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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,





