

leas ferblle dend, 10‘ Aend mud nddd olikg,

Thic policy wes undenicbly corvest ila the

o plant broodl

o

in

4]

e country, wiwen the desrnds of the more productive lowlinds necesslisied

the coucentrotion of the lilmdted resciaves aveileble, in fubture yaors,
howevew, the contliwed econoinic swvivel o the netion will beecoio wore ond

n the intensification of feuoudng on the Rerpe srens of

isding in boti: the soxdh wad South Islonds,.

a4

This deved. paent will roouise thoe full ecooperation of

in oreduelng meteriedl copeible of purviwsl wnder syatens of

possessingthe »bility to vespond ropldly vhen conditions sre lmroved Hn

- e
81

aerizl topdressing, incressed stooking sud srestey subdiviaion ol the lend,

=Lerisl il e fowid in the

Gae pongible sourecs of pueh genetic o

with mediwr fertlility recuiveonents such o Torhasblre 1o,

i

It 03 been siwun by on enslysis of the ronge of cdapiive wristion
thet this grass hes become condiliconed o the nolurel scloction nressuresn

ol the riew Fesland cnvircizionts As an oulbreeding spocics 1% hos rospondsd

o the wide rsnge of ¢limetle spoguence cncountored in s country, .

viel B

#1 sdsouate nueleus of verieplilde want o fuil selootbion

PIOENEHSIC o



Bhe
tn the basis of the sxisting kuowledge ol the sweoclos, the mossy
aulteble

sene source Tor brecding towsrds & verlety Lor the more hwdd hill

L3

rreas is thot locsted in the westera part of horth Islend, The populetions
chgerved in this region heve developed lnherent chisracterisiics of
persistency, susteined production, zid resistence to rust lndeotion to o
rmeh grecser extent then the locsl ecobypes fromn cestorn kortn Lsland ¢

IR

thoe sreble sress of South lslsznde

A% presenty, selectlon hes woinly centred on meterisl dexived from ine
donnvmen res and there is need Yor o cloger investigatiocn of populations in
cther ppric of western lorth Islend, I even grester winter growth is

required, for instonece, sbtlention misht be neid to Yorkebixe o x

iron the sub—tropicsl aress of Jorth fucklend rether Hhan lotrodusing
meoteriol from Spoin or rertugel (erelsy, 19605 Toredli, 1969 .

Responee o the gselectlon tovmrds oo dnproved sgouomlce tyne of ¥Yoxlehiyo

fogu hes proved o be extroucly wepid, obeidy becsuse the meterdel wos at
the primsry sbage of selectlon, The grestest overell lmprovarent wne
ubtedly thet obiained in the reduction of heeding snd suscentibDiligy o

Ex

cirow Tust end the oltodrment of ¢ sand-proatrete hebit of srowth,

Deavite & concendration o selecticn uwider apreed plsnt condidlons,
however, the vigour of the dmproved meteviel is markedly superior to thet
abscrved in comuertinl wetverdsl, perticularly in the period iolloviag

flovering, Future gelection Vor 1ncressed yicld, on i other hend, will

most certeinly require srester knowledpe o' the physiole:iccl processes

lomwived, in particulery it will be essculial o obkain nors
the hill envirvonsent snd such Tertures as the uwtilisation of soil and

LYDE8.

The close aprcaneat betwesn the performence ol the species :n the
spronomic trial and nredictions mede erom controlled envirownent studies
suygests thet phytotron investlcélons would srove invelueble in selection
for the hill envivomsent., In an Luproved veriety; odopteblliiy is essentiol

s

and screening would be corrled out most erpedicntly by this metnod,

ot

tork et Gresslends dvisien (oust, 1959; Jrclweng 1960} hns slrondy
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shorn the possibillty of selection for high mutrient ubilisation on the
A

hagls of raotd cation exchenre copoeiiy snd this soproceoh should be fully

b,

Iovestloe

thnt o switable csae hws boen presented

] - 1. e =]
of other srasscs

thol resses widch

are not already ostablished in the will hove sy prester

ig present ond witing, veltin: for ubilisetion,

]



Yollowing o study of the poientiad volue of Corkshire log (Jgleus

Loy 't.i“&';_) £5 8 peature press in the more ergined Teimdng crees of Hew Herlond,

gelocvion wne corried out in an exboisive gollectivn of metorizl adapted {o

difverent locel environionto.

T the development off & synthetic veriety of this gross Dor the weltior

nill srecs of Mol Asland the west suiteble senetic matericl ves Found o

' a r
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P

he yerr end hign yes.stonse to leal dppage fron ciown must

Pucolain corousts ). Slents from Jrier oress An epstern North leleond snd the
( 5t o

croble sress of South dslend wore fronuently of o shoried Lived Gitde

femonstrated + fendency torards undesireble cheracterdstios ston os prosivese

crovth bablit, prolisie hesdling snd slronzly ouvbescent roliz

e proccit testing of 32 potentiol parent plents durins 1959 end 1900
v dngsey Uollope mesulied An the selection off 10 Lincgs showing hiph

generel cosbining ebilify forr meinteined production, sacplebilliy to three
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different soll types, limlted heading: and rust resisitonce,

".

dselected meteriel wpe conpenred with ¢ cmerciel line sod five othew
gueelces in o averd productivity triel conducted wnder siodsited conditlions

of mediw: fevtility and rotsilonel shoop grezing. The Lred wvevdiely couprred

with peramdel ryeprsss

awd the low dauperotures of winter,

e

i1

“he selected moterldlsl glec sioved gonsideredls provenont owver the

characteristics of the comasveisl line in vrodugtion in the nordod follovins
heodiiye

fom 4 s 4 -

The need ig stressed Yor furthor Iunvestise tion into thoe gotentinlifies

of other pedium fortility specice in Novw “eclende
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Plate 11, Spaced plant material - Yorkshire Fog Progeny Test,

.o
.

Plate III, General view from the Pradusdteccio m o =



sroneipa e b moverevliths sar nlot,

Flate V, Soaolimy peocedura - sasele and path oveas oleored,

il
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A

Flede Vi, Procpeiivity sricd « fradsde pass ond white olovoep



_ Flate VIIL Perenniel ryegress and white olover,

Plate I¥] Timothy and white elover,



Productivity Trial e Swvayd Composition in Larch,

Tlate X, Trad Torkshire Doz and clover,

Flate XL GCo

unercial Yorkshivre fog

FLRGEALYL, UOSKST0OoT and ~hite glover,
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Sgpuced Plant Vigour Sceres Q=10
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8 63 Jel 3.7 3.5 3.9 2.6 3.36
10 3 3.6 3,6 3.6 3.2 2.5 3.3
i1 dw16& 3.7 Z.6 3.3 5.0 2.7  5.20
12 3=9 3.7 3.3 .2 2.5 3.1 e,
12 5«15 2.5 545 3.6 3.1 Sad Sk
12 3-12 3,1 3.2 3.5 3,3 3.0 3.22
12 2-5 2.5 3.5 5.9 3.0 Sei 3.2
16 4=22 4,2 3.4 3,4 2.3 2.7 3.40
16 S5 3.5 3.0 3.6 2.7 3.4 3,20
16 3-15 3,1 Jad 3.5 3.0 5.0 5,40
16 T4 Sad Gad L 2o 5.9 3.20
20 122 4,1 Zo7 3.2 3.3 2,6 3,18
20 J=22 35,0 4,0 Gl 2,6 3.0 3,14
22 5~8 N e T 3.0 2, 3,10
25 =15 2,9 2.3 D.4 .2 3.0 3.04
24 5=11 2,0 3.7 3.3 2.7 Je3 3.00
25 4-4 3,2 3,2 2,7 236 3,1 2,96
26 2=-22 2,5 3.2 2,9 2.6 3.0 2,94
26 2«19 2,5 3,1 3.7 2.4 3,0 2,94
28 2-21 2.6 2,5 3.8 2,8 2,2 2,9
29 4=7 3.0 5.1 269 3.0 244 2,88
30 2«11 2,2 2, B0 3,00 2.8 2,74
37 216 H.d 2P 2.8 2.4 2.4 2,62
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Meon
Bcore

-5
7th Fabruarly,

A

. 1
4
e

VDT

Phonts Ruat Soores O
Haen of 10 plonts

et

AP

7
it

First Observoeition -

Snaee

o
,

7¢
Code

No,

ABLE

i
A

Rands

~-11

A

ot

46
o

o

3.0
0.0
0.5

0.0

OG‘O

4.0
0,

.50

[
LT

0,1

03

0.3

fwid

4

0.5 0.8

0.7

0y

e
.74
P
1.02
1.04
i.0€

1.4
0.7
1.6
1.6
0.¢

?u?

oy
w2

G.7
0.3
1.0
0,4
0.7
)

.6
0

0.7
0,9
0.6
0,9
0.9
1,0
1.0

0.5
iJ, 8
0,7
U, &
0,5
0.2
1.4
1.1

1.9
0.5
0.2
1.4
1.4

Q.7
G.5

Ul
0,5

4-16
=19
=21
515
=22
322
G-15

2=71
5=5

&
9
9
i1
15
14
]
17
20
21

pNs
[®)]

A

2=19

22

1,08

7.14

0.5
i3

.3

1,6
1.3

20?
i.7

ot
Q.

44
4-7

=5
27

Ls
=0

[P~

2=186

5]
N

T.42

1,5

Tol

1.4

0.7 2,0

G.2

2.3

i.4
Do
e

26
418

4w

31
32




APPEYDIX T

Spoced Phants Rust Scores Q-5
Mean of 10 plonts

JARLE &, Sacond Observes Lon-235rd, 1

YiFhie RS A S5 A T R . e

. woH H AR -
o Code Y P L I ¢ i fean

Wo, i & ) 4 5 BEOve

1 pEIY 0,2 7.0 .5

e & 0,8 0.6 0,6 1.0 0,7 74
3 5a11 i,
4 Bwi2
5 4wfE& 0,8
£

——i A

o
by M
— b ek
& + -] L]
— CO -\X
o O
£ [
\g A L e
Lo T B T
-] ) & ¥
R N oy D
e L S R
2 o L] E-]
o oo i
L -] £ £
WroONG O ™.
Ay O ;R

‘\\'
n‘-u
3
My
O b
k-3 ¥
AW
- C} ——
L]
<
-]
Co
O
.3
L:‘
<
L1
o
-3
\o
Cn

-
o
&

o
s

1]

\o
-
H
—y
-
-t
N LT
o

T

C
~
-
[
1%

&
N
—

a

>

&
Oy
<
-
-
4
-
o
—t oy
Y

s
“Ha
-,

a

—
A%
2
i
b
e
k-4
m——l

L R R Nt
2 &
~d I
[FEEENY
& L1
oA
o
o
P~
[

o

oy
4\
§
]
[ a9
L%} X
-3
S
.
_1‘\

Ly
H
b
O
\o
o O

L
-
o
P
Y

i
n O
a

@

n

- O 0o O ¢ o o o &
L 0
& Co

3 : 0

5 H-15 2.7 FI~ 0,6 d.5 91,26
17 =19 1.8 2,2 0,7 0,5 1,7 1.38
18 415 1.0 1.5 .2 .1 2.5 1,46
19 6~ 5 2,5 2,0 1,5 1.2 0,5 1.54
19 [22 o i. 0 1.1 T2 0,3 1,54
21 S5-12 0.4 567 ol oo 1,1 1,62
20 o.22 2,5 7.8 ¥ '

N
L
i
Y
A
P\J
B
e
- -
o~
PO A
&
\G
o b O ma s
-]
LY
L
-3

25 depz 2,
26 Fe 9 1
26 Gep2 2.
28 6-15 1. 2,2 2.1 _
1,7 2.9 1.9 2,4 1,4 2,06

-~ v

9 G 3 _

0 4 7 g 3.0 i.9 f.6 1,53 2,14
2= 6 2.9 7.9 1.9 2,4 2,7 2,24

i
2 219 3.0 2.« 1,0 1.9 3.0 2,26




APPREEDIX T

Saooed Plonts Russ Sgorss 0«5
Heon of 10 pbunte

TARTLE 9. Thivrd Obsorvuiion - 306h Moy, 1960

N Code RegplL £ G A D7H Hecn
Lir G5 L = 3 tor . b hiad = o
M, i 2 5 4 ) Hoore
! P 2] o8 2. 1, 7.0 2.5 2,02
z S B 2.3 i, P 2.3 &,0 R s
Z S 2 2t 1,8 P P 2.0 D218
4 G 5 7.9 2.0 2.5 2.2 R dold
4 Hw 2 2,6 2.3 7.5 R f.3 2,14
& diw F 1.7 o7 2,3 e 1,95 .16
& Tw 4 ) 2.4 Ze 5 2.5 2ot 2,16
8 fa e 2,4 2e5 1,5 2,0 2,18
) e 2 .7 2.5 244 PO 2o 2. 04
9 fa 7 2.7 2 2.0 1.9 2,1 P A
) Sm 9 f.8 PN o . Za L
T2 Le A 2 2

Y
\_t 1
i
L“'
LEN
3w
bty
MmN O =
Mo
L
]
i
L
i
-

e
2

2.6 2,1 Za 2.26
1 2 2ol e 26

2,28

\"\:
Y
i
rnly
0
g
a
oy -
o
1-]

74 B ) Jad 1, A AN 2.7 S a8
i4 paly 2.5 2o 2.4 1,8 2.1 e 28
i4 1=22 a4 22 ol 2.8 e PSR
i& 5«9 3.5 2.8 2.1 2.0 1,9 PP 5
i9 418 2,9 2.4 1.8 2.6 2,7 2,44
20 2=16 o 240 2l 245 27 2oL
20 T=-19 2o 2o 2.7 &5 pE 2,46
22 Hell =.0 263 PR 21 Jap Y et
23 322 2,5 2es 24 2,5 2.7 2,50
2 B & 2,6 244 2.6 Ze O 2.5 JENIY-4
25 d- 1 2.4 3,0 2.5  Z® 2.5 2.56
26 G- 3 2.3 5.0 Za 2.6 2o 2.58
26 S-11 F.2 2.5 2.5 207 oy 2 2.58
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Maternal SPACED PLANTS ROWS,
Iine No, Total No, in head (out of 50) - Nos Heads (Rep,II)

23411459 2:,12,59 742,60 10412,59
Erogtrate
* 1el = 8 A %0
® sl - 34 - 110
211 - 19 1 65
216 - 4 7 i)
221 - - 1 200
* 3.5 . n . 150
=9 - 8 4 140
=12 - 9 1 0
3=15 - 2 2 1310
4ml 1 23 2 170
Ll - 9 - 80
* 4=7 4 b3 i 200
* 418 i 36 6 90
5=8 - 16 7 110
5=9 - 19 1l 150
5=12 - 10 - 140
5=15 - - 1 25
® 63 - 6 1 140
6=5 - 8 4 40
6=15 - 5 9 %0
Exect
1-19 1 3 - 160
l-22 - 35 - 200
2-6 U 49 2 35
2=19 - 21 p | 150
2=22 - 36 3 260
* 3-13 - bTA i 125
Imaz - 2 - 185
* 4=3 - 7 3 200
422 - 31 1 250
¥ Se2 2 21 3 160
- 35 2 270

S=11



SPEGIES . l:‘ S “roTiL
MM semt%mﬁw aoe | 1,15 | 1289 | 118 1,25 | 4.67
or ua’g 1218 | 1014 1219 4.59

0,80 | 0,85 | 0,72 {0,584 5.21

F@q 079 | 0,84 10,96 (0,88 347

0,71 1 0,78 [ 0,77 10,94 3.0

9#66 Qm?ﬁ 0;?3 0#92 3&‘@6

0.67 10,86 | 1,02 |0,99 | 3,54

5,86 | 6.55| 6,52 7,01 | 25,94

Source af

g Tt om
1348 0,685 o) 868 0,8

L108 L7110

Replicates | 0.0959  0,0320 92"
Spootes 2 oSy 0. :,‘;sﬁ 15X
| Bypror 14 00,0914 0.0068
| TOTAL 23' | ‘G,ﬁ?fé@ |
8m = ] = 033166
Bt @ (9 @ (5 (& (7
Sbanhlig 3,27 3.33 3.37 3.37

112 112

teld/agre: 969 914

704 691 639 637 599

NOTRE: Any two means nol mezemaama by the eams tine are

stgnm@mﬂg alfferent,
by the same

¥ two means wlersaored
itne ore not asmwmzw at,ffamrzt



Procuctiuobiéy Irial Second Horvest 2960 Decaaber, 1354

Dry dotsor Yiebds (1D)

' I~ i i T P
SEECTES . NN WL ST L
] e A P :

Short Hotutiton Busgross 50635 629 718 LO9T

Pereaniel Rysirass L5620 484 500 LABO
Bred Xorkshlire Fog BT 495 0 611 548
Commerceial Yorishire Fopg 520 525 584 410

Proirie dress Bat 602 790 G614
Cocliaroot AZ2 42 488 506
Aimothy LAB0 L1270 608 . 295

EEPLICAVE SOTALS 5.3592:3,58% 0 4,309 A.5i4 14,600

Pl

R ol mees e

Ancabusie of Varlance

T o > ) . . ) .
: ‘L‘,Zﬁz?? tgﬁ} ad __ g.8, ¢+ m.g, F? palug
¢ : !

. , - oy e - ' A

L Beplicoieo 5 ¢ 0,0332 . 0,0291 4.35§
. Bnecies f 6 - 0,737 7 0.,0289  4,89™
- drror 4 - C,08320 ¢ 0.0052

X

i e LA

Compurison of Spaeciecs MHeun

[0

e (20 (3 (4 () (c) (7

Signiyicunt
stusentbyicd range:r 5,03 .18 35,27 3,35 .37 35.39

SROTEEat

Nor ] P e
Eiﬁﬁi?faant ranage : L0096 100 L1033 105 10¢& 0 107

Soocies mecnsg: oPE PRA COYF  BYF J0G DT RE
Q,G50 0,632 0,513 0,492 0,467 0,457% 0,444

Dry matser yicdd/acre:
517 503 408 392 372 361 353




APRPINDIT

IT

Productivity Trick

Phird Horveat

1560 January, 1960

DRY iarirR YINLDS (1)
I ' o LI CA T ESs SPECTRG

SPHOTHS _ ; tn

HPLCIES 7 : 2 o 4. wOerATS
Short Rototlon Ryegrose L7029 635 857 AB75 2,774
Perennich Rysgrass 468,453 467 .85 1,675
Bred Yorkahire OJ . 703 477 L2 L7573 2. 761
Comingre bel Yorkshire Fog 604 533 .968 ,hHSE 2,691

Dpoirie Gross 902

LG7E

Cooligf oot , 042 56T
Wm0ty 742 625 1,063 6086 3,040
BLOGE TOTALS 4.975 3.958 6,107 3. 28 18,960

ATALY ST

O VARIATCR

SJource o
Veriation

M.B. . MW vLIue

Beplicutes

6. 0,1515

1o gRAAX
el e ‘, X

] O
Snecies G 0,5711 . 0.,0619 5.2
Hdprop 14 00,1636 ©,0117
O AL 23 0.949%

COMPARISON OF O

SEHOLES

MEANS

/T.0117

S = =g
e e
.n‘ [ - Oi!' . -y I
meung (2) (3
Stankfieant s 3 0% 3
stugentyeed, renge” o0 e
Shorﬂggsﬁ 135 142

JTL6020

( £

= 0,044721

) (5) (7)

5.59

L5z

PRA T cqc* PR BYF  OYF  PRG
0,817 0,700 0,693 0,694 0,690 0.673 0.418

Dry motter yield/uere:
646

€05

"

55

2 552



APDRYDIX IT

Productivicy Trial Fourth Hdorveat St Februgry, 1960

FEEARPAlNY FAERLN VL b LY
DR fAER
ek

J.IT ()L.ﬂ ( :'.’J.

SPECIHE - e

851
4535';,;3
SAB7 T,
°39:’ i
: FATE
?,f44 i

!n/:,g/_‘ ;

Short

Herenn

rotusbon Bycgrass
Lul Byegraes

Bred Yorsshire log
Commarctal Yorishire
Proirie Gross
Pb%foot

i
Ko
!.

.G

L o 1

: ()T: ;.I.JU

l.n-

A0
I70
| a.})?U .

?LJ

SO

.35
212

J543

..... LSS S AR o AV My ke Akt

12 5‘,“

-

LT
{1738
1,559
I 540
L4551
i.<i00

176

AVALYSTS 08 VAR

T AT L A e

;"I BT
I

L

At -\’Mnn_-w-'ﬂ

Bl o

et e L

1" - o 6’?
it
o 527

uﬁédﬁ

e AT T BTV SRR Y

2% )h?

Source o
Yoribotion

g
Y RS

P e

vabue

00,0608
1,557
O, 4540

“Replicuiee
CSpecles i
- Hpror

B Ty

-t

7 o edd

XXX

3

{UX:

AT 2,0559

= O a (J }?:} 395

COMPARTOON OF GPROINS .78
v . Uoodi/ 000575
D = B
O3
Ho,of . " . .
s (2) (3) () (&

! (A N joo__j -‘.'8

LG boed reangs” e

Shortosq

" ] . 2350
S0 b b LOOLE 23

rumg@: el

TIM
[ n 430

Snecles waong:

PRA
1a451

5027

. 245

El

cog
el ]
J,._)f.)u

S
e 57

Y PRG
0.916_0.545

Dey Hotter yleld/oere: 1155 11

-

38 1105 1091

1058 729 673



45

TN F L

10
Productbvisy vricl T Herves Znd Horals, 1960
DEY AN an YINLDS (1D)
D BIP LT QA RS i
SCEQIES - i 2 5 bl S

Shoys wotwﬁion Vuegroess 1,170 352 1,040 ff.Qﬁj 4,121
Porwwniwl 5 uuruﬁs 833 1,169 L8590 800 3.(60¢
Brad YOP%LQLPOAFOQ PL172.7,209 1,247 0T 076, 4,704
_GOmmePciwﬁ Yorishire Foy ey 52 G 1,00 o
Proirie Gross o D54
Cochraioot 1,293
Mimothy 1,205

BEPLLCGATE POTALS

Ql

ViR LANCE

GOUPGE O

; Ve A Tad e 5,8, The 8, ! BPovalue

? Veeri ot Lomn tred | £ value

— T SR S

: Buplioutea 3 v 0,070 Q,027 P00 7.

Sutcles & 0,537 0,056 2.552(\“ s

' Error L 14 G.,311 . 0,0222 ;
POTAL 23 0,718 |

i :

COMPAR LSO OF SPINGT

LG HEATS

Smo= = =

no. Gf Heong:

Sionti oot
suudent lsad Fumgc

SiOPLaat . o
o T P p—— M 1 8!’ f & .:f_i
SLGN LT LeLn T Punds o 15D M

'JJYF
‘1 /r_‘

S2

COC

1,214

Soeecica maon

0. 0037

S— e
528

= 0,060

5027 J.33  5.37 3,39
99 L2030 .205  L206

PE4 PRG
0,928 0.217

SEE . OLF
050 0,953

.i"IH

o
L

Dry metier yield/ . 956
core’ -

966

834 820 /59 732 750



APpEDIN IF

Productivity dpial  Simih Horvest. 5t Aapil, 1960

DORY I

CPEOIRES i -

Short Rototion Byegrass | 1,661 1,400 0 1.555 @ 1,748, &, 574
Paerennicl Puwfrwaﬂ _ L4868 1,430 0 1,542 11,2040 5,722
dirah Yorkaehire Fog 5 F.0081 1,507 1,579 1,502 1,198
Commerctol Yorisshire Foy: 1,244 1,019 01,620 1,211 5,094
Proirie Gross LT 1,006 . 1. 579 0 i, 14T AL T6D
ool oot LT Bud . T 278 f.@éé: i,459° 5,875
H ) - ' -F EN ST T - TR | ' ot b e o TR (] o1
OBy D aa00 0 T,001 1 7 4067 0,52 L L78

| BHPLICAIT S0ALS L 10,309 8,674 {10,576 9.338 36.:

o T 7 |
Jource of : 4 ; - i S
N N : v . o = Hi oy . : _‘: e buie

Voriotton B * | G -
L . o swin 0 1104 oX
v Zenlicotes _ A - 0.3313  0,1104 ﬁ,77/XX

Soacicee g & L0, E290 00,1045 0 4,537 :
- Brror S5 LG, 3461 ) 0,025 :
' POT4L : 24 1L 3064 1
1 N z

COMPARTION QF S[7 ”C‘I”"
2 = /b 0231 Y 0.00365 = 0,062048

)

O e ) (3) {+)

Signilboant )
stusentised ronge’

3.01 5.6 3.25 3551 5.3

ghortest . o o o »
e o L0 DR O D~ N 0 LT & i SR |
'-'I'Q?'b i bgant l'u,!?,c‘e oy 96 p 0] 3 G

Snscles meonad: SRR DYR el PREG I HTE PRA
1.594 1,549 1,469 1,431 1,274 1,218 1,192

Dry motier yiobas/
aore”

1269 1233 1169 1139 1014 970 949
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APPRNDT Y

Product tvity fricbs Ahohith

ey

Harveast

i

f":

w
S
3
&

DRY HAY

YIILD (ih)

SPECIES

A TR N

2

Short Robtulion Bysgrogs
Percnniel mTGQPbuu - ioj29
Bred Yorkehire Fog '
Gormsreiul Yorkshire Fog 0,612
Proiric Groess 0,393
Goeks o0t (0,584
i Lm.of, Vi 7

ey
1 Pl

1,049

G520

1,118 1,35z 98
0.8200 1,229 0,699 4,077
TL078 1,117 1,304 4,548
0.9€7 0,920 - 1,105, 3.804
0, 357- 1.505 1,281 4,442
0.754. 1.004° 0,355 3.597
T N 0,634 2,158

BEBLICA DK TOVALS

5. 7“"

7.378

27, 764

Jource of
 Yorioihon

Voale i
hefi. & IFT polbue

ol

- Replicuios 3 0,234 0,078 ,ﬁoJQ Y;K |
- Bpecles _ & 1 1.787 0,715 T A
i Brror 15 T HG2 W, 0258
24 i, “}O}
COMPALTSON OF SUICLES Liidvs

[
2 15l

Nogi‘

L)
—

Sirniiieant

. T 3.0t
ehudentisod ronge” 7

Shortest

N e . ory - . ey
SLntitount ronces L1986 206
Soeclbes Mo g SRR BYR

1.2745 11,1370

0065192

1_’: <, _:i

,50 ‘_,_f:;

(5)

LETG L 219

u ?(1

PEL ¥y coag
1.1iC5 1.0122 0,951 0,899

o

At R L BT T = MR 8

-t b e 3 oat ey _
Dy mwbuOP_HPbbgm4 1015
Lore

905

A A s

R B Bt e AT L i 7 LA
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757 716
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Producsivitis Yrial Hintin Horveed 7l suowst, 1961
YIien (1)

R - e T e
DPECIES s ! : ;'“7 YOMILS

: ' ; |

Shori Lhotetbon Syegroeas L 1.34B 0 T.46

aPs bl Byegress
Bred Yorzehirs 2Sog ; ) :
:Gi')}.- Forotol Yorwmahilre .141053’: . ,996 Ef 3 a" - !’ &.)',]'
2peirlo Grocs ' P
‘Socka, oot

o

L

5

1 {\_-"_)
Vi O

]

F
gt
7 ¥
| et e b D
3
LS L W I Y

Gt

SRR

=3\
C.

. [ ;’pO"' ;

" - - H -ie —l.« '
. Al T . ! P e
ALGOT 0,848 1 0.577 1 0,664 0,¢

T

BERLICATTE T0PALS 797 GLB76 T .70 7.

it pmta

a

Y

s e e A bk 1

[
i
g
5

ANALTST S OF Vel TANC

%' Cpebion | ods 8.8, 0.0, T welue
o : - e
 Beolicstes | 3 10,1566 0,0455 | 2,574,050
ngoles ! £ 11,7330 0.28388 '15,956™
0.2302

0,018

at PR y A L st i A T ar e T

PO I XY

e P

SORAT, 25 2 598

li

S SOBTET = JGI003027 = 0,054955

£2:2L; () (3 (&) (5 (D) (N

NSOE

ST LT UGG .
studontised rangc’

707 e oy -d

JJT'J\JT’iN e ?gr- i 7% 178 o
- N » . a r; )l o i CJ?

SLng;bcrmu PONOE - 73 %

SO b L DHRONE Sl BeRG

e

D Hotier yialags/ 1048 932 912 &9E 825 B42 495

o nars



SPAOINS SRR PRG BYF GYF PRA  COC T
HARVEST

1, 16 Dee, 16,17 1741 1569 15,06 15,61 1&.99 15, 3k
2 29 Deay 22,61 2,61 22,22 22,09 22,26 2215 2570
3 15 Jan, 19,82 22,82 19,65 19,51 2,64 19,19 18,49
he © Wby 20,2k 2432 18,17 19,27 260 19,61 1764
5, 2Mar, 20,2, 21,29 18,51 19,49 20,98 1893 1790
6 5apny 18,18 18,03 15,72 16,78 1767 1662 16,68
70 13 May, 19,4 19,98 17,00 INTA 1897 1937 19,60
8 26 Jun, 16,06 19,76 15,76 17,2 I1%15 19,05 20,75
9 7ThAug 15,99 19,59 127 W78 1543 17,01 18,58

MEAN VAIDR, 19,08 20,87 17,43 1880 15,06 1655 187



SJR. R,
PaRy Gy
W%
G LB
PR A
800 C,
TIN

20d Hervest, Extvapolated Valves,

Sy R By
PuR Gy
RLF
CLF
PR A
coa,
TIMN

9
79
64
58
32
35
50

Grass

91
76
66
63

34

35
36

Clover Vieed
1 6
b 17
7 29
3 37

1 57
10 55
10 50
L 5
9 15
10 2L
y 28
20 16
L, 51
16 18

Ird, Harvest, Brtravolated Values, Lith Jamary, 1966,

Sy R R
Py Ry G
BRYLE
o) A 8
PRA
80 G
TIN

Grass

89
7
66
66
36
35
52

Heed
L
11
19
19
35
L5
5l



APERNDIX 1L i
Suseary of Dotanioal Analyees - 3 [arvests,

lean fevcentage Composition - 4 Replicates,
4%h Harvest, Sth Pebruary, 1960,
Grass lover eed
8RB 86 10 L
PoBy Gy 72 20 8
A%E 7 17 12
Gtat 72 17 1n
PRA 37 @57 4426
Goa 35 2a uh
0 M, 8 29 13
aress Clover 1oed
Sela R 88 1t 1
PaRely 79 20 1
BYE, 79 19 2
GeYely 67 2 A
PR A 56 38 6
CoG. 59 36 5
TIN. 39 52 9
Sth Hazvest, 24 jprdl, 2060,
SRR 90 ] 1
PeReOy - 80 18 2
ALR o3 16 1
Q% - 64 30 6
PR - 61 36 3
Q00 - 65 35 2
TIN W 50 6



Sumaary of Botaniool jnalyses - J Horvests,
7th garvest, 13th ay, 1960,
Grass Clover vieed
S R By 92 8 0
Py Tl Gy 80 20 0
AXF, 83 17 ]
Gt R, 61 -1 o
PRA 70 29 i
GoG 72 28 0
TIN b3 5k 3
Sth jarvest, 26%h June, 1960,
Seele 96 4 0
- RaRG 91 . N 0
BT 93 7 0
(XX Y &3 17 0
P RRA, 70 10 0
coa 83 17 0
TIN 65 33 2
- iress Clover ~ = Weed
T 95 5 0
Py g G B6 kT 0
BRYLE 9 5 0
Gy Yo Fe 88 12 0
PR A oy 13 0
c0a 86 1 0
TIN 52 57 1



AT ITT

dlocicay Obssryutions = Gresslands Division

Polmsrsion North - 40°23%s: 175%57'E; 1108, sltitude

Monthly Temperetuns, Rainfell. iveporation axnd Sunshine Records
for the poriod bDuptember, 195G = Auensh, 19 % and the yoears
1928-50,

SPRING SUKRER AUTUMN WINTER
RECOED
JEPT. 007, WOV, DG, JaN, FoiB, MaR, PR, MY JUN, JUL. AUG,
Temperature

Meodd nuam 60,7 59.6 65,7 TLob T4e2 7066 6706 64..0 60,9 56,1 5he9 56,2

59,6 62,1 65,7 69,1 Tlo3 725 0el 066a7 6082 591 54e2 5559

Minjuum 1#5:.1 ‘1-1-5n3 14-905 5500 5507 5558 5106 1#-767 ‘l'{"if-o{) J-.‘.-ool 3’605 jbuz

4307 40:8 49,6 52,1 D357 H4eQ 5205 45k 4lrel 400 37:8 4G5

Mean 5709 52ok 5706 6303 6hob 6502 5946 5508 52k kel 457 L7e2

B50.4 53.9 56,8 60,6 62,5 62,6 60u7 570 51a0 47.1 464 477

Cress Min, 3800 3902 4398 4807 5(-)&5 5005 J\"-E’n‘? "-!-1&4 5?96 j’j‘ol 2893 .‘.':’Go“-il

3007 003 830D 4569 705 4765 Lo’ 43.8 30,9 33,5 323 335

Bartls 4 in, 5007 52,0 59,0 Gheb 66,6 65,3 60,0 5ef B3 45.7 4lal Shal

5003 Bha® 59,8 63,7 Gle7 6502 Bla7 56.2 50,9 4bade Loy 45,9

RATIRAIT, 2:69 3513 2,84 1a27 1a22 3,18 3929 0299 2,25 2414 3.81 2.6
2067 366 3220 Fokds 3228 3402 2037 3633 3025 427 3ot 3 HT

RAIN DAYS 16 13 16 7 7 13 13 12 14 16 16 13

EVAPORSTION 2625 2093 3053 Delb 5430 Le 66 2e09 2,17 115 1a47 0.70 1,35
197 2e71 5a75 hobb 4093 deldk 3239 1:92 1.60 111 1.08 1.48

SUNSRINE MOURS 131 147 117 180 164 175 162 W9 103 1068 &4 170
IO 157 179 198 206 178 173 13k 122 97 110 132

GROUND FROSTS 5 3 1 = = = 3 - 7 13 18 17

DEY SPRILS 17d. 164, 154,

o
Note. Uppexr figures ¢ records for 1959-00

Lover figures 3 jemeraiure = 1946=57

roiofnll - 1830=56

evaporation « 1947«50

supshine - 1926-56



17e
The most suiteble climutic divisions for this purpose sre those

adopted by Gernier (1958) end o

vlor {195k}, In the latter cesc the main
criterion used wes thet of the nmonthly potential evepobtrensplration in
cach region; as thils measurenment is closely related to the sssinilation

of the plent the divisicns heve o strong ecologicel signilficance,

The lenpth ol' the growing sesson is under themmal control and is
a3 Scred iy e At ! R 3 i v e oy 4= 1y en Ty T A S
considered o he the nuwber of months in which eva otveuspiration is in

&

excess of 1 in (Mig. ha), it Horth sucklend growbh conbinues 1l the year
round, whercees in the dnterior off dorth Lsland sand throughout most of

Bouth Islasnd, low temparedures limit evepotranspiretion to below the

critical level Lor three months or nore.

G the other hund the control of evepotrenspiretion by moisture
poverns growth during the wermer months (Fis, 4b). The incide .cc of the
period of molsture deficiency is based on the exhausvion of the npil
reserve {estimated as 4 in, rainfell), Growth is %hen subject to the amount
of roinfall in the {ollowing montha. fost northern cnd western regions in

both Islends ox ericace no major drought period but on the ecst coast of

South Island there is e deficlency for up to five mentha in the

Stotistics are evailable for the resional friguency of rrowth fomm

groupe, time of flowering, flowering during the year of sowinhg

i

» blent
recovery eiter srazing end sversge rugt infection. & sumnary o' this
information is presented in Teble 1, the mein reglons concerned bhelng siown

in Figure Ao,

slthough there is extensive veriotion within “the populations in each
region the mesn phenotype demonstrates tne intimode relaidonship o' esch
character to ¢ prowth rhytlhm cssential to survivel and reproduction, The
proportion of crect and semi-crsct plonts preduslly divinishes with the
shortening of the setive growing senson ei‘rom norti: to sonth, In wesicrn
Horth Islend, the combined groups {erect ¢nd semimercct)} ponerelly ewceed
15 per cent of all plents examined undsr the nwesery conditions at
Polimeraton North, feterial derived from South Isl:-:nél, Howevar, wWes more

:

prostrete in neture, only un to 5 per cent of the plznts Delng ereet or

genleeroct,





