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INTROilJCTION. 

vement of Hill fasturea 
__ ·-- __ Island. --

'New Zealand is essentially a lend of pasture, 
and the endeavour of its farmers is to gre.ss 
every type of OOWlty from the seashore to 
the line of perpetual snow' • 

- E. Bruoe Levy, 1922. 
Principles of Pasture Establishment. 

In a few simple ViOrds, written rneey years ago, we sec~ the objectives 

which have become fundementel not only to the foundation of New :~e.land • s 

fanning industr.;r but to the whole eoonanic wellbeing of the nation. In no 

other country has continued economic survival become so closely associated 

with pasture developnent ·and the progress of grasslaJld and animal research. 

Sinoe these v;ords were first written, New zealend has entered into en 

era. of e.chievement, ru1 era in which the vision has co1ne near to reality. 

Few new areas have been oleared of their native vegeta.tion and the achieve­

ment has been realized by the checking of reversion and the increasing of' 

production on the existing land. In little over thirty yea.rs, the total 

animal production from New 2'.ealand' s grassland has almost doubled, yet 

this acoomplisronent provides 11 ttle room f'or complaoenoy sinoe the future 

of the nation depends on the continuation and even acceleration o:C this 

rate of progress. 

New ;~ealand is essentially an upland country, with only a quarter of 

its surface below 650 ft. contour. The topography ie rugged fmd 28 million 

a.ores or 64 per cent of the fanning land a.vailabl• iB said to be too steep • 
to permit cultivation by present day methods (Scott, 19.56). 

In North Island alone there are almost 8 million acres, originally 

covered by native bush and scrub before being reclaimed at the l>e ginning . 
of the century by burning and aurfa.oe sowing with European grasses and 

clovers, which now produce a large proportion of New Zealand• s beef 

cattle and store lambs. Until very recently, much of this important area 

was in the stranglehold of the throe scourges of hill farming - eoonomio 

marg:i.neli ty, declining fertility and s tendily diiuinishing OE\rrying 
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oapaoity. It is easy to understand, therefore, vmy ·-the major proportion 

of gre.ssland research in this country has shown a. tendency to concentrate 

on solving the problems of the more fertile and produotive lowland 

dairying end fat lemb farms. 

Reoent discoveries, however, have highlighted a. hidden potential in 

the hill ptistures of North Island, especially in the more hwdd western 

regions. 'rhere is little doubt that their improvement, by aerial top­

dressing, better pa.stu.re management, more subdivision ond the reincorpor­

ation of legumes and high fertility grasses will provide the nucleus for 

increased production in maey other parts of New .Z,ealand (Campbell, 1952; 

Suckling, 19 5l~, 19 59) o 

Even when these pastures reach an advanced stage of improvement, 

however, a considerable proportion o:f' their production will continue to 

come :from the species elree.c\Y existing there e.g. ,P,aAt,hp.!,1.ia eilos9;, 

Agz'Of;ltis tenuis, ]9lous 1-~~, gynpsuru.s orists.tus, and Anthoxan~ 

~. There is, therefore, an urgent requirement for more infonoo.tion 

on both the agronomic potential and genetic variation in these species 

Vli'dch show adaptation to the hill environment (Royal Commission on the 

Sheep Fanning Industzy, 1949). The ultimate prospect is the development 

of more nutritious end pala. table grass var:ieties wi tl1 unique oharaoter­

is tios, the capacity to survive in farming systems of low intensity and 

at the seme time retain the ability to respond to iniproved management 

and fertility. 

In 19 53, the Field Uusbandzy Denertment at }6.~sey Agrioul tural 

College started an investigation into Yorkshire fog (Holcus lenatus), 

one of the most widespread and ad.eptable o:f' all the introduced weatem 

l~uropean grasses (Basnye.t, 1957). There has been, and still is, consider­

able prejudice age.inst the use oi' this ~sa as a sown speoies, even on 

marginal lowland and hill areas. However, it is now a me.,jor oonsti tuent 

of some 8 million acres of grassland in the North Island (Madden, 19-40, 

1960), 5 million sores being in the wetter hill countcy o:f' the v1est. 

Thus, as e volunteer, it contrives to produce muoh of New Zealand's 
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production of llOOl, lamb, beef and even butter fat (Saxby, 19.56; Mitchell 

and Glenday; 1958; eekan, 1960). 

The investigation commenced with the collection of a wide range of 

seed samples, representing local populations of species most major 

areas of the North and South Islends (Ba.snyat, 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 fonn a synthetic variety which, it was hoped, muld incorporate 

the important characteristics of Production end survival with improved 

palatability and animal return. In this thesis it is proposed to discuss 

the progen~y testing of potential parent plants for this variety and then 

invest:i,gate the agronomic vnlue of the final product • 

... 
• 



s. 
Section Tv.o . ... 

The Ecologicnl Tolerance of Yorkshire Fog and its 
gx:icultural I!N?5?rtance. 

' Farming is not a question of' whim but of th 
alignment of' agricultural practices to 
ecological conditions, governed firstly by 
the climate, end then by the soil itself. • 

- i:.. Bruce Levy, 1955. 
Grasslands ot New Zealand. 

The most important prerequisite of progress in research is a thorough 

ooderstanding of the ultimate objective. Though the reiteration of this 

statement seems n mere platitude, it is appropriate to give ;i.t 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 environment and appreciation of i t s requirements. 

In many instances it has not been possible for the breeder to 

improve on the produots derived from primary selection, the phase in which 

surveys were made of the range of adaptive variation in the species. The 

certification and multiplication of those ecotypes or land races with 

the greatest agricul tura1 potential, has, in fact, provided the basis 

for mol'.>t of' the improvement progr8.Jl!Illes carried out both in New Zealand 

and overseas (Levy and De.vies, 1930; Corkill, 1957) . 

Despite the application of·modem breeding methods and sel ection 

indices, it is hardly possible to improve on the products of natural 

sel,ection without a fuller understanding of the relationship between 

the plant and its environment. This is pa.rticul~ly true in the context 

of breeding for hill pas tu.res, because , under the extensive farming 

system.a typical of' these areas, man's control over the environment is at 

a minimwn and natural selection :ts allowed to exert its :f'u.ll influence 

(Frenkel, 1954, 1957, 1958). 

Although precise definition of the hill environment in North Island 

is difficult , its general description corresponds closely to that of 

other marginal lands in the temperate regions of the ,1K>rld. Its outstanding 

characteristic is variability - in climate, soil end management - for, 

~ 
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despit e the popular vision of New Zealand as a unif'orm grassland Utopia, 

the country encompasses more climatic differences in relation to its 

area than any other pastoral region in tho world (lfadden, 1940; Garnier, 

1958) . 

In the major areas of hill land development, below an altitude of 

2000 ft., temperatures remain within a relatively narrow range throughout 

the year. Over the whole region, mean annual sur!'ace temperatures ore 

within the range 50° - 55°F while maximum c.nd minimum monthly temperatures 

are only separated by 15° - 20°F. 

Because of the wide variation in the topography of the hill slopes, 

however, considerable differences arc noted in the micro-climate within 

re .atively short .distances. Recordings made on the hill research station 

t Te Awa (altitude 1050 ft) show a difference of approximately 4°F in 

the 10.ean annual 4 in. earth t rat-urea of sunny and shady faces. 

.Although the mean wonthly 4 in temperatures rise to only 55° - 65°F in 

the summer, maximvm temperatures on the surface regularly exceed 70°F 

and have been recorded up to 120°F (Suckling, 1954, 1959). 

lto,vever, the variability of rainfall and soil moisture rather than 

temperature, typify the hill lands of North Island. In the wetter western 

reas, annual rainfall generally exceeds 60 in. while in the east, in 

Ha.wke ' s Ba.y, it is between 30 and 40 in. The rainfall• in addition, is 

more variable in the east and summer drought is of' frequent occurrence. 

The oon:forma.tion of the land in exerts a major influence within 

any particular region and soil moisture and fert\:W.ty gradients are 

:verywhere apparent. 

In considering the potential value of Yorkshire fog in the hill 

reas therefore major emphasis will be placed on its tolerance of 
, 

variation in the environment and its adaptatidfl to extensive systems of 

grioulture. 

The geographical distribution of Yorkshire fog. 

In his survey of the geographical distribution of flowering plants, 
\ 

Good (1947) drew particular attention tX> the overa.4 supremacy of the 

'\ \ 
I 

\ 
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grass family in their cape.city for colonisation of a wide range of 

habitats. Within tile family, however, western European sses occupy 

a special position1'through their contribution to pastoral fe..rming in all 

the temperate re~ons of the world (Hartley and Williams, 1956) . Yorkshire 

fog is no exception for, although seldom used as a sown speci es, its 

efficient 111eans of 'seed dispersal and tolerance of ho.bi tat variation ma.Ke 
I 

it one of the most cosmopolitan of all sses • 

Yorkshire fog probably has its centre of origin in the Iberian 

.Peninsula (Vinall and Hein, 1937) but, as a result of continued coloniz-

e. tion since the end of the Ice Age, is now found throughout Europe from 

the limits o!' Northern Scandinavio. and Iceland to the Caucasus mountains 

and north west Africa (Beddows, 1961; Hultetl, 1950; Booher and Larsen, 

19 .58) . Under the influence of h~n pastoral activities the species ~s 

spread to all of the .more recently developed farming areas in the temperate 

regions of the Junericas , South Africa and Australia (L..,. c, ) . 

Yorkshire fog was introduced into New land, either as a s~ed 

impurity or, more objectively, for use as a hay es, by the settlers as 

recently as the 1860' s . Ille to its aggressi,vcness and capacity for seed 

production it has spread throughout both Isl ands of the ma.inland end even 

to the more remote Chatham. and Auckland I slands (Cheeseman, 1923; 

Stapled.on, 1928). Under the equable climatic conditions in this country, 

its colonization lilllits probably exceed those observed in the British 

Isles , where the species is established in eveey district ovor a wide 

al ti tu& ranF.e (Beddows, 1961 ) • 
. .. .. 

The prewar pasture surveys of the North and south Islands (Kadden, 

1940; Hilgendorf, 1935) record the association of Yorkshire fog with many 

major ssland cOI!lmuni tics, particularly those whic!, are typical of the 

more humid and leso fertile regions . It ,is a major component of much of 

the North Island hill country where declining fertility has led to the 

dominance of bromtop (Agrostis tenuis) . Yorkshire fog also contJ-ibutee 

in no small way to the toto.l production of many lowB,round dairy pastures, 

particularly in the Waikato (11a?Jeeknn, 1960) . 
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In the south Islend and th re easterly hill .. regions of Hawke• s 

Bay, the absenoe of' adequate rainfall preolud.es the domina."'l.ce of fog in 

any major commun~ty. It does however contribute valuable sheep grazing on 

s of the bette~ tussock ss zones, particularly dur.i.ng the winter 

months. Pl.ant material has been obtained from altitudes of over 2300 ft. 

on Mt . Somers in Canterbury (R. l • Langer). It is important on the 
\ 

poorly drained inf'ertile soils of coastal Uestland and can become a menace 

t o seed production in the arable are6'.s or the Canterbury Plains ( Ba.snyn t• 

1957) . 

Climatic tolerance. 

Yorkshire fog exhibits the wide tolerance of temperature regimes 

which is characteristic of the important western European grasses (Ui.tohell, 

19.56; Mitchell and wean.us, 1960). In controlled environment studies at 

Grassland Division, the growth of seedling plants showed general similarity 

to that of perennial and short rotation ryegrass, coclcsfoot and bX'O\v.nt.op. 

The rate of growth of foliage on an individual tiller, the most val.id 

es tim.a. te of production under sward conditions, remained high at all 

temperatures between 55° and 85°F, with an optimum in th,e region of 62°F. 

In temperature tolerance , therefore, Yorkshire fog occupies an intermediate 

position between perennial ryegrass and cocksfoot. The fomer shows a 

tendency to sufftir f rom the high temperature and light intensity restitne 

prevalent during the s r in many parts of New .zeal.and, whereas cocksfoot 

seldom experiences adequate tempera.tu.res for optimal growth (Mitchell, 1959) . 

Al though the production of Yorkshire fog is .oonsiderably affected by 

the reduction of temperatures and, to a lesser ext ent, by ~"le limited 

light available during the winter months in the North Island, wth and 

new tiller formation continues . Close study of the seasonal growth rhythms 

in a. wide range of species (Iom,ch, 1949·: Suckling; 196o) doca, in f act, 

show a. l"eJll8.rke.ble constancy of production in this reputedly undesirable 

species. 

EdapJp,o tolerance. 
I 

Concerning its value in marginal .areas, o~e of its oost important 

features is an almost complete absence of e ic specielizati.on (Levy, 
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1955; Beddows, 1961 ). Yorkshire fog is capable of winst on a wide range 

of soil types, varying f snnd to heavy loam and derived from such 

diverse parent materials as pumice and volcanic ash, limestone, sandstone 

and pa.pa, greywacke and orgenio peats. Althougti the opt· soil reaction 

for growth is considered to be within pH 5.0 - 7. 5 (Spurway, 1941; ~vies, 

1944), this grass is a notable colonist on areas of much higher acidity. 

Although Yorkshire fog ,ws on areas varying in soil moisture content 

from waterlogged to average and in fertility from moderately high to low 

(Le,iy, loo . cit) there ie ],ittlo apparent ef':f'ect o.n ss growth. It is 

dif'fioul t to specify the exact physiological be.ES1s of these wide tolerances 

but three factors may be of importance in assisting the plant in supplying 

its nutrient requirements W1der seemingly adverse conditions . 

The first important feature is the adaptation of the root system to 

the absorption ot nutrients ~ the surface layers of' soil (Boggie et o.1, 

19.58; Beg.dows, 1961 ) . The enat.omy of the root incorporat;es a radial cortex 

and many smoll. irregular air spaces, structures which may increase the 

efficiency of nutrient uptake when the soil water level is, high and 
, 

eration is restricted (Soper• 1959) . 

S~udies of the cation-exchange capacity of the root aystqms of various 

grass and clover species (Mouat, 1959; Jaclo::ml, 1959) tend to suggest that 

Yorkshire fog has a high oompetitive ability for phosphate, nitrogen and 

potash where their deficiency is a major factor limi tin.si: th, ,.....,,..,.,.+t-. ot 

plents of higher ecological succession. Even when grom on soils extrex:iely 

defi9ient in calcium and phosphorus (Ill.vies , ·1952,l. the herbage produced 
• 

sho~ averege levels of these minerals. 

In certain eoils, it has b reported that the roots of Yorkshi 

·og become extensively infected by endotrophic rnycorrhiza (Nicholson; 1960) . 

symbiosis of this nature may have some ecological signif'icnnce because 

of the possible fixation of small but critical quantities of e.tmospherio 

nitrogen (Stevenson, 1959). 

Biotic tolerance. 

Althouwi Yorkshire fog will p~rsist under a. wide range of management 

regimeo, ito general growth habit and system of vegetative reproduction 
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are moat suited tn a lenient system of defoliation 'Bnd the maintenance 

of' a certain amotmt of herbe.ge cover (Levy, 1955; Beddows, 1961). The 

species is generally propagated by wind or human dispersa.1 of seed yet it 

does spread oonsiderabzy, onoe it has· become established in a pasture, by 

the formation of a dense mat of rmu1era and developing new nodal roots 

and shoots. 

Controlled environment studies elaborate the existing evidenoe that 

:this ~ss ie intermediate between oooksfoot end perennial ryegrass in its 

tolerance of grazing (Mitchell, 19.56). In the sward, the growth of the 

Yorkshire fog plant is centred on leaf ex:pans:l..on on a moderate number of 

large tillers, whereas in ryegrass and browntop it is on a large number of 

small tillers. Thus, at a constant temperature of 65°F, equiVlllent gr'OWth 

is obtained from 50 tillers of fog or oooksfoot, 80 tillers of short 

rotation ryegre.es, 100 tillers of perennial ryegraas or 3.50 tillers of 

browntop. 

The dif'f'erenoes between oooksfoot and fog are rel~ted to the f'o~ation 

of leaf' tissues. Although the daily rate~ increase in loaf length is 

lower in the latter., the leaf blade shows a greater average width. This 

suggests that recovery from close grazing will be greater in Yorkshire fog, 

a smaller proportion of the total photosynthetic surface being removed. 

From these considerations it can be readily deduced that fog is not 

adapted to tho close grazing, heavy treading or very high fertility of' the 

most productive lowgrouncl. sheep pestures. It is however, ideally suited to. 

survi w.l under the less intensi.ve systems typioa.l-bf many dair,y pastu~s 

and upland sheep fanns •. 

The • oul tural .Fbtential of' Yorkshire Fo • 

It has been 111entioned previously that, despite its .observed ecological· 
i 

tolerance, Yorkshire fog is rarely incorporated in seeds mixtures, although 

it has sh.om great value in the pioneer stages of' hill land end peat bog 

improvement (.Adam, 1953; Stapledon, 1933; tavies, 1952). The reasons for 

this apparent o-;veraight are not. connected . with any ahortooJ:Ding in growth 
,~' s' • ' ' ' 

· rhytbJR or production. It ie more probable that the reputation of this grass 
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luUl suffered beceuse of its association with arean ef low fertility and 

insufficient environmental. control (Basrzya~, 1957). This connexion may 

have G impor when the rc:::loval. of these cond±tions is econanically 

:feasible; it is of little consequence in the context of the hill term. 

The information presented up to this stage baa tended to stress the 

valW:l.ble characteristics of Yorkshire tog. There are oeveral features, 

however, . which, although of ecological oi81lificance, are ;important drawbacks 

to its usefulnes.s as a pasture gro.s~. 

The value of a as is detexmined by the ultimate 8.1'limal retum and 

faoto.t"B such as nutritive value , palatability and digestibility can be of 

more importance than high dry matter production • 

. 
One of the major shortcomings of Yorkshire fog is its low relative 

palatability at certain stages of growth (Olvies, 1925). The early spring 

growth is rapidly consumed by a.11 animals end it is a.loost certain that a 

rapid decline in palatability is associated with the onset of heading and 

the general reduction in nutritive wl.ue oheraoteristic of most ases at 

this time. In the case of Yorkshire f'9g, th:i,s appears to be more pronounced 

because of the presence of velvet-like pubescence an the !'olia.ge (Stepledon, 

1927; Cowl.ishaw and Alder, 1960) . 

The diff erenoes between fog and certain other ssea are most 

noticeable when palatability is assessed by tnaking a large number or species: 

available to the animal , often when they ere ~t diN'erent stages of growth. 

11here tog is ed alone and is not allowed to become rank, little 
. .. 

dif'ficul ty is experienced in consuming the herbage throughout most of the 

year (Watkin, 1960) . 

The possibility of improving the relative tability by selection 

__ d breeding within the species is quite high, however. Studies or the . 
grazing preference of sheep on spaced plant material o'f: Yorkshire fog 

(Jacques and Schwass , 1959; Be.srzyat, 1957) has revealed a relationship 

between low palatability end the following featurcs:-

(e.) prolific heading during the flower period, 

(b) severe infection by cro,·m. rust (Puccinia ooronnta), 

and 

(o) a prostrate habit of growth. 
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Reoorded observations on the grazing utilization of .. Yorkshire tog herbage 

1n the sward closely tie up with this inf'orma tion. In many cases there is 

tendency for the w.mal to e out the plant centres alone , leaving the 

peripheral tillers to beoome rank and form flo'\'Vering heads. Selection towards 

a more semi-prost:t;'ate or semi- erect habit may reduce the diffioul.ey of 

managing the rd to prevent heading. 

In certain years, when conditions £0.wur the spread of the pathogen, 

Yorkshire fog can become severely infected by crown rust (Puccini.a coronata 

Cords var. holoi) which is responsible for a considerable reduction in 

palatability (Corkill• 19.56; Ivins, 1952). 

Tho dip;estibili ty ot the herbage is equivalent to that of many of th 

so called '' better' sses (Raymond, 19.58) . Examination o£ the ano.tomica1 

structure of the leaves in relation to the pres of indigestible oell 

fomations shows a low proportion of either sclercnc}zymatous tissue or 

Qolla teral vascular bundles (Regal• 1960) . 

In their ciaasic study of the chemical composition of swards, Fagan 

and Mil ton ( 1931) found that growth stage was mo~ important tha't. species 

in determining nutritive value. The physiologicnl processes associated 

,vi.th floral emergence result in both a decline in the proportion of crude 

protein and a rise in the fibre content of the matter.- In Yorkshire tog, 

crude protein dropped from 13. 5 per cent at the beginning of panicle 

emergence to i ... 6 per cent e.t the time of cutting for hay. At the same time 

the fibre content rose fran 22. 9 to 34. 6 :,er cent. 

It has been noted earlier that Yorkshire f'og~as the oa})tlcit,y to 

maintain an average mineral content in the foliage even under oondi tions or 
extreme soil deficiency. Ther-e seems little need for ir.iprovement in this 

aspect as even ln fertile area.a the content is comparable with that in 100re 

highly regarded grasses (Thomas and Tho~on, 1948) . Similar laok of 

discrepancy has also been sho\'.n ~ relation ·tQ the proportion of nitrogenous 

C001.p0unds, sugars, ash, fructosans and organic acids present (Bathurst end 

Mitchell, 1958). 

Several vlri ters hew postulated the presence of hydrocyruu.c gluoosides 
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or oestrog1 but this has subsequently been dispo~d on further investi-

gation (Beddows, 1961; l:bpe et al, 1959). If a considerable unt of 

dead basal tissue is allowed to accumulate in the pasture, however, it may 

fortn P. medium for the growth of PzthQIX\YC~S dhartarum, the causal Organism 

of f'acial eczema (Barclay end Wong, 1961 ). 

The Improvement of the Agronomic Value of Yorkshire Fog. 

In considering the present status or pasture plant breeding as a 

whole, emphasis was placed on the necessity f'or better definition in the 

objectives of selection • .An improV'ement ot this nature can only come about 

from a. better underst~iding of the relationship between the pl.&.nt and its 

environment. 

Yorkshire fog has sho,,n, both by its widespread presence in the area, 

and by its obs~rved ecological. tolerance limits that it has a potential 

m the hill areas of North Island. Since the a readily' establishes 

itself o.s a volunteer, however, its inclusion in the 1ni tial 1;1eeds mixture 

seems to be depende11 t on the isolation of a sou,ro$ of genetic material 

which possesa,.1superior characteristics to maJ\Y of the commercial seed 

lines available in Ne,v Zeal&nd today. 

The major objectives of a Yorkshire fog improvement programme will be 

those associated with improving the utilization and palatability of the 

ss • .. A task of this nature cannot be solved by selection on a sing.le 

plane, hO\"lever. Fi ve features seem to require concurrent improvement 

(Jacques, 1959) , namely:~ 

i . the habit of' growth, 

ii. the extent of leaf pubescence, 

... 
• 

iii. the proportion of dead basal tissue., 

iv •. resistance to crown rust,. end 

v. compatibility with le s in the sward. 

. 
The utilization of' Yorkshire tog in the pasture thl"OUgh the grazing 

onima.l is considerably e.t'fected by the incidence of flowering and selection 

towards the development of a variety which shows limited tendency to head 

io extremely important. Preliminary studies carried out by :&snyat (1957) 

suggest that plants adopting a semi-prostrate growth form with adequate 
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on the crown will pr ove to be the best a ,mio type. 

Early breeding work in this ss at Aberystwyth (Beddows, 1961a) 

resulted in the d .oixnent of a glabrescent variety. Compl etely glabrous 

types are unlmown but differences have been noted µi the proportion of 

hairs in plants from various parts of 

possible (Jacques, 1959). 

land a.nd ee;Leotion seems 

In the initial studies of spaced plantn of Yorkshire fog at the Plant 

Research Station (19)2), attention was drawn to the need for selection 

towards freedom from dead basal tissue, which results in the formation of a 

surface mat in the pasture. marked differences were noted be n l i.es 

in those 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 

~rocedure, giving id res)X)nse to selection (C rkill, 1956). 

, 
The final oonsidet"ation0 that of compatability with other species in 

the s.ward, is particularly importt.nt in hill pasture where the essential 

nitrogen must be supplied by le s such as white clover and IP~ 

iginOsus. Yorkshire fog has e. rep-'1ta.tion therlng plant becaus 

of' the fonnation o.f o. thick sur.fe.c t . Al thou1?')l perais 

regarded as an important character in arry perennial as it may wel l be 

that too muoh emphasis should not be placed on it in this context (Beddows, 

1961a). The fog will .ually be repla.ced by species such as ryegrasa as 

fertility is increased through the zini:t animal end it tallow the 

survival ot the other sea during the inte 
... 

d!ie.te stages of improvement • 

Conclusion. 

The available information on the ecological tolerance of Yorkshire fog 

gives emphasis to the desirability of its inclusion in North Island hill , 

stures. The next logical phaae in the selection oi> an improved variety J 

to stuey the influence which th land environment has had on genetic 

varie.tion in the species and then assess the probable location of the most 

desirable genotypes. 

_ . ..,..._... 



'Natural seleotion is so simple in its application 
and yet so :foroet'ul in its results that no 
serious oonsidera tion should be given. to methods 
for the impz'Ovement of e. particular forage speoies 
that do not utilize the benefits alrea.dy a.ch:ieved 
in ne.ture. • 

J. M. Poehlman, 19 59 
Breed:ing Pield Crops. 

'l\he extent and rapidity of the adaptation of introduced pasture plants 

to the New Zealand envi1:-onment is primarily gov~1rned by the nature of their 

breeding systems (Baker, 1953; Frankel, 1954). Despite the relati,r<~zy 

recent development of this oountry'e grassland resources oonsiderable 

eootypic development has been shown in the major outbreeding species e.g. 

perennial ryegre.ss (Levy ond Iavies, 19.30) cooksfoo·t (Cold.er, 19j.3) and 

timotey (Gorman, 1950). 

Genetic variation in outbreed:i.ng plants is essenti1~lly of' a continuous 

nature, being under the control of a large nunwer of polygenio systems 

(lte.ther, 1953; Olaueen an<l Hiesey, 1958, 1960) .. Variabilicy is contained 

both within and between the constituent plants ond p0pula.tions of' the 

species and, despite a certain amount of ooherenoe in 1uajor adaptive 

features, it is possible to maintain the abil:ity to respond rapidly to new 

selective pressures. 

Yorkshire fog is almost certainly outbreeding throughout moat of' its 

distribution area (Beddows, 1931 ) • On the oontinea.t of Europe, recent 
• 

investiga.tions have shown the extensive formation of eootypes or, more 

correctly, eool:inal variation (lllxley, 1938; Gregor, 1939) in adaptive 

fen tures such as growth fonn, e,cten t of flowering, time of flo-wering nnd 

perennialtty (Booher and I.Etrsen, 1958),, '?he varia·t;ic,n pattex•n in this region, 

the centre o£ distribution of the species, strongly ref'1ects the recurrence 

of' certain ol:ime:tic, eda.phic and biotic s<::quenot:is, each characteristic 

being closely a.ssooiated with the length o:f' the active gI'owing period, the 

temperature regime, the incidence of' seasonal Ill(>isture s'tresa (McMillan, 
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1959), exposure to wind and the influence of the grazing animal (Stapledon, 

1928) • 

.As the district of origin of the material became more northerly and 

mean annual and midwinter temperatures declined, there was an increasing 

tendency to delay hee.d formation until the summer after the year of sowing. 

Floral induotiom1 in Yorkshire fog is primarily controlled by a low tempere.ture 

requirement (Cooper, 1960) which is probably closely oorreleted with the 

aver13go teraperature of' the ooldest month (Kotelle.pper, 1960). Other 

ecoolines recorded were those of growth habit and time of flowering, which 

are related to the strong selective pressures of moisture availability, 

eJqx>sure and the grazing animal. Plants from coastal area.a formed flat 

leaf cushions and had slender ascending cul.mus whereas those native to 

continental districts were ta.11, erect end mostly early flowering. 

Despite the x·nther limited period in -whioh Yorkshire fog has been 

subjected to the New Zealand environment, natural selection has teken place 

to such an extent that the variability expressed is in many ways equivalent 

to that :found in the centre of' distribution • .Aa the original nucleus of the 

species in this country probe.bly oaine fran a. limited amowl't of r:nglish 

seed, new variation must have been z-eleased through reoombination. New 

Zea.land has, in faot, beoomE, a new centre of diversity o:f the species 

(I:erlington, 1956; Hutchinson, 1958). 

Th,o substantiating evidence for this statement is derived from the 

initial stuczy- of variation in New aealsnd 1naterial carried out by ~seyat 

(1957) and Jacques and Schwass. In 195L1-, 118 seeq4'S8lllples were received 

from areas :i.n both Islands of the mainland e.nd the adja.cent Chatham 

Islands (Fig. 3). No seed was included from Westland, but otherwise the 

collection was regarded a.a a typical cross-section of bre:eding populations 

or Yorkshire fog il1 this cowitcy. 

Although the prel:iminacy analysis of' variation we.a concerned with the 

relationship between growth fonn and the time of flowering, leaf morphology, 

plant colour, rust :infection and. recovery after gra.zing, it is perhaps more 

appropriate to ole.asif'y these charocterist:i.cs on a. regional and climatic 

basis. 
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The most suitable clime.tic divisions for this :r,urpose are those 

adopted by G.:"<rnier (1958) and Taylor (19.%). In the latter case the main 

criterion used was that of the monthly potential evapotranspiration in 

each region; as this measurement is closely related to the assimilation 

of the plant the divisions have a strong ecological significance. 

The length of the growing season is under thermal control and is 

considered to be the number of' months in which evapotranspira.tion is in 

excess of ·J in (Fig. lia). In North .Auckland growth continues all the year 

round, whereas in the interior of North Island and throughout most of 

South Island., low temperatures 1:iJnit evapotranspira.tion to below the 

critical level for three months or more. 

On the other hand the control of evapotranspiration by moisture 

governs growth during the ·warmer months (Fig. 4b). The incidence of the 

period of moisture deficiency is based on the exhaustion of the soil ff 

reserve (estimated as 1 in. rainfall). G:rowth is then subject to the amount 

of rainfall in the following months • .Most northern and western regions in 

both Islands experience no major drought period but on the ea.st coast of 

South Island there is a deficiency for up to five months in the year. 

Statistics are available for the regional frequency of growth form 

groups, time of flowering, flowering during the year of sowing, plant 

recovery a.f'cer grazing and average :rust infection. .A summary of this 

information is presented in Table i I the main regions concerned being shovm 

in l!'igu.re 4c. 

Although there is extensive variation with:in .. the populations in each 

region the mean phenotype demonstrates the intimate relationship of each 

character to a growth rhythm essential to survival and reproduction. The 

proportion of' erect and semi-erect plants gradually dilninishes with the 

shortening of' the active grovr.i.ng season from north to south. In western 

North Islend, the combined groups ( erect and semi-erect) generally exceed 

15 per cent of all plants examined under the nursery concli tions at 

Palmerston North. lfaterial derived from South Island, however> was more 

prostrate in nature, only up to 5 per cent o-f the plants being erect or 

semi-erect. 
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The time of flowering is a feature oonsiderabl.J, int"luenoed by local 

micro-habitat oonditione e.g. grazing pressure, soil xooisture and exposure 

(McMillan, 19.59; Cooper, 19 54, 19 59).. In several regions the high propo1·tion 

of early flowering plants may, howevez·, be associated with the reourrenoe 

of a.n annual period of• roiature stress e.g. in We.ike.to - Bey of Plenty, 

Gisbome, Nelson and Christchurch • .Although certain ~reas may be regarded 

as drier e.g. He:wke t s Bay und South Canterbury, rainfall is more adequate 

for growth at a later period in the spring and oummer. 

The proportion of first year flowering plants in eaoh line included 

in the collection was r-ecorded by Schwass ( 19 54). As in the European 

Yorkshire fog types examined by lk>cher and Le.reen (1958) there was strong 

positive correlation with the mean temperature of the coldest month. The 

July isothenns of 50°F and 45°F t1re shown in Figurt: 4o. Cooper ( 1957) has 

apeoi:f'ied the mean mid-winter temperature of 50°F as an approximate threshold 

for vernalization response. It is, therefore, interesting to note that the 

highest proportion of t'irst-yee.r flowering plants wa.s reoord.ed in the two 

lines oolleoted at De.rgaville, north of this isothe:rm. The proportion 

gradually deorea.sea to the south a.nd east, only one plant flowering in all 

the lines from Olnedin and Soutblnnd. 

Little information is a.vailable as to the relative vigour of regr-owth 

in plants from each region. There was a. tendency hov.iever for different 

seasonal growth patterns, depending on the length of the acti w e,rowing 

per:i.od in the district of' origin. South Island plants showed lower vigour 

over most of tho yee.r, particularly in the winter and. spring. The only ... 
• 

occasion on which they recovered from grazing more quickly than the North 

Island material was almost concurrent with the period of flowering (Baseyat, 

loo. cit.). 

The prevalence of morte.lity in the •eootypes derived from arable areas 

of South Island suggt:,sts that there io a tendency for plants to be of an 

annual or pauoiennial type, with a high proportion of' flowering tillers in 

relation to vegetative tillers. Rust infection observations reflect a. le.ck 

of vigour in these plants following flowering • .Although rust res.,.stanoe 

varies great),), even within lines the frequenoy of low infection is greatest 
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in plants from the wetter wee tem regions of North ;£eland. 

In searching for a nuoleus of breeding material with a high potential. 

value for use in the hills of North Island it is apparent from the above 

information that the most usef"ul. genetic pool will be found among the local 

eootype populations ot.• Waikato, Tarana.ki, Wanganu:i and Mena'W9.tu. In reality 

this has actually" taken pleoe, for al though selection at :Massey College has 

been on a phenotypio analysis of' each spaced plant, the final isolations 

are all derived from these areas. 

.After the first cycle of selection, 118 plants were selected from the 

initial oolleotion of L .. ,214 plants. These represent 118 lines collected 

from all over New Zea.land and 33 from the ld.nssey Oollege a.rea.. Of these 118 

plants, only 8 came from South Island and none from the Fast Coast of North 

Island. In 19.58, 32 plants were selected f'or progeny testing by the polyoross 

method; all were derived from western North Island. 

Although selection within the western region is advisnble from the 

point or .view ot.' general adaptation alone, the greatest variation in plant 

oharaotet•istios is also observed in this area. The extent of variation is 

rela.ted to the intensity of selection by the environment {Mc»l.illan, 1959); 

it is lowest in the dxy upland regions of South Island and highest in the 

d:j_verse habitats and more equable clime.tic conditions found in the North 

Island. 

Conol~~iol!• 

Preliminaey examination of Yorlcshire fog popula.tions in New Zee.lend 

indioe.tes considerable adaptive varia.tion both between end within individual 

lines. The most suitable :material for inclusion in t 1·e clevelopnent of a 

variety for hill areas is found in western North Island. In this region 

major differences are observed -within the individual plants from a popul.ation 

rat.her than between populations. ' 

l)ifferenoes in rust susoeptibility, vigour, growth form, extent of 

:f'lowering and palatability indicate considerable potentie.l response to 

seoondaey selection. 
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The Me.ssst...29.llege ~leo~. Programme - ~. 

The aeleotion 'procedures discussed in thia aeo·tion were carried out 

during 1959 end 1960. They form the final sta.ge of a comple·te progremme 

briefly ocmsidered in previous sections. Basically, th:ls oloaely follows 

the standard method for the development of a syn thetio vax•j.ety using a 

polyoross progeny test (Sohaepnan, 1952) .. }"our main stages have been 

:i.nvol ved. 

1., P.9.llecti,on of a_,:wj.dc __ ™e oi' adaE,~d 01a.terial - 1 • 

One hundred and fifty-one seed samples were received, .53 from the 

vicinity of Massey College and 118 f'ran other parts of New Zea.Land. T-wenty­

nine spa.oed eingle plants dori ved f'ro:,:t ea.oh sample were examined under 

nursexy oond:i.tions at the College during the pel"iod from September, 195,t,. to 

Septeiriber, 1956 (Basnyat, 1957). 

2. Examination of clonal lines - 1 

One hundred and eighteen plants were selected f'l'Olll the nursery on a. 

phenotype basis and propagated olonally to form rows of 18 single plants. 

Overall observations were made on vigour, the extent of :flowering, growth 

fonn, rust incidence and palatu.bility (Jacques and Sohwass, 1959). 

3 •. §!~~ti01: of parent.al. material for ro test~. 

In .Apx1.1 1958, 32 plants wex·e selected for gene t:ic study by means of 

progeey testing. The plants wex·e grouped into two .. categories and separate 

polyoross isolation a.rees were establ:i.shed, one oomprising 20 proetre.te 

and semi-prostrate ,types and the other the remaining erect and semi-erect 

types. Seed was harvested from these areas in January, 1959. . 
i._. ~f:!!lL~ ~.....E:2.!!. of' a aynth~tio ~E:..~• 

The progeny of' the 32 potential pa.rent plants were exmnined at two 

main centres, on loam at Massey Oollege and on peat lend at Rukuhia. Soil 

Research Station, Hamilton. The information reported here deals with the 

testing of this material under spaced plant, row and sward conditions at 
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the Coll~ge, leading to the final selection of eight superior plants for 

combination in a synthetic variety. nt.ta f'rom Rukuhia (vnn der El.st and 

' Corby, 1960) ,· as used to determine the potential renge of adaptability of 

all parent plants. 

Review of 1,i tera ture. 

Although it is possible to achieve considerable progress in th, 

improvement of' o. pasture species in the early stages through simple mass 

selection on phenotype alone, further advance necessitates greater knowledge 

of the genotypic structure of potential parent material. This is eff'ected 

through progeny testing and the study of the combining ability of 1ndi vidual 

plants. 

In outbreeding grass species such as Yorkshire :f'og the most w.luable 

assessment is that of general canbining ability, the rel.a ti ve perfonoonce 

of each plant vihen crossed with a broad base of heteroeygous genetic 

material (Sprague end Tatum, 1942; Johnson, 1952; Breese, 1960) . Selection 

on this basis• rather than that of the specific combining ability with 

indi:vidual 1'.>lants, makes it possible to maintain the high performance of 

the synthetic variety through the various stages of seed multiplication. 

(Kalton and Leffel, 1955; To:f'rie, 1957) . 

Of all the methods of crossing prior to ma temal lin~ selection,. the 

polycross system.has evoked most intereot in recent years. Frandsen (1940) 

e:nd Tysdal et al (,942) were the first to suggest replicated and randomized 

plantings of clonal mat erial in a manner whioh \"IQuld all.ow the collection 

and bulk mixing of seed from ea.ch propagule for ~.-ogcey testing. 

The theoretical.basis of the polyoross t est is discussed by Wellensiek 

(1952) . In testing for general combining abil.ity, the selection of plants 

is towards those which are approaching homoey@:>sity for the desired . 
oharacteris tics and will gi vo a high degree of true breeding in mixtures of 

their genotypes. &leotion, is, therefore, based on the highest relative 

frequenoy of the desirable feature in the progeny • 

Following the prog, test, the decision on the mmiber of parental 

lines to be incorporated in the synthetic variety is dependent on two factors, 
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the relative losses f'rom inbreeding dep.reeaion and. ·from the lower:ing of the 

e.v-erage ooml)ining ability (Corkill, 1956) .. In perennial ryegro.ss Corkill 

(loc. oit.) f'ound that there was no significant difference in the yield of 

the syn. 2 generation once the number of plants incorporated rose to six. 

The optimum number, ho~ver, is likely to vary with the species and pa.rent 

materi.e.1 used (Beddows, 19.58, 1960). 

Gene-tio drift in synthetic vai .. ieti~s is gener2lly acknowledged (Gonnan, 

1940; Bee.rd and Hollowell, 1952) but is \Dllikely to beoome serious Wlleaa 

a large num1)er of mul-t:i.pliue:tion: · ,, tages are involved or ,•i1ere the variety 

is made inherently unstable through the uae of parental lines diff'ering 

widely in heading dates. 

.Although the seleotion of pl.ant material should ideally be carried out 

in the sward under the inf'luenoe of the grazing anilll8..l, the limited amount 

of seed availablu at this intra•l:)reeding stute necessitates the use of 

single spa.ced plants. The z•ehabilj. ty of a13aesaments based on these plants 

in terms of sward perfol"Ul8ll0e is a major topic of diaouasion in pasture 

plnnt breeding. Several ill'V'estiga.tors have compared the results obtained 

Wlder spaced plant, row and broadcast sW11rd conditions (Lazenby, 1957) .. 

Spaoed plant nurseries give a satisfactory comparison when the characters 

show high heritability e.,g. date of infloresoenoe einergenoe, reaistanoe to 

disease.~ and leaf-stem ratio. Contra.a-ting r..::sul ts oan be obtained however, 

where competition effects the expression of the character and where a f o.otor 

limiting growth is not of equal importa.noe in awe.rd.a and spaced plants e.g. 

drought (Knight, 1960). . .. 
• 

Until reoerrtzy, the importance of' genotype-environment interaction has 

been largely nea,leoted in plant breeding (Fejer, 1955)., In New Zealand, 

testing has been carried out :i.n high fertility environments, with the 
, 

assumption that the superior plants selected under these oondi tions would 

also be the moat productive in more marginal areas (Levy, 1955). In 

selecting for these marginal areas, however, more emphasis must be placed 

on adaptability to a wide range of fertility levels (Frankel, 1958). 
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Experimental Area.1 . w .ut and 

( i) :§x.Perimental area nnd la.yout. 

Three sites were selected for the progeny testing of polycross material. 

Two area,~ were es ta.blished by the New Zealand Department of Agri.cul ture on 

newly developed peat at Lake Clll'.neron and 11.oanatuatua, near the Rukuhi 

Soil Research Station, Hamilton {pH 5.3 and pH 4 . 4 respectively) . Result s 

obtained from these areas were used to substantiate the :findings made at 

the ma.in centre at }.{assey College (vnn der El.st and Corby, 1960) . 

This latter centre was established on mook Four ot the Field ot 

Husbandry Dep t Demonstration aland 

Soil :atreau, 1954; Pollok, 1960) . The soil ,vas :fonned from deposition on 

an intermediate river tetTaoe and was can.prised of a thin layer of fairly 

heavy silt loam overlyin olay loam subsoi l end gravel. Before liming 

the area had a pH value of 5. 4 - 5. 7 (Jacks, 1959) . 

During the prece<iµlg year the block, which is o. 75 acres in_ extent, 

was sown in two drill widths of various cereal and le crops • .t,ece.use of 

the likelihood of nutritional differences in the soil, therefore, the 

progeey t est was laid down in a ·randomized block layout, the replicates 

co.tjf'onning a.a much as possible to the orientation of the previous strips. 

Figures available :f'rom, spaced plant studies of Yorkshire fog suggested 

tl)a.t the coefficient of variation o~ suoh material ,~uld be of the order of 

10 per cent. Dy using five replications, therefore, it was possible to 

detect differences of 14 per cent and above by statistical analysis 

(Cochren d Cox, 1957). . .. 
• 

ach replicate (Blocks I, II, nI, IV• V; 

Figure 5) was composed o:f 320 plants, spaced at 30 in. x 30 in. intervals, 

i . e . 10 plants of each of the 32 progenies., The parental cl~es were planted 
• 

nearby in a similar position but without replication • 

In an adjacent strip, duplicate randomized rows of the progez\Y, each 

12 ft . in length with 30 in. intervals between, wei-e established, and 

unreplica te sward plots ( 10 tt. x 3 ft. ) were sown to cheok on th 

performance of the linep in conjunotion with clover. 
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The row trial waa planted during the laet two we1.ucs of August, 1959, 

seedlings being trensplanted tit 4 inch intervals to fo:rm rows 12 ft. long. 

The weather at'ter· plr.nting was vt;;;ry dry and irr:j.gation was required. The 

broadcast plots v.'Ore sown on to a roller-drilled surface on 13th October, 

1959, tho seed rate used being 10 lb. per ,:i.ore of each Yorkshire fog line 

plus 2 lb. of white clover. 

The whole of :a:t.ook Fou:r· ms given e.n application of 1 ton of ground 

limestone per a.ore befor(:.: nul ti va tion r.nd a topdressing 01• 2 owt. of super­

phosphate rmd 1 cwt. nitrolj.me per acre was given to the spaced plants, 

tows a.nd plots, following tra11sp::J,.ru1ting and sowing. 

Because of a severe infestation of' twinoreee (~l'Q,,llOEU8-d}-9.iY,!! , ) , 

dook (.~ C?)ltusifoli~), blaok nightahe.de (Sola.ttum ni~)$ and annua.l 

moadow grass (Foa annua.) 11 preliminary weed control was carried out by hand. 

On all subsequent ocoa~,ions, however, n 20 in. r'Otar;y· hoe was used :Ln 

eredioating weed growth. 

Following the first sex·ies of observations on the 25th September, 1959 

the apaoed plants were tr:i.mmed with hand. shears. ~Jl'ter flowering, the area 

was cut with a tra.crt.or mower; thereafter all defoliation was os.rried out 

by the grazing sheep. No trimming was neoessa.zy on the row area as e.11 the 

herbage Vies harvested du.ring sempJ.ing. 

=:.=.:=;;Q...-=.:..:=~=::.c:a....;:;.:..::.::;=:=.:~• 

A. Spaced plan ts. 

On ·the single plant area regular recoI'dinga were made of the following 

features:-

(i) vigour end recovery after grazing, 

(ii) the extent and ·ti.rne of heading, and 

(iii) infection from rust (Puooinia ooronf1ta). 
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(i) ~ was determined on an individual plant basis, giving a mean 

value for eaoh parental line in the five replicates. '.L'he soale adopted 

ranged from 0-10 e.nd was related to the lea£ 1::it terial produced einoe the 

previous gre.z:mg, O being the lo,..er li.mi t of growth. 

Ob::.erw. tione \'ieI'8 made on the following oooaeions during September, 19 59 

- August, 19601 

25th September 
1st Jenuar., 
6th February 

{ii) The extent and tilae ot ~. It was ox'iginally :intended to 

r·eoord the aotual date on which eaoh s1:,eoed plant commenced to hee.d i.e. 

when the thiz'd i.nfloresoenae emerged from its shes.th (Beddows, 19!;l.,). '1:his 

proved to be too grea·t a task, however, end the rela 'ti ve time of' flowering, 

baaed on the proportion of plants flov.ering on three oocasi.ons, was used in 

its place. m a.saesament of the extent of' flo-wering waa derived from the 

number of flo.,vez1.ng tillers on eeoh plent at the ihree d.Ei.tos: 

2nd Deoember 

(iii) .Th~ ipoi<~c, ~ ~. Following the termination of' flowering 

and the arrival of moist 0011ditions n:f'ter an extremely dry euimr.cr there we.a 

a noticeable increase in tbe inoiden.oe of crown rust lesions on the spaced 

plsnte. Observation& were taken on three OOCt\sions, nt the <X>IIUiien.oeinent, 

the zenith end the end of the nuljor inteotl.on period i.e. on the i"ollawing 

dates -
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subsequently determined by dr,ying sub- samples f'o:r 12 hours in an electric 

~ven maintained at a temperatt.re of 100°0. 

Intes of ,Y?:eld determinations on rows. 

8th Iecember. 
12th January 

25th February 
20th April . 

(ii) Flowerl.M and growth habit. To augment the infonnation obtained 

from the s:ingle plant area, observations were Il'18.de on the growth form of 

each row e.t the early heading ste.ge, on 7th !Mcember, 1'959 . The categories 

dopt.ed are described by Ba~t (1957) and are: 

erect; semi- erect; semi-prostrate; prostrate. 

On the seme date a oount was snade of the number of' i.nfloresoencea in each 

row of replicate I in order to give an estimate of the poseible extent ot 

heading in the sward. 

c. Progeny swards . 

Because of the le.ck of replication nnd the uneven nature ot irrigation 

during the dry summer period no observations were made on the sward plots 

during 19 59 Md 1960. 

!X}?eriznentel !Cesults. 

In the final selection of parent mat.erial particular attention was paid 

to three at:tpeots of growth in progeny; 

(i) viaour, i . e . the maintenance of lea£ production throughout the 

year without any serious decline either in the summer months following 

flowering or_ during the winter. 

(ii) a low proportion of" f'l.o-wering tillers, )',ading to the maintenance 

of pal&. tabili ty and nutritive value during the heading period; end 

(iii) resistance to severe infection bx crown rust. 

In presenting the results the lines. will be ref'erred to on the basis 

of the code system first allocated when the parent material was examined 

in clonal form following the ini. tial selection. The oode numbers given to 

the 32 lines are as follows: further details of the origin are recorded 

in Appendix I . 

\ 

\ 

{, 
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Code Ivumberi:s o-£ the J2 Parent Plants . .. 

1- 1 1-4 2-11 2-16 
2-21 3 .. 5 3-9 3-12 
3-15 4-1 4-4 4-7 
4-18 5-8 5-9 5-12 
5-15 6-3 6-5 6-15 

Erect Groul?• 

1- 19 1-22 2-6 2-19 
2-22 3-13 3-22 4-.} 
4-16 4-22 5..,2 5-11 

Although provision was made for the statistical treatment of results 

by an e.nalysio of variance and the application of multiple range test 

(Duncan, 1955), the relative ranking of each line at the time of each 

observation ,vas regarded e.s the most important criterion in selection 

(Finney, 1958). 

Vigour. 

A summary of the vigour rankings of the 32 lines is given in Table II 

while the actual scores used in classification can be found in .Appendix I . 

The progeny of each parental line was more variable with regard to 

vigour and recovery after ~ing than in aey other feature. As e. consequence; 

ditterencee between lmes were more difficult to establish than was the 

case with the parental clones. Ver:, tcvr progenies retained a. high ranking 

throughout the whole season, vigour being eubject to the varied 

influences of climatic end soil conditions, flowering and disease. 

Spring tmd early summer. 

recordings were made on the 

n:u-ing the spring e~rly summer, viePur ... 
ssey College spaced' pl.ant material on only 

one occasion, in late September. Additional information was, mwever. 

vailable from Rukuhia regarding growth in late October and early December. 

In the period 1nmedie.tely following transplonting, conaiderable , 

unifoxmi ty was noted within each progeny line, with a tendency to reflect 

the main matemal characteristics. Following the firs t de:foliation, however, 

the intra-progeny variation became more evident, yet despite this feature 

there s a noteworthy range in the mean values accorded to ch prog, • 
Certain lines were prominent in the level of their performance above and 

' 
\ 

\ 
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below the overall mean. Few mi.nor discrepanci es occurred between the 

rankings at the Massey College and Rukuhia centres but in genenil performance 

similar. 

The following lines were outstanding in their production capacity 

in the spring and early summer o,r the first harvest year: 

S-2 
lr18 
6-6 

3• 33 
2-6 
3-13 

5-11 
4-16 
4-1 

Ot. these nine lines. the light coloured erect line 5 ... 2 was perhaps the 

best individual producer, per.forming well at both main centres. 

Summer. In the post-heading period the.spaced plants were subjected t.o 

very dry conditions . According to meteorological data collected at Grasslands 

Divisi,o:ri, ~lmerston North (1 mile from Massey College); the year 1959- 1960 

'!9-S very abnomal as re rainfall, on]¥ 29 . 47 in. falling between 

September 1959 and August 1960 inclusive (.Appendix III) . This was 9 . 8} in. 

below tho mean for the years 1928• 1956 and o . n in. below the previous 

lowest recorded year,. 1924. 

Under the spaced plant oonditions growth was less restricted than in 

the rtjws and swards and observe. tions ,1ere made on the regrowth following 

grazing at Massey College. The exhaustive influence of :flowering sewrely 

o.f'feoted some of the lines which were previously high yielding e .g. 4-16 

end 3• 22 while others such as 6-3 , 4-18, 4- 1• 2-6 end 3-1.} retained their 

positi0ll8. 

When more moist oondi tiona appeared in February and March, several 

lines were severely infected by rust. This wae pn,tably a rei,l.ection of low 

vigour rather then the reverse effect. 
~ 

Based on observations made in Februazy and , 

be capable of high production in the late sumx:ier. 

6-3 
4-•1 
3-5 

1-l+ 
5-12 
5-15 

, 

4-3 
6-5 
4-18 

h, nine lines appeared to 

Autumn end winter. By , 1960, the mean monthly 4 in. soil temperature 

had fallen to 50. 3°P and there was a consi derable reduction in the rate of 

g7:'0wth. Thus the maximum progeny sco -as 4-. 98 on tho 29th 
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d with 8 . 12 on 6th Februacy. A second record.in t .Massey 

on 27th August, and relates to growth during the two coldest months in the 

year. 

There little change in the ranking of the lines bett,een the 

riods and elewn progenies showed a strong potential for winter production. 

1-1 
4- 1 
4-18 

Row Yield Determinations. 

5-12 
,15 

6-3 

1-19 
2 -

-13 

4-3 
·2 

Becaws the limited replication -used in the row trial and the 

disturbing influence of uneven irrigation during the period, it 

necessary to exercise considerable caution in the interpretation of yield 

data obtained. In general• therefore, evidence from this trial was merely 

used to substantiate the findings under spaced conditions . 

Following four yield dete:nninations between November, 1959 and April, 

19W the total production for each line was caloulated, giving the relative 

ratings shown in Table II. In r:iost oases these ratings re.fleeted pcrforma.no 

under spaced plant conditions. Where there was strong contrast, as in lines 

1--4, there was o. likelihood of uneven irrigation leading to a considerable 

dit'ference in the yields of the two replicate rows. 

It is interesting t.o note ,however, that the poorest yielding :rows 5-11 , 

2- 16, 3- 12• 1-22 and 2-19 were gst the poorest es spaced plants. 

Flowering. 

though flowering observed in the original colleotion t'rom the ... 
4th Ootober to the end of Deo r (Basnyat, 1957) the influe: of 

selection considerabl..y narrowed the range of 

terial under exmnination. 

ding dates in the parental 

Three major observations were n the flowering behaviour of thi 

progeny lines under spaced plant conditions. On 23rd Ii>"cmber few plants 

had commenced emergence, only 23 out of the overall total of 1600. Fourteen 

of these plants from line 2-6 and 4 t'ro.rn line 4-7. In the case of 

rgence, there was much less intra- line variation than had been in regard 

to vigour. 



-29a-

0(,, 

.___.,_.,_..,, .. ,~-,__,_.~~ ............... ---, _________________ _ 

-•-•••• 1111•• -- 111111• -•- I IUl- • ... 11•..... '~ 

~ 

- L 

1 

-- -
Breot _. ....... . 

1-19 

1-22 
2-6 
2-19 
2-22 

• 3-1.3 
.3-22 

* 4-.3 
4-16 
4-22 

* 5-2 
5-11 

p 

p 

p 

p 

p 

p 

10 

16 
.31 
23 
22 

14 

32 
13 

9 
25 

7 
1 

1 

-------------------------•M-•---····••11 ..... , .. ,_ .. _.......-......-1_1 1• • •- UI I I .-au • j • II •--

-



30. 

~ 2nd December, 584. pl ants were heading. On this date JJ) of the 50 

plants in line 2-6 were heading profusely whereas in lines 5-15 end 2-21 

no plants had reached the emergenao stage. 

.After this recording, al.moot all the spaced plants CaDe into head and 

the w;;ole ar ea was mom1 and grazed. Observations on the extent of heading 

in the e.ftexmath growth were made on 7th Feb.rwu::,, 1960. Sixty- five of the 

plants in the area bore more thon 20 inflorescences. In general, only one 

or two of these plants \\'ere noted among the 50 indi vi.duals in each progeny 

but in the instance of lines 4 ... 16 (9 plant s): 6- 15 (9 plants) , 2- 16 

(7 plants) and 4---18 (6 plants) they were more frequent. 

From these observations 1 t was possible to di.ff erentiate the progenies 

into early and late £lowering lines i . eo lines where the bulk of flowering 

came before or after the recording on 10th December. The extent of 

head formation -.s assessed by counting the number of inflorescences in the 

spaced plants end in the 10 ft . smnple strip of each progeny ro,.,. 

Details of the relative ratings of' each line are incorporated in 

Table III . The thirty-two progenies fall into four major categories, 

nemel.ya-

(i) early f'l.owerlng, profuse he.adin 

(ii) earl y flowering r estricted 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 polyoross block had a predominantly erect or semi-erect 

progeey, which in most cases was early and prot'usely flowering. ot the 

:rogeni es derived from the prostrate polycross area only line 4-1 was not 

semi-erect or semi. prost rat e and most plants showed late flowering, with , 

the formation of a limited n'Ul:lber of heads. 

Classif"icatian of FloweI,?;J?£ Oharaoteristio .... 

i . early flowering • profuse headini,', 

1-19 1- 22 2-22 3 .. 33 4-1 4,-7 4-22 5-2 5•11. 
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11. early :flowering - r estricted heading. 

1-4 2-6 2~11 5-8 5--9 

iii. le.te f'lo-m,ri,ng • reatrioted heading. 

1-1 2-16 2-19 2-21 3-5 3-12 }-13 

3-15 4-4 5-12 5-15 6-3 6-5 

iv • • late flowering - protuse heading. 

3-9 4-3 4-16 4-18 6~15 

This grouping is almost exactly comparable with that which would be 

,iven on the basis ot records made on the parent material during the years 

1956-1958 (Jacques and Sclmass, 1959 ) . Aspects of flowering behaviour show 

high heritability and respond rapidly to selection (Cooper, 1959) . 

Rust lntP.ction. 

in t e o-r heading, there " a strong oorrelation between the 

parental anaterial and their progeey in their susceptibility to crom :rust. 

In general the eituation wae one of increasing infection from the beginning 

of February until late May, 

On the 7th Februney,_ 1960, observations we .de on the incidence of 

:Lesions on each individual plant at Maosey College. Approximately 50 

cent of all plants a d some symptoms of infection, the meen ovcrnll 

socbre being 0. 91 , on 0-5 basis . There waa considerable -variation both within 

and between lines, hovi.ever., the extreme progeey means varying from 0. 24 to 

1.60. 

By the 23rd March, more humid oondi tions following the dry summer led 

to a further increase in the spread of ini"ectioniparticularly 1n replicates 

I and Il. At the aaJne time, the mean score per plant over the whole o.rea 

rose to 1.41 , with extreme progeey means ranging from 0, 66 to 2. 26. 

A final record taken on 30th 

showing the pro sence of lesions. The 

extreme means were 2. 02 and 2. 84. 

when all plants in the area were 

an infection score was 2.36 and th 

Statistical analysis of the results by mea.m of D.mcan' s range test 

shows that the di:ff erenoes betwee.n progenies wete oignificant on each 

occasion. Separation of the treatment meons was ater than in the case of 
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vigpur. ... 

The indiVidu,.,1 placing at successive observations ined relatively 

constant and olassifiqation proved t.o be a simple procedure (Appendix I) . 

Lines showing higb resistance to croV4l rust. 

1- 1 2-21 3-15 5-2 
1-4 3-5 4-3 ,..a 
1-19 JT12 4-7 51-11 
2-11 3- 1; i.,-16 6-5 

Lines ahowing low resistance to crown rust. 

1- 22 2•22 ~ 5-12 

2-6 3-9 J+,,-18 5 .... 15 
2- 16 3 ... 22 4-22 6-3 
2- 19 ~1 5 ... 9 6-15. 

There no apparent association between rust incidence and the ,wth 

form, time of flo,vering or extent of flowering. Nei tller was there evidence 

of superior rµst r ssistanoe in parental material derived fr, m particular 

regions of western ?brth Island. Certain lines originated f"rom the same 

ori.gine.l seed sample e . g. 1-1 , 1- 22., .3- 15, 4 · 3 end 4-4 and yet show 

d:U'ferent susceptibility. 

Growth :f"onn. 

Growth form was recorded e.t the witieJ. heading stage on the spaced 

plants ot Rukuhia and tllc prog, ro'fis at Massey College. The rating awarded 

waa 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 proptrate group were semi-

reot or semi-prostrate, except for line 4 ... 1 which was wrongly placed in the 

initial grouping (Jacques and Schwass- 1959) . 

The Selection of Bl.rent Material for the SJ:r:thetic Variety. 
, 

In making the final decision as to v-nich lines would be included in the 

synthetic variety bred for the wetter hill areas o-f North Island, constant 

reference was made to several important fact.ors . It has been s·treseed 

earlier i.n this discussion, that, above all , a variety of' this nature must 

have adaptability to a wide range of climate. edaphic and biotic conditions. 

\ 

}'\ 
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At this preliminary stage, it was only feasibls to test all the lines 

as spaced plants at three centres, at llassey College end on the two peat 

areaa s t Rukuhia. Selection was dependent on satisfactory rating on each 

The seoond important factor in selection was that of general growth 

cycle, the maintenance of production during the ~ritical periods of winter, 

·ly spring and the dry conditions which often prevail during the summer 

months. 

• 

1~1ho:ri:' several potential parents had been selected on this basis, attention 

was then directed to the examination of' plant chara.cteri.stios which, it was 

thought, would influence the conversion o~ the herbage by the grazing animal. 

Pa.rlie.r studi.t'!s in the Yorkshire fog collection {Jacques and Schwass , 19.59) 

&anyat, ~i57) had revea.led a relationship between low palatability and 

i . pi"Olifio heading during the flowering period, 

ii. the presence of rust lesions, and 

iii . a prostrate ha.bit of growth. 

Thus despite overall changes in palatability ~seooiated with the stage 

of growth it was ooncluded that certain plants had a higher inherent value 

than others in this respect. Ten lines looked particularly promising froin 

all or some of these aspects and were retained for final consideration. 

Lines with a High Potential as Parent Plants. 

1 ... 1 

1-4 

2-11 

3-5 
3-13 

4•3 

4-4 

4- 18 

5-2 
6-3 

\.-

In the formation of synthetic varieties it is essential to maintain a 

uniformity of heading time within the parental 
. .. 
• 

the possibility of considerable genetic drift during seed multiplication • 

.ost of these ten lines were late flowering bht there were four which showed 

tendency towards earlier flowering, namely 1-4, 2•11 , 4 ... 7 and 5-2. 

When the first synthetic was compo1JI1ded ,in 1 ,60 eight lines were 

incorporated. 

Selected larents for the 1960 .§ynthetic Varie9:. 

1• 1 

1-4 

2-11 

3 .. 5 
3•13 
4 .. 3 

4-7 
5-2\ 

While this selection contains a high level of adaptability the variation 1n 
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&.ding performance and growth :form may prove to b hazard in seed 

multiplication, It is proposed therefore that t'WO further varieties should 

be formed and subjected to full agronomic t esting. 

The more important variev, composed of late flowering plants with a 

semi-erect or semi-prosprate habit of growth, 110uld inco:rpore.te the 

following lines . 

f.r.'!?posed Late-Flowering Variety. 

1- 1 

3-5 

3-13 

4•3 

4,-18 

6-3 

The second variev 1VOuld include earlier flowering, more erect lines w.i.th a 

high performance . 

Ji!l:Yposed Early-Flowering Variety. 

1~ 4 ... 7 

2- 11 s-2. 

Pro:pgsa.ls tor Further Evaluation. 

The ultimate criterion ot the value of any vatie\y of pasture 

only be determined under actual farming conditions. The most pressing 

scan 

requirement in the Yorkshire fog breeding programnle will be tor more adequate 

information on the animal utilization of the improved material in oompo.rison 

with that of the South Island oommeroie.l lines obtained from cocksfoot and 

ryegrass seed cleanings. 

Although seleotion has been based on spaced plant data information has 

been received from Rukuh1a on the sward perfonnence of six ot the polyoross 

progenies. with white clover as a companion species (van der l!ast and Corby, ... 
. . 

1960). The seasonal yields end total production of these lines, 1-19, 2-6, 

2- 11 , 2• 22, 3-1} and 5-11 shows general agreement with their performance a& 

speoed plants at J&assey College and Rukuhia . Over the period 27th April, 1959 

to 7th June, 1960, the yields obtained from the mowing trio.ls at Lake Cameron , 

ranged fran 6262 lb. dry mat ter per acre in progCI\Y 1 .. 19 to 7370 lb. in 

progeny 5-11 . 

Line 5-11 -.s not included in the final sclecti.on because ot 1 ts low 

production in the 1':i.nter months. Lines 3- 13 and 2- 11 , however, "i"eN the next 

highest yielding nnd gave a winter growth closely following that of perennial 

ryegraaa. Both these parents ,-vere inoluded in the prof)Osed new varieties. 

---
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SEX:TION FIVE. .. 
THE AGOO C roT.mTlAL OF THE SYNTHETIC VARIETY. 

In recent years• one of the most controversial topics of agricul turo.l 

science has been that centred on the methods to be adopted in t~ t esting 

of a grass or legume variev. The final ori terion of success in a breeding 

programme is undoubtedly that of animal production and the ultimate aim 

must always be that of a f-ull scale grazing trial before the release of th, 

material to the hill farmer. 

At the intra-breeding level, howewr, the quantity 'of seed available 

will not allow tests of this nature and recourse must be made to SJJlall plot 

trials incorporating syst of simulated zing. 

In this section it is proposed to discuss a preliminary pasture 

cc:,mpa.rison between selected. Yorkshire fog material, a. typical camneroial 

line and five other species. 

It •a decided to make the comparison Wlder conditions appropriate to 

the environment in which the Yorkshire fog would be used, namely those of 

moderate fertility and stocking intensity. The oond.itions were simulated. 

through three teclmiques• the use of limited fertilizers during the estob­

lisrment period, JllOwing to a pattem similar to rotational sheep grazing 

and the retum of nutrients to the individual swards in relation to the 

amount of dry matter produced in the preceding period (MoNeur, 1953) . 

Fertilizer retum on the more normal uniform basis muld have given a. 

material advantage to those species which required high l evels of fertility 

to giw optimum production. 

ReVi ot Litera~ .• 

In a previous section, a certain w::ioW'lt of 

. .. 
• 

haais has been placed 

on the broad eoologioel. tolerance of Yorkshire fog. Tc.leranoe of the range 
• 

of climatic conditions in westem North lalen.d results ¥1 the maintenance 

of relative]¥ uniform production throughout 1.10st of the yea'r (u,vy, 1955; 

Ipch, 1949; Suokling, 1960). Yorkshire fog is important in many areas 

through its contribution to pasture production in the critical winter and 

early spring months (Basnyat, 1957). 
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In a gr-aging trial carried out at Grassland Di:\d.sion ( Goodall, 1943) 

the production ot a Yolkahire fog- white clover .rd compared with that 

zing utilization ot several other importent species under systems of full 

and xnore lenient defoliation. The .,?er:f'ormance ot Yorkshire fog, a normal 

roial lint was atest .under the latter method of 

aspects resembled the overall producti on of oooksfoot. 

ing, .end in many 

yield -was 

calculated in terms of grazing-days the Yorkshire fog maintained its 

relative position despite the tact that it has a lower relative palatability 

than perennial ryegraas, cookstoot and timotey. 

The total annual production of the fog• white clover pasture was 

appro. tel3 16, 500 lb. d.m. per acre oompared with 17, 900 lb. tram 

perennial rye_grass-white clover. Under tull utilization the production of 

th reduced to 14, 200 lb. and 15, 700 lb . respectively. 

In the more leniently , Yorkshire fog produced approXimate]s 

4, 700 lb. d. m. during the critical winter months of Key, June, July and 

August, 25 per cent more than the perennial ry ss. This winter growth 

attribute ot the Yorkshire fog makes 1 t extremely important under oondi tions 
Q\lt-., ....... 

of the &\BHi g of pastures ( eken, 1960). 
" 

Grj:,wth studies carried out by Watkin (1960) at the Linooln substation 

of. Grassland Division show that thia 8S is al re tolerant of high 

summer temperatures and soil moisture stress than the currently available 

varieties of short-.rotation and perennial ry, ss. Thie situation shown 

both in repli _d plants and in awards subjeoted to rotetionRl 

zing. ])iring the winter months, prairie grass !1f!d tall feacue were 

undoubted.13' the outstanding species but, on the other hand, Yorkshire to 

produced as much a.s short rotation rye sand considerably outyielded such 

high]Jr regarded species as cocksfoot and perennial ryegrass. 

, 
.All these studies have been oa.rried out under lowground con.di tions and 

there is a considerable lack of information on the relative pertormance of 

a wide range of oies in the hill area.a of N, al.and, eepeoially under 

the existing mu.nagewen • cent investigations under high fertility 

conditions have been carried out with 27 pasture species on high rainfall 
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hill country at Te Awa (SUOkling, 1960) to invest:i.ga.tc the maxiulUID. clime.tic 

potential of a renge of grass legumee and -weeds. 

The total anrnlfll yield over three yea.rs tor some of the speoiea is 

shown below. 

J?;Y; matter production ( lb ._.E,.er acre). 

Perennial :z:-yegrass 

Short rotation ryegrass 

Coakefoot 

Yo~ kshire fog 

Dan·thonie. spp. 

Bromtop 

,liigh fert~.!.!!• 

23,770 
20,180 

19,650 

Medium f~r·tili~. 

14,140 

10,150 

7,,580 

lnde.x. -
100 

85 
83 

Yorkshire fog was the highest producing of the 'lower fertility' 

grasses, yielding 59 per oent of the annual production of perennial ryegre.ss. 

Thie diacrepenoy ia perhaps not so important as it appears, however, e.s the 

me.in diff er-enoe was obtained from growth in the summer and o.utumr1. 

In winter and spring, hov.ever, a.o indioa.ted in the seasonal production 

table below, Yorkshire :fog produced almost as mu.oh herba.ge as the perennial 

ryegraaa. 

cies at Te Awa .. • I ---• ----
..§1?!9.iea. §pring. ~~2'-'-~• AUtUD,!l • .Vf}.l~ter. 

Purennial ryegrass 5,720 1 o,, .. so 11-,880 2,700 ... 
Short rota.tion ryegrass 6,330 7,790 ' 2,070 3,CXX> 
Cooksfoot 5,.360 7,970 4-, 7Jt!) 1,..500 
Yorkeh;.re !'og J.._:.,".!]() ,,.,760 1,&X1 2,190 

tent;ht:inUt ap:p. 3,180 h,·1}<) ·1,350 1,ii.90 
1h'o1111top 2,860 1,l~OO 2,230 1,090 

The pa.ttom ot seasonal growth variea considere.bly between the dif:f'erent 

species and "llill.a vecy similar to that noted in the experim.enta in tLe lowlenda 

of Nox·th Island (Iqnoh, 1949). Cooka:foot and l1rowntop were notable for their 

autumn production, yielding 24, and 29 per oent of their annual yield 

respectively during March, April and Uay. Yorkshire fog reached its peek of 

production in the J.atter part of the spring (Ooto'ber e.nd November) but at 



,a. 

the time maintained a. certain consistency of yi~eld throughout the y, , 
producing 81 per cent of the growth obtained 

winter. 

Yorkshire f'og used in thi r1als • 

rcial rial. ~ studies at 

perennial .ryegrasa in the 

iwd 

earoh Station 

(levy and ~vies, 1930) noted that ryegrasa plants t: this region were 

lauking in persis and sho\w,d a tende to early and prolific flowering. 

In these false perennial types the vegetative tillers died ott in the autwan 

t the same time their ficmering coun:texparts whet"eas, in later and less 

profusely flowering plants, non-flo-wering tillers remained alive into the 

winter and spring (Soper, 19.58; LucanWl et al, 1960). One of the major sid, 

effects of fl.oT1ering 1a that noted on , the root sys of the plant. In 

hea~ flowering plants, there is considerable sloughing ot the cortical 

tis1:1ue and consequently t tficicncy of up toke of water and nutrients is 

reotrie~d. This ia extremely important in governing plant survival during 

a dry s r period. 

The dail3 rate of pasture growth is affected by fluctuation 1n both 

temperature and light reltimes as vell by the :frequency of defoliation 

(Brougham, 1959) . The average diurnal increment obtain~d frcrn a short-rotation 

ryegrnss-white clover pasture ranged trom 10 lb. d. m. per e.cre in m1c1 ... lfinter 

to 12 lb. per acre in early summer in sward gowth studies at Palmerstcn. 

North. 

~r:iJnental 1 la.youi- end. Establishment. 

he study ot the agronomic potential of the ~eoted Yorkshire fog 
• 

teri, carried out at on an area adjoining the progc~ 

trial. A bred Yorlcahiro the 

ining from the cross blo requl.rcmen p: 

trials had been met. The major contributing lines were:-

1-1 2-26 .3•5 3-13 5-8 
1-19 2. 19 ,.? 4 ... 3 5-11 6-1.5 
2-11 2-21 ,3 ... 12 5-2 5-15 

The pn>duotion characteristics of the variety were compared with those ot a 

typical roial line from South Island and five other species, the main 

G: lend bred materials end the winter- g prairie grass (B:romua 



PRODUCTIVITY TRIAL 

PLOT LAYOUT 

. o' ,e.v 

Timothy Perennial Ryegrass 

Cocksfoot Timothy 

Prairie Bred Fog 

Perennial Ryegrass Commercial Fog 

Short Rot.Ryegrass Short Rot.Ryegrass 

Co.wmercial Foe, Cocksfoot 

Bred Fog Prairie 

.,..4 ' 

II IV 

Commercial Fog Prairie 

Cocks foot Timothy 

Timothy Conmcrcial Fog 

., 

Short Rot.Ryegrass Cocksfoot 

Prairie Bred Fog 

' 

Bred Fog Perennial Ryegrass 

Perennial Ryegrass Short Rot.Ryegrass 

111 

6. Produc Plot 

1-
l 

l 
8' 

1 
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oa thar~), Each grasa was sown at the reoaomended-· seeding ra.·te for the 

species in conjwiotion with 2 lb-. \mite clover per acre. 

~- Seedin Re.tea in the 'ho · 1a?-~_1ria_!. 

Final 10<X> Seed ~- Germination. 
--• ••• 11111 -

Weight._ Seed~. 

per cent. f!ID.• por acre. per plot. 
lb. gn. 

Bred Yorkshire fog-
Massey College 88 302 10 1~).6 

Corruneroial Yorkshire fog-
.Aehburton 72 244 10 26.0 

Perermial cyegrese• 
G-re.salands 13a136 B6 1807 20 32.0 

Short rotation r.1egrass-
Grasslands Cg 121 53 1944 20 51.9 

Oooksfoot-
Gra.sela.nds Bo 747 76 765 1.5 27.1 

Timothi}' - Bd 340 79 30.5 10 17.4 
Prairie grass - Commercial 93 11i.,.90 30 1+4-.3 

White Clover - Ao 143 94 689 2 2.9 

The experiment ss la.id down in a randomized block design using f'our 

replioa.tions. Ea.oh individual plot ha.d dimensions of 20 ft. x 6 ft., the 

size being detexmined by the a.va.ila.bility of seed and the width of out of 

the motor n,ower usod in sampling e.nd tria:ming the area. A gyard area 

composed of a. commercial Yorkshire :fog and white olover award \118.s maintained 

around the perimeter of ea.oh blook. 

The plots -''ere sown on 13th October 1959, following prelirnina.cy rotary 

oul ti va tion a.nd levelling. Jin initial dressing of 3 owt. serpentine super­

phoapp. te per e.ore was applied by roller drill then the eeed ms broadcaBt ... 
on the surface produoed by this opera.tion e.nd oovet•ed by a light harrowing. 

The emez·genoe of seedlings was relatively unifonn within the replic:a tea 

of eacL species,. Ra.in fell 2 days a.f'ter sowing and by 27th October seedlings 

of short rote. tion rye grass, perennial ryegrass and bred Yorkshire fog were 
• 

clearly visible. Clover growth, on the other harlc\ was not evident until e. 

muoh later date. 

Following e1nergenoe., the area -was oonsolida·ted vd th a flat roller. Weed 

competition proved to be serious and it -was neoessa.cy to app~ 0.5 cwt. 
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nitz'Olime per acre to stimulate grass and clover gro!fth. All subsequent 

fertilizer dressings, however, were given on the basis of' the dr,y matter 

produced in the previous growth period. 

Beoause of the excessive drought during the summer the area ve.s 

irrigated for a short period during Ja.nuary 1960. 

Sampling fc;;~~-c. 
" 

To eat:imate px•oduction, outs were taken by using a 20 in. real La'\'ill­

mastox· IDOtor mower on which the front roller had been replaced by a pair of 

wheels, allowing adjustment to di.:.ferent cutting he:i.ghta (M. w. Oross). 

Sampling of all plots took place when a yield of approxiuta tel;y 1 OCO lb. d.m. 

per acre had been attained by the moot p1uduct:i ve speoies. ~eneralzy this 

involved mowing the herbage from l1.-6 in. to a. a tande.rd height of 1 in. 

Atte.r removing a mower width of hcrba.ge from each end of the plot, ·m:, 

20 in. atz'i.ps, each 16 ft. 5 in. J.ong (0.4.56 of the total area of' eaoh ploy) 

were harvested. and their green weight determined to the nearest 0.1 lb. on a 

tripod--aiounted spring balcnoe. 

.A 500 E!Jfl• sample of' this herbage was retained for further analysis. 

Fran thia, duplioate sub-samples ()f apprcx.ima.tely 100 gin. eaoh were dried in 

a 1Wiloo' electric-oven at 100°0 f'or 12 hours, to estimate the peroentage 

dry mattor of' the material harves·tod from each plot. A turther aubs8lnple -we.a 

used for botanlicai diaseotion into grass, clover and 1veed f'raotiona. 

Herlm.go le:ft standing in the field was remoVed immediately by mowing 

.to t¼1e- s tandd.rd height. 

... 
During the period under oons:i.deration n totai of nine harvests ·v11B.s made • 

16th Iecember 
29th Deo«nber 
15th January 

~r,i~. 

8th Februo.cy 
2nd 11.aroh 
5th April 

13th May 
24th June 
7th Augu.s·t. 

.After each he.nest, the dry matter production ot' each plot was determined 

and a fertiliiz:er mixture returned on a proportionate l)asis. The compound used 

was that proposed by YoNe\U- ( 1953) following a thorough study of -the oomposi tion 

of the dung and urine produced by sheep. On a. standard awe.rd oompoaed of 7() 

per cent ryegm.as and 23 per cent white olover, (prod\loing 1li-,OOO lb. d.m. 
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per acre per annum) sheep returned an annual eq ival~t of 630 lb. N2, 

15l•· lb. OaO, 15,1+- lb. P2o5, 547 lb. K20 and 2520 lb. organic matter. 

The ferti.lizers were nwced in the :following proportions: 

Fertj Ji zer Cornpouru;l. 

~~-
Blood and bone 

Dried blood 

Superphosphate 

Muriate of potash 

Sulphate of momonin. 

Li.meat.one 

\ 
\ 

Proprrtion in 1 lb. 
ntixtUJ:-e • ---

0.130 

0.273 
0.026 

0.126 

0.185 
0.260 -
1.0(2 

For each 1 lb. herbage dry matter produced by the respective plots 250 e,n. 

of' fertilizer was returned. In the oa.ae of tho harvests oarried out on 

29-th ~oember and 15 January a combined dressing was gi wn. 

. §te.tis.~:ioa!~• 

The main methods of atatiatice.l treatment used in oanparing the seven 

grasses were those of the analysis of varinnoe and the mul·tiple range test 

(Dunoan, 1955). The ru.nge teat provides infoxmation on the significanoe of 

dif'f'erenoes betvveen the species means, as rega.rds yield11 etc. and ia more 

simple and powerful in its applioa tion than the more wide4' used least 

signi:f'icent differenoe test • 

Mean values were detennined on nine oooe.siona for the dry matter 

production of all heruage on each of the seven grass swards. In interpreting 

the e:i.gnifioenoe of differenoes bet.w:en these val\14,S oompariuons were made 
' 

with the shoreat eignif'ioant range (P = 0.05) oanputed from the appropriate 

a tandard error. 

It was neoesse.zy to courpile mi2sing plot vnlues for each of four areas, 

the prairie grass, cooksfoot and timotey 'plots in Rcplioe.te II and the short 

rotation :cyegre.as plot in Replicate III. The botanical analysis of' the first 

three areas was markedly different from that in the other replicates, a. direct 

result of' uneven fertility and soil moisture status anJ the presence of severe 

weed infestation in one particular corner of' the trial dw:,j.ng the establish­

ment phase. In the fourth instance, tha.t of the shor·t-rota.tion z:yegrass plot, 



i. Presenta.tion ot• results. _,___.__._,-~---
Complete talJles of the pz'Oduction data from the nine harvests are 

included in Appendix II along with the relovs.nt statistical a.ua.lyses and e. 

suiiunar,y of the bo·tnnical and dry matter oomposi tion of the herbage. 

Because of the vsria. tion in the length of each harvest period, however, 

most of' the results quoted in the main bod;y of this dieoussion have been 

converted to a. <:ommon basis, that of the mean daily dry matter increment 

(lb. per a.ore per day). 

• 

The year wao to a certain extent abnormal, particularly with regard 

to rainfall. The total precipitation was well below avez•age, 29.47 in. 

oanpared with a. meen of' 39.30 in. The most marked deficiency occurred during 

the months of' Deoember and January, when the dry spell we.a equivalent to a 

partial drought of 41 days (en absolute drought of 19 days), the longest on 



reoot'd at the station. 

Teniperatures, on the ·Iii.hole, showed less vt,riation from prev:i.ous years 

than the rainfall, o.lthough conditions were warmer than average during the 

early summer months (November to Jnnuar,y). 

iii. l'...<?~. P..r:o_g__'-!-£'t;i,o!!• 

The total herbage yields for eaoh of ·the seven grass sward.a are given 

below (Ta.ble V and Figure VIT), covering a period f'rom establialmlent, 

arbitrarily standardized ai 16-th November, to the early po.rt of August, e. 

total of 245 days. 

Table V Total Mattet..,.~~.!?:! 

(l~ d.m. per aC:,£!)., 
____,_,_,___ ___ . . ,. -~---__,__...._.__...,.... 

• • ~ . 
• •-~duo~-" 
l Total : l I 

-,,-~• ... ····- i Herbag~_L Grass. s Clover. a Weed. " . ' .,,_ ... __ __,.... 
l • • . • • • 

Short Rotation Jtregrass : 7990 • 7310 : 530 • 1.50 • • 
Perennial ·.B;yegrasa t 6570 • 5270 : 970 • }30 . • 
Bred Yorkshire Fog : 7680 . 6130 r 1000 • 550 • • 
Commercial Yorkshire Fog . 6920 : li.850 • 1380 : 690 . • 
?reiria Grass : 7400 : 4310 • 1810 : 1280 . 
Ooclcsfoot . 7220 . 4210 . 1670 • 1.}40 • . • • 
Timo+~· : 6320 ; 2560 . 2270 • 1.590 • • 

Despite a oertain oompen.sating relationalrl.p between grass a.nd clover 

production there were considerable diff'erenoes :i.n the herbe.ge yields of the 

seven grass swards. The highest prnduotion (7990 lb. d.m.) "Ml.B obtained from 

the short-rotatjon ryegre.os end tl1e lowest (8.:;20 lb. d.m.) from t:i.motlzy. 

The selected Yorkshire fog line (7680 lb.,) produced 760 lb. more than the 

con:merc:ial material and g/:lve the seoc;nd highest yi•ld of all the grass 

varieties. By comparison• perennial ryegre.ss had a comparatively low 

performance under the prevailing oonditiona a.nd oooupied an intermediate 

position between cocksfoot and timothy. 

• 
Reference to the contributions of' the aov.n grass, olover and weed 

species, however, shows mox-e distinct variation in perf'onnanoe. Although 

total grass produotion follows a similar order to thitt of all herbage, the 

range encolllltered 'WS.S considerabq grei1ter, :frail 7}10 lb., d.m. in the case 

of short rote.tion ryegrass to only 2560 lb. from timotizy' • 
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Fig. 7. Total Dry Matter ?roduction -- 16 Nov. - 7 Aug. 
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stated prev.iouely, the contribution of th .over end weed component 

of each award ma invel;"Sel.y proportional to the vigour of the sown grass. 

Thus in the short-rotation r,yegrasa pasture, where approximately 90 per 

cent of the herbage from tho grass, clover production ma onl3 530 lb. 

d . m •. per acre over the whole period •. In cor.ipari.son, a clover yield of 2270 lb. 

per acre Vl8.S ha.rWQted from the tilno~ area • .Annual meadow grass (loa annua) 

and di09tyledonous weecls such as redshank (Eol:gonum ;eerstcaria) dock 

(Rumex SJ?.P• ) and twin-cress ( Oo:ronopus dic\mtis) contributed over 1000 lb. 

d. ra.; in the more slowly establishing prairie grass,. cooksfoot end timotl\v 

swards. They quickly suppressed by the more vigorous r.ye send 

Yorkshire fog varieties, however. 

iv. ,nal production and e;rowth SICz!:. ... 

Le:ir.Y 'dry matter production mean::, ror et-.ch of the nine growth ~riods 

are presented in Table VI and Figui'O VII, , alon 

range~ bet\'Yeen means.,., 

th the ahortest significant 

Table VI . Seasonal §.!:}'8tter Production - Tot.al 
(~b. P.!r ac~ Fir c§i). 

PERIOD 
1 2 - ~ 4 5 6 

Short Rotation 
RY'e6!:ass J2.J J9.8 22.2 lQ.4 l~.a 4'>.2 

~ •2 2z.o 12.6 2a.o 22. 2 26.z 
Bred Yorkshire !?a 21 ! J ~ . 1 J2.J M!~ 37.!t J2.8 
CoI:lmeroial York• 

l 

21.2 
28. 8 

26. 1 

shire Fos; 2J.O 21 •!t 31 .2 ~ s1 JO•~ J2oZ 20. 6 
Prairie Grass 21 . 2 2.s.z Ja.o 1+B.1 29. 6 2Q.6 2J. J 
Cocksfoot 20. 0 2a.6 22.2 ~ .o 2,8.6 21.z 20.6 
Tirooth.v _2J•2 2z.e .22•6 !t7 •!t 2~•~ 2;1'12 , 18. 2 
Shortest Signif'i-

cant rang, 
2 (Keans) 2. 7 2•2 6.3 z,6 5,9 !t .• 8 J.O 

Period 1 - 16 Nov. - 16 Deo. Period 6 - 2 
2 • 16 Dec. • 29 Dec. 7 - 5 Apr. - 13 
.3 • 2q. Dec. • 15 Jen. , 8 - 1.3 )(e_y - 26 J 1 

8 2 Kean 

2J.O 24.2 ~2. 6 

18. !t 11 . 8 26!8 

20. 6 21 .z ~1 . J 

17. 2 21 .J 28. 1 

20. 1 2J!~ J0. 2 

16. J 12.6 g2. ~ 
10. 0 12. ~ 2,2.8 

J.~ ,3, 1 

4 - 15 Jen. - 8 Feb. 9 - 26 Jan. - 7 Aug. 
5 ... 8 Feb. - 2 Kar. 

When the yields :xpressed in terms of the rate ot production a close 

association is obsened with the t 1rature rogime during the different 

periods of the year. The highest rate of total herbage production recorded 
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in late January and early Februaty when temperatw:·es. at the 4 in soil level 

averaged over 65°F. :curing this period the daily herbage incz·ement averaged 

over 40 lb. a.111. per day on all except the r,yegx-a.s1;; ai-ea.o. By Uo.y and June. 

however, the mean temperature had fallen below ;IJ°F end p1~oduotion \IIBS 

reduoed to around 20 lb. per day. 

Within the overall pattern of summer production peak and winter trough 

certain distinct differences were 110ted in growth rhythm between the seven 

grasses. In considoring these differenoos rei~erence w.i.11 be made first ot 

all to the 'l::ota.1 herbage pi'Oduotion in ea.oh period and then to the relative 

contributions of the sown grass, olovez· and weed species. 

(a.) Total Herba e roduotion. Reference has already been ma.do to the 

overall supremacy of' ahort rotation rye grass during the 245 daya under 

oonsidera.·l;ion. Thia was mainly due to vigorous growth in the periods 

following eatabliarmen-t a.nd in the cooler mon'ths of the autumn and winter 

(Periods 1 &nd 2 and 6 to 9 ). Under the conditions prevalent during thie 

partioular sUD1ner the short-rotation ryograss awe.rd was oonsidera.bl.y reduced 

in production. through the combined influences of high tempe1-a ture, soil 

moisture, detio1enuy and rust int'eotion. 

.Al though -the herbage y1.eld. was sigtlif'icantly lower ·then in five of the 

other swards during late Januar,y (Period ,._) the decline was much lesn aerioua 

than in ·the oase of' perennial 1-yegrasa, where rust in£ection was nore 

extensive and v:ie,:,ur -was veey low 'throughout iooat of December• and Jalll.18J:)". 

During the 17 day period fzpm 29th December - 15th January mean dail,y 

production was less than 20 lb. d.m. from the pereanial ryegra.ss whereas 
• 

tha.t on all other areas exot,eded 30 lb. d.m. per acre. 

I:n the latter part of the summer and earl,:y au tunn ( Periods 5 end 6) 

there was less variation between the areas than e.:.t other seasons, nearly all 

swards pz-oducing between ,30 and 40 lb. d:m. per day. The best produotion, 

however, came f'l'OOI. the bred Yorkshix-e fog, short-rotation r,yeg:r:'8.as and oooke­

foot. With the onset of' winter in the latter part of Mey and earl,y June 

(Period 8) a rapid decline was noted in the growth of perennial zyegre.ss and 

timotlzy- 1 the most productive av-ia.rda being those c,t 1.~hort-rota..·tion ryegnisa, 
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true during the height of the suumer (Periods 3 and ~), at the time 'When 

conditions were most suitable for clover growth • .Although the grass 

production of the prairie grass, oooksfoot and timothy awards was only in 

the region of 15 lb. d.m. per acre pex· day, clover and and weed g:t'owth 

raised the total to over 45 lb. The early vigorous growth of the short­

rotation ryegra.ss had resulted in the suppression of clover in the pasture 

and although the grass yield was above 25 lb. d.m. per d83' the total herbage 

yield only slightly exceeded 30 lb. per day. 

In the oaae of the more vigorous grasses such as the Yorkshire fog and 

the ryegrasses the trends in grass yield closely follow those already 

mentioned in x·ega.rd to total herbage. The growth pattern of the short 

wta.tion ryegre.ss 'MI.S very uniform throughout the experiment except for the 

slight decline in summer and winter. The daily incrooient remained within a 

::'ange of from 22.0 lb. d.m. to 36.2 lb. d.m. during the period recorded. 

The perennial ryegrass was generally less produotive and only compared 

closely in the late aut'Wllil. und early winter months (Periods 7 and 8). 

Variation in seasonal production was perhaps IOOre apparent than in any other 

grass under examination. 

The timothy, pru.irie grass and oooksf'oot areas showed slow growth in 

the early stages of the trial (Periods 1 , 2, 3 and 4) but were :interesting 

:from several points of view. 

Whereas the selected materiel maintained a relatively level plateau of 

growth between 20 lb. end J.+{) lb. d.m. per day, the commercial line he.d a 

more pronounced peak of pI"Oduotion in SUllliller foll&wed by a sharp decline 

until late winter Etnd eaz•ly spring. 

(o) pry matte~ oontent of~..£~.11~be.m.• A BLlillllEU'Y of the percentage 

dry Wt tter in the herbage of the seven swards is given in Appendix II. In 
' 

every oaae there is a seasonal trend similar to tha.t encountered from total 

herbage production. The highest dry matter oontenta, over 20 per cent in 

the case of t,he ryegrasses and prairie grass, are associated with the we.nn 

summer oonditions in January and February (Period 3, 4 end 5). Certain 

differences are almost xo.aintained between the individual species throughout 
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the duration of the experiment. Perennial and short-rotation rye.grass showed 

considerable a:lmilarity until le.te autumn and winter, being generally higher 

in dr,y matter content that the other species, at lee.st during the summer 

months. 

Both Yorkshire fog 'Garieties demonstrated a. tendenoy towards lower dry 

matter percentage throughout the yee.r then most of the other gra.ases. The 

main dispe.ri ty between the two lines coincided with their divergent 

performance during the latter part of the aunnner. While herbage produotion 

from the commercial ma.terial was muoh below that of the bred va.riety the dry 

rnntter content -was between o. 7 and 1.5 per oent higher. Thus differences 

whioh appeared considerable when viewed in terms of' green herbage were 

reduced to a certain extent on conversion to a dry matter basis. 

One general trend v.e.a established from all the observations, however. 

The dry matter content of the herbage in ea.oh grass sward o.ppeared to be 

inversely proportional to the vigour of growth. Thus, al though the short 

cn::e.tion ryegra.ss and tiznot}zy had mean dry matter contents of 20.24- and 

17 .90 per oent in Period 5, by Period 8 and 9 the latter was approximately 

2.5 per oent higher (18.04 and 20.75 per cent; 15.99 and 18.,58 per oent). 

(d) Botanioal oom sition. ~ta oonoeming the botanical composition 

of the sVi'O.rds at each of the nint? harvest dates are summarised in Appendix II. 

As mentioned previously• the oompoei tion during the second and third periods 

was extrapolated fran the nearest available recordj.ngs. 

Ono peroentage oomposition basis, the clover and grass contents of the 

seven pastures appear to vary widely. To a oertaiJ;l•extent, however, these 

differences are diminished when actual productivity is oonsidet'ed. Although 

the peroentage clover contribution to the oommeroial Yorkshire fog sward 

seems. to be considerably greater then in the selected material during late 

summer, the clover yield differs very little. In Period 6, the comparative 

proportions of clover in the bred and oomroeroJ.al swards -were 16 and 30 

per cent. The rate of olover production per day, however, wa.s much closex•, 

6.4 lb. d.m. per a.ore in comparison with 9.8 lb. 

Under the management system adOpted, the short-rotation ryegrass area.a 
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contained a very low proportion o-.f clover and "~ed. Fere1mial ryegrass 

exhibited similar e.ggressi ve trei ts at the oommenoement of the trial but 

allo-wed more inouraion o'f olover during the dry s,muner months. In the autumn 

and winter this sward oonte.ined approximately the same amount of olover as 

that of' the bred Yorkshira fog, betvi'8en 4 and 14 per cent. 

The oooksfoot, timotl'zy and prairie grass areas oontained a high 

proportion of clover and weed until the end of Januaz:y. :£tr l?eriod J+ most of 

the annual weeds had been eradioated by the frequent defoliation and little 

differenoe remained between the grasses in this respect. The major differences 

in clover percentage remained, however; a.t the end of the reoording period 

the timothy areas had 47 per cent of their production in the form of' clover 

and only 52 per cent as grass. On the short-rotation ryegrasa at-eas at the 

same time only 5 per cent of the herbage was derived from olover. 

Visual assesaments of' the quality and densi-ey of the pastures tend to 

favour the short-rotation cyegrasa, bred Yorkshire fog and ooaksfoot areas. 

Cooksfoot was perhaps the grass most suited to combination with clover imder 

the rotational nw1agement system and '\'IO\Ud seem to be e. suitable companion 

for prairie grass in the produotion of both ei.muner nnd. winter gro\vth. The 

prairie grass-clover S'918.rd tended to allow considerable weed j,noureion 

during the summer and a.t the same time produced flowering heads over a long 

period. 

Discuaeion. 

Agronomic assessment trials, despite seemingly minute attention to 

detail, require considerable caution in their t~;lation into farming 
• 

tenns. Before entering into discussion on the results of this oomparieon of 

Yorkshire fog and other grass speoiea, it is important to re-emphasise the 

limited duration of the reoord.ing period under oonsidere.tion. Much JDOI'e 

in:f'ormation would be required from early, spring production and performance 

over a period. of years before final conclusions onn be given as to the 

merits of' the indi v.i..dual gra.sses. 

Certain oonolusiona are, ho....ever, i.tmnediately apparent from the present 

experiment. The first oonoems the high production potential of Yorkshire 
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fog as a speoiea in oompariaon with even the beat of ... the existing grnases 

developed by breeding and selection. Its maximum rtite of growth ne 

approximately equal to that of the short rotation ryegraas (33.0 lb. d.m. 

and }6.8 lb. d.m. per day respectively during Period 6) and showed lees 

sueoeptibility to decline under dry summer conditions. lllthough this infozm­

e.tio:n substantiates the previous findings of Watkin (1960) in the Canterbuxjl· 

Plains, it would not be correct to ple.oe too muoh emphasis on drought 

resistance as an all-important factor in deciding on the usetulneas of a 

grass in the hill country of weatem North Islilll.d. The year in consideration 

was undOubtedly abno:rmal in regard to rainfall ond although the ryegrasses 

have been observed to suffer to sane extent in tht~ sUI!llner it is unlikely 

that they would do eo to the degree recorded in 1960. In the trials carried 

out by SUokling ( 1960) in high rnin!'all countx-y at Te Awa, the highest 

summer production vros attained in a perennial ryegrase sward, 10,l•.50 lb. d.m. 

being produced between tl1e beginning of l'bvember and the end of J anuaxy to 

comparison to 4,760 lb. d.m. from Yorkshire fog. 

The seasonal growth rhythms of' each species ?i18re closely related to 

those obaerved in many previous trials, the autumn production of cooksfoot 

and the winter growth of prairie grass being outstanding oharaoteristios of 

the two grasses. One of the rnost interesting features, however,· was the 

eff'eot of' selection on the persistenoy and seasonal gro-wth pattern of the 

Yorlcshire fog. The oommeroial material exhibited similar responses to those 

observed on spaced plants derived :f'ran. the are.ble area.a of South Island 

(Baenyat, 1957). In late spring, growth was slightly more vigorous than in ... 
• the bred variecy-, probably because of the p}zy"siologioal ohangea assooia ted 

with earlier and more prolifio flo,...ering. The commercial line certainly 

demonstrated a greater tendency to head in the sward and it is probab]3 for 

this reason, more than aey other, that tiller mortality ooourred during the . 
late summer, resulting in a oonsiderable decline in production. 

The overall excellence of the bred Yorkshire fog substantiated the 

reliance placed on spaced plant selection in the improvement of the speoies. 

Although the material used only represented a oross-seotion of the 32 perennial 
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The exact delimi te.tion of the border between the two categories, 

however, will require considerably more :f'undamente.l knowledge of the 

ag:ronoII\Y' and plvsiology of. the individual grasses. In particular, attention 

must be given to the efficiency of the conversion of .nutri.ente into herbage. 

, .... -~ 

... 
• 
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In tho development of this discussion on the agronomic end genetic 

potential of Yorkshire :fog a.a a pasture grass for margi.J1el areas, consider-­

able emphasis has been placed on the need to make more e.dequate appraisal 

of the environment in pasture plant breeding and selection. 

Al though plant breed.era in New Zea.land have not adopted the extreme 

policy of developing a new grass variety and then oomme.noing to search 

f'or a suitable e.griculture.l niohe for the result ot' their endeavours, there 

hes been a tendency to breed with high fertility condi ti.one in mind. 

Concentration has been plaoed on a limited range of species, mainly the rye­

grasses, to fill the requirements of North and South Island, fertile end 

less fertile land, lowland and hill alike. 

Tm.a policy was undeniably oorreot in the early s tagea of plant breeding 

in this country, when the demands of the more productive lowlands necessitated 

the concentration of the limited resources available. In future yea.re, 

ho-wever, the continued eoonanio surviwl of' the nation will become tm:>re and 

more dependent on the intensi.fioation of farming on the large areas of 

marginal land existing in both the North end South Islands. 

This develcpment will require the full ooopere.t:i.on of the plant brc:ieder 

in produoing material ce.pal:>le of survival under systems of low intensity yet 

poaaessingthe ability to respond rapidly when conditions are improved through .. 
Qerial topdressing, inoree.sed stocking and grea.tei- aubdi vision of' the land. 

One possible souroe o:f' such genetic material will be found in the grasses 

with medium fertili t;y requirements suoh o.s Yorkshire fog • 

It has been shown by en analysis of the range of adaptive variation 
' 

that this gre.as he..s beoome oondi tioned to the natural selection pressures 

of the New ?Aaland environment. As an out'breeding speoies it ha.a r(:aponded 

to the wide range of' olimatio sequenoe enoountered in this 001.mtry, producing 

an edequa te nucleus of variable material to i.varra.nt a f'ull selection 

pz'Ogre,mme. 
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On the be.sis of the existing knowleclae of the species, the moat 

suitable gene source ror breeding towaz·ds a varie\y for the more humid hill 

a.reaa is tha.t located in the western po.rt of North Island. The populations 

observed 1n this region have developed inherent oharaoteristios of 

peraistenoy, sustained produotion, and resistenoe to rust infection to a 

JnUch greeter extent than the loc.al ecotypes from eastern North Island and 

the arable area.a of South Island. 

At present, selection has 1na.inly centred on material derived tram the 

:M:anawatu aree and there is need for a closer investigation of populations in 

other parts of western North IsJ.and. It' even grea.ter winter growth is 

required, for ins·tanoe, attention might be paid to Yorkshire fog ;?()pul.ations 

from the sub-tropical areas of North .Auoltland rather than introducing 

materia.l :from Spe.in or .Portugal (Barclay, 1960; Dorrill, 1961 ). 

Response to the selection towards an i.mprowd agronomic type of Yorkshire 

fog has proved to be extremely rapid, probably because the me:teriel was at 

the primary stage of selection. The greatest overall improvement was 

undoubtedly that obtained in the reduction of headi.ng and susceptibility to 

orown rust and the attainment of a semi-prostrate habit of growth.· 

Despite a concentration on selection wider spaoed plant oondi tions, 

however, the vigour of ttle improved material is markedly superior to tha.t 

o'bserved in ocmneroial materia1, partioule.rl3 in the period following 

flowering. Future selection !'or inoreased yield, on the other hand, will 

most oertainl.y require greater knowledge of the plzyaiologioal processes 

involved. In particular, it will be eneential to obce.in more ini'orme.tion on , 

the hill environment and such fea:turea es the utilisa. tion of s<>il and 

fertiliser nutrients by different genotypes. 

The close agrcemen t be tween the perfo:nnanoe of the speoies :i.n the 

' e.gronomio trial and prediotiona made tran oon·trolled environment studies 

suggests that phytotron investigations v,,ould pI'OW inw.luable in selection 

for the hill environment. In an improved veI'i.ety, adaptability is essential 

a11d screening would bo carried out most expedierl'tly by this method. 

Work at Grasslands Division (!tiouat, 1959; Jaolana.n, 1960) hes e.lreacy 



shown the possibili-cy of' eeleotion for high nutr:i.ent .. utilisation on the 

basis of J:'OOt oation exchange capaoity and this approe.oh should be t\llly 

investigated. 

In oonolueion, it may be etated that a. suitable osae has been presented 

for the stuey- of the genetic potential of' other ,gre.sses such e.s l)mthonia . ----·--- -... ""' ..... 
pilosa and A&ostia tenuis. Despite thtl f"e.ot the.t the introduction of' new 

species is in vogue all over the world, it is unlikely that grasses whioh 

are not e.lready established in the hills of New Zealand will have aJ.)¥ greater 

potential. The ma·terial is present and wiuting, waiting :for utilisation. 

... 
• 



Following a study of.' the potential value of Yor.kehire fog (HolO':,!! 

lM18.tus) a.a a pasture grass in the more :me.rgina1 :farming areas of New Zee.land, _..,_,_..,, __ 

selection was carried out in an extensive collection of material a .. dapted to 

different looal environments. 

In the developnent of' a synthetic variety of this grass for the wetter 

hill areas of North Islend the moat suitable genetic material we.a found to 

be located. in the districts of Manawatu, Vloke.to, Taranaki and Wanganui. 

Ebpule.tions from these regions exhibited persiatency, sustained vigour 

throughout the year and high res:Lstanoe to leaf' de.mage fran crown ruat 

(l?UAO~--~ffill!I.~). Plants from drier arees in eastern North Islend end. the 

ereble e.reas of sou·th Isle.nd were frequently o:!' a eho:rt.ed lived ne. ture aud 

demonstrated a tendency tov.,ards unclesirable ohaz"aoteristioa 21uoh o.s prostrate 

growth habit, prolific heading and strongly pubescent .foliage. 

The progeny testing of 32 potential parent plants during 1959 end 1960 

as l,Inssey College resulted in the seleotion of' 10 lines showing high 

gencZ'(:11 canbining ability for maintained production, adaptability to ·three 

different soil types, l:ilni ted heading and rust resistance. 

Selected material was Oomp6red with a c::,mmeroial line a11d f'i ve other 

species in a sward p1·oduoti vi ey- trial conducted under simulated condi tione 

of medium ferti1i ty and rotational sheep grazing. The bx-ed vnriety oanpe.red 

fa.vourabl3 with perezulie1 cyegre.es in growth during dxy summer oondi tions 

and the low temperatures of winter. .. 
The selected 1naterial also shOV1'8d oonsidere.ble impxovement over the 

oharacterio tics of' the oommeroial line in produotion iJ1 the period following 

heading. 

The need is stressed for .further in"leatige.tion into the potentialities 

of other medium fertili-ey species in New Zealand. 
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• 2-11 1-4- lle.saey College 

2-16 ;-16 Oteld. 
2-21 1-26 l4aaaey Oollege 

• 3-5 1 .. 20 Maeaey College 
3 .. j 5•22 Dargaville 
.},-12 1 ... 15 Mast!J/11' College 
3.15· 2-1 Kaseoy College 
4-l 1 ... 18 Kassey College 
~ 2-1 Jlaaaey College 

• 4-7 1-ll Kassey College 
• 4-18 2•28 Ma.tame.ta. 

5-8 1•28 Massey Colloge 
5-~ 2-21 Tongap\ll"Utu 
5-12 .. 1•5 Ke.ssey Collego 
5-15 2-2 Palmerston N. 

• 6-3 2•11 Tokomaru. 
6-5 2-22 Palmerston N. 
6-15 2-17 WaDganui 

It! ,i 
1-19 1-16 Massey College 
1-22 2-1 ).{assey College 
2-6 3-,.1} Masterton 
2-1~· 2-28 Ma.teme.ta 
2-22· 1-23 Massey Colh}ge 

• 3.1.3· 2•28 Katamata 
,-22 1-6 Massey College 

• 4-3 2-l Massey College 
J+.-16 1 ... 21. Kassey College 
J+.-22 1-16 Massey College 

• 5-2 l-6 Massey College 
S.-11 1-5 Kassey College ... 

• 
Note • final seleotiona. 



TABLE 1. Ftrat Obseruat ton -_______________ ,._,,.. - ... ' .. _____ _, ..... ._,,---~-----
Oode REPLIOATE Mean 

Ba11k 
No. -r--2~--~ Soore ~-------.............--------------

1 4-18 7 ,. 7 7.6 7.8 B.2 6.0 7.,46 
2 5-12 6.5 7.0 7.9 7.4 7.0 7.16 
3 3- 9 5,3 7.4 6.9 B.2 7.7 7.10 
4 5- 2 4.8 6.4 8.0 t3.4 7.,3 6.98 
5 4- 4 6.,5 7.4 6.5 7.2 6.5 6.82 
6 2-11 5.5 7,A 6.8 7.5 6.5 6.74 
7 6- 3 5,.2 6.6 8.2 6.9 6.3 6.64 
8 5-11 5.5 6.8 6.6 7.8 6.3 6.60 
9 4- 1 7.1 7.4 5 .. 8 6.5 6.1 6.58 

10 4-16 5. 1 7.0 6.8 7.9 5.5 6.46 
10 2- 6 5.0 6.6 6.8 7.6 6.3 6.46 
12 1- 4 4.7 6.6 7.4 7.4 6.o 6.42 
13 5- 8 5,,2 6.3 6.4 7.2 6.5 6.32 
14 

", 
4- 7 4.9 5.9 6.7 6.6 6,8 6.18 

15 6-15 4.8 6,.4 6.4 7.3 5 •. 9 6.16 
16 3- 5 5.,2 6.7 6.1 7.3 5.4 6.14 
17 6- 5 5.2 6.7 6.3 6.o 6.3 6.10 
18 4- 3 5.9 5.6 4.8 6.7 6.2 6.04 
18 3-22 5,.0 6.7 5.7 7.3 5.5 6.04 
Z) 3-15 4.9 5.7 5.8 7.7 6.o 6.,02 
20 1-19 5.9 6.6 5,5 7.9 4.,2 6.02 
22 3-13 5.2 6.3 65 . . 5 .. 6 5.9 5.90 
23 1- 1 5. 1 6.1 4.9 6.4 6.1 5,.72 
24 2-21 4.9 6.3 5,,9 5,,7 5,,_; 5.62 
24 5- 9 4,,8 6.3 5.0 

... 
6.7 5 •-' 5,.62 

26 4-2< 6.0 6.1 4.8 6.7 4.3 5.58 
27 3-12 3.,8 5.6 5.6 7.1 5.7 5.,56 
28 1-22 4.3 4.9 5 .. 3 7.0 5.5 5.,40 

29 2-16 3,,6 6. 1 6.o 5 \;) 
• r..1 5.4 5.38 

30 5-15 3.7 6.0 '5,,6 5.5 5.8 5,.32 
31 2-19 4,.2 6.2 5. 1 5.8 5.0 5.26 
32 2-22 3 •. 9 5.9 6.3 4~ 7 4.7 5 .. 10 _________ ,_.__._,_._,_....,..__,... ________ .. ___ ,,,., 



T~ 9.9.~.e,r,p~~ i.on - •.• 2nd «TCJ!!.~..1.2.@ 

; " ' . ,) ~------------1...._,_~_________,_..__,,._._..__... 

Oode - BEPLIOA:I.'E - Mean .Ran~ No. 1 2 3 ,.4 5 Soore 

1 2-16 6 4 7 7 4 5.6 
2 5-15 5 4 7 5 4 5~0 
2 4- 1 4 3 7 6 •]ft 5••' 5.0 
4 1- 4 4 4 5 6 5 4.8 

4 .3- 5 4 6 10~ 4 5 4.8 t 
6 2-22 4 6 6 3 3 4,.4 
6 2- 6 7 5 4 3 3 4.4 

8 6- 3 5 4 5 .3 3 4.0 
8 5:..15 3 6 5 3 3 4.0 

10 4-22 5 4 4 3 3 3.8 
10 1-22 4 3 6 .3 3 3.8 
10 3-12 5 6 3 2 .3 3.B 
13 3:..13 3 3 6 4 2 3.6 
13 5- 2 4 3 5 1 5 ,3,, 6 
1.3 1- 1 4 6 3 2 B• 3@6 t 
16 4- 7 9Jil 4 3 6* 3 .3.4 t 
16 4-18 3 10* 7* 3 4 3.4 t 
16 5-11 4 3 4 4 2 3.4 
19 5'1' 8 4 4 5 2 1 3. 2 
19 2-11 4 3 4 5* 2 3.2 t 
19 6- 5 3 4 6 2 1 3 .• 2 
19 1-19 2 3 5 .3 3 3.2 
2.3 4- .3 3 4 2 .3 .3 .3, 0 

23 4- 4 5* .3 4 .3 2 .3..0 t 

25 .3-15 4 .3 4 1 2 2.8 

25 5-12 3 4 2 .3 ~ .. 2 2.8 

27 5- 9 2 .3 3 2 2 2.4 

27 3-22 3 3 2 1 3 2.4 
29 2-21 2 2 3 2 .?. 2.2 

29 3- 9 2 5~ 4 ? 
""" 1 2.2t 

31 2-19 2 1 2 2 2 1. 8 
32 4-16 2 2 2 1 1 1.,6 

- -
* IT\fl,a·tea ua.1,ue due to bo1•der e;f;/'eota 
t .Adjusted mea.n 



:£.6BLE .1:....-..Xh ~ ~ . Qbae 7:pat !2?! .- ~ 'P.JLl!.b,?:~1=-.t , .. ..126Q 

- --· --
Gode RE.PLIOATE Mean 

Ran,11; No. -,-··---r--r-:r---:;-- 8001'6 -------------------"------------------..-.•__,___,_.... ...... ,, ___ ,,. ., 3- 5 8.0 8.5 8.1 7.3 8.7 8.12 
2 5-15 7.3 8.4 8.7 7.7 8.2 8.06 
.3 2-21 8.7 7.8 8 • .3 7.7 7.5 8.00 
4 4-18 8.2 8.0 8.6 7.4 7.2 7.88 
5 5-12 9.1 7.1 7.5 7.8 7.2 7.74 
6 3-15 7.8 B • .3 8.3 6.8 7.4 7.72 
7 4- 7 7.9 7.5 7.4 8.1 7.4 7.66 
8 6-· 3 7.4 7JJ 8.0 7.5 7 ,.-.::> 7.64 
9 1- 4 8.7 8.3 7 • .3 6.4 7.2 7.58 
9 2-11 7.9 7.4 i:,.o 7 • .5 7.1 7.58 

11 6- 5 B.3 8.0 7.9 6.6 7.0 7.56 
11 4- 1 7.2 7.9 7.9 6.8 8.0 7.56 
11 2-16 8.,2 7.7 8.0 7 • .3 6,,6 7.56 
11 2- 6 6.o 7.6 7.2 7.5 7.5 7.56 
15 6-15 7.6 7.4 7.7 7.5 7.5 7.54 
16 3-12 7.3 8.0 7.9 7.1 7.3 7.52 
16 1- 1 7.5 7.3 7.6 7.3 7 •. 9 7.52 
18 4- .3 7.7 8.2 7.1 7.0 7,.5 7.50 
19 2-22 7.9 7.4 8.1 7.0 7.0 7.48 
2) 5- 8 7.9 8.2 7.2 6.9 7.0 7.44 
21 4-22 7.5 8.0 8 ,, . .:;. 6.9 6.5 7.42 
22 3- 9 7.1 8 • .3 7.7 6.5 7.3 7.38 
22 1-19 6.8 7.5 8.0 7 • .3 7.3 7.38 
24 3-13 7.9 6.5 6.4 7.1 6.9 7.36 
25 5-11 8.,3 7.7 6.5 6.5 7.4 7.28 
26 4- 4 7.6 7.1 7. 1 6.s~· 7.4 7.20 
27 1-22 7.3 7.6 7. 1 7.1 6.7 7. 16 
28 5- 9 7.1 7.2 7.6 6.8 7.0 7.08 
29 4-16 7.3 7.1 7 ❖ 4 6.6 7.0 7.08 

30 5- 2 6.3 7. 1 8 • .3 6.9 6.2 6.96 
.31 3-22 7.5 7.9 6.9 5.8 6.5 6.92 

.32 2 .... 19 7.3 6.7 6.4 6.~l 6.9 6.70 
,,:-.r-,_... 





.APP.ENDIX I -

~ft'h, Obsarua.tton ~ 

_____,,,-~-------------------------....... ·~ 
aoaa BEPLIOATE Mean Ban~ ~~---.........,,..·--
No .. 1 2 J, . 4 5 Boore - .,..._.,....__, ...... ~--~----

1 1 ;_ 1 5',,2 4'.3 4.".9 4.5 6.o 4.98 
1 4 ... 3 511; 1 4,7 4.5 4.7 5.9 4.98 

3 3-13 4·.5 4.6 5.0 5.4 4.6 4i,82 
4 2~11 4,3 4.3 4.5 5~7 5.,2 4.80 
5 4-18 4.8 5.,2 5.0 4.4 4.5 4.78 
6 5-12 5.3 3.8 4.9 4.,9 4.9 4,,76 

7 5- 2 41112 4.5 5,.0 5. 1 4.6 4.68 
8 4- 7 4.,7 4,,3 4.3 4,,9 5., 1 4,,66 

9 5-15 4.6 4.4 4.5 5.3 4 7.' 
";) 4.62 

9 4- 1 4~7 4.4 4.5 4,,2 5.3 4.62 

11 3~ 9 5.,2 4.4 4.5 4.,3 4.5 4.58 
11 1- 4 4.9 4.4 4,.6 4.,3 4.7 4.58 
1 1 4- 4 5.0 4.6 4.2 5.0 4. 1 4.58 
14 2- 6 4.4 4.,7 4.5 4.,8 4.4. 4.56 

15 6- 3 4 ,., ",.. 4. 1 4.6 4.8 5.,0 4.54 

15 3- 5 4.4 4.4 5.3 4.0 4.6 4.54 
17 1 .... 19 4.9 4.6 4.5 4.2 ~i.4 4.52 
18' 6- 5 4.,4 4,,2 4.1 4.7 5.1 4.50 
19 2-22 4.4 4.,0 4.5 5.0 4,,4 4.,46 

19 5 ... 8 4.,6 4.6 4.'2 4.0 4.,9 4.46 
21 4-16 4.5 4.4 4.6 4"3 4,.4 4.44 

21 4-22 4.9 4.2 4.8 4,,4 3.9 4.44 

23 3-15 4,, 1 4.,4 4.7 4.3 4.,6 4 .. 42 
24 2-21 4.5 4.,6 4.9 4 .. 0 4.0 4.40 
24 2-16 4.5 4.2 4 .. 3 4,.8 4.2 4.40 
26 

... 
4,.36 5- 9 4.0 4.3 4.5 • 4.1 4.9 

26 6-15 4.,4 4 .. 4 4.7 4., 1 4.2 4,,_36 

28 3-22 4. 1 4.6 4.2 4.0 4,.6 4.,30 

29 1-22 4.7 4.0 4.3 4.3 4. 1 4 .. 28 

30 2-19 4., 1 4.5 3,,8 4,, 1 4.,8 4.,26 

31 3-12 4. 1 3.,7 4., 1 3.9 5.2 4.20 

32 5-11 4.3 4.2 4., 1 3.9 4,.4 4. 18 

- ------------
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PABLB 6. _st:.cth. Obaervatton - .. 26th A .fl~~£ .• 126Q 
lllllllfllC C• • I 

-- -
Ood.e BEPLIOATE Mean. Banlt 

_, .. ~ 
I F I. • I - I --- --.-.~ 

No. 1 2 .3 4 5 Boore ,_ ..................... ____........._.~-----------
1 4-"I 5.2 3-. 2 3.2 3,,2 4.2 3.80 
2 5 '") -..:. 2.9 3.8 4.,7 3.7 .3.8 3.78 
3 4-18 3.9 4.,0 4,. 1 2.7 3.4 3.62 
4 1-19 4.0 .3. 8 3.0 3.,4 3.7 3.58 
5 1-1 4.2 3.2 3 .. 4 2.6 4.4 3.56 
6 3-13 3 • .3 4. 0 3.9 2.9 3.4 3.50 
7 5-12 3.6 3. 1 3.8 3.6 3,, 1 3.44 
8 6-5 3,9 3.2 3.5 2.7 3.5 3.36 
8 6-3 3. 1 3,7 .3.5 3.9 2.6 3.36 

10 4-3 3.6 3.6 3.6 3.2 2.5 .3 •. 3'0 
11 4-16 3.7 3.6 3 • .3 .3.0 2.7 3.26 
12 3-9 3.7 3.3 3.2 2.8 3.1 3.,22 
12 5-15 2.5 3.5 3,6 3,1 3.,4 3.22 
12 3-12 3 .. 1 3.2 3.5 3.3 3.0 3.22 
12 2-6 2.5 3.5 3.9 .3.0 3.2 3.22 
16 4-22 4,.2 3.4 3.4 2.3 2.7 3.20 
16 3-5 3.3 3.0 3.6 2.7 3.4 3.20 

-16 3-15 .3. 1 3 .. 4 3.5 3.,0 3.0 3.20 
16 1-4 3.4, 3.2 3.1 2.4 3.9 3,,20 
20 1-22 4.1 2.7 3.2 3 .3 2.6 3 .. 18 
:;.o .3-22 3.0 4.,0 3.,3 2.6 3.0 3. 18 
22 5-8 2.8 .3.4 .3.5 3.,0 2.8 3. 10 
23 6-15 2.9 2.9 .3.2 3.2 3.0 3,04 
24 5-11 2.0 3,.7 3,.3 2.7 .3.3 3.00 
25 4-4 3.2 3.2 2.7 

,.., 
2:0 3.1 2.96 

26 2-22 2.9 3 .. 2 2.9 2.6 3.1 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.,8 2.90 
29 4-7 3.0 3. 1 2.9 3.0 2.4 2.88 
30 2-11 2.2 2.6 ·.3. 1 3 .. 0 2.8 2.74 

31 2-16 3.4 2.1 2.8 2.4 2.4 2 .. 62 
32 5-9 1. 7 2.8 3.2 3.0 2,.3 2.60 

- .... ... . .......... 



APPENDIX I -

TABLE . Firet Obeeruatton - th, Februar 

--
Ban~ Gode REPLIOA1.'E Mean 

No. ~~ "5 • Boore -
1 5-11 0.3 0.5 o.o o. 1 0.3 .24 
2 3-12 o.6 1.7 o.o o.o o.o .46 

3 3-15 1 .9 0.3 0.2 o.o o.o ,,48 

4 1-14 0 .3 0.8 0.1 o.B 0.5 .50 

5 5-8 O.J 0.7 0.5 0.9 0.,3 .52 
6 2-11 0.2 o.6 0.,9 0.,9 0.2 .56 
7 5-2 0~9 0.5 0.7 0,.3 0,,6 .. 60 
8 3-5 1.9 0 • .3 0.9 0.7 0.3 .64 
9 4-16 0.5 1 .5 0.3 0.9 o.s .74 
9 1-19 0.3 0.8 o.6 0,.6 1.4 • 74 

11 2""!021 1.4 0.3 0.4 0.5 1.2 .76 
12 6-5 1.,2 0.7 0.9 0,,8 0.3 .78 
13 4-3 0.,3 o.6 1 .3 1 .3 0.5 .80 
14 3-13 0.5 0.,6 0.,9 1,,3 0.9 .84 
15 5-9 1.5 1. 6 0.2 O .3 0,.7 ,.86 

16 1-22 1 .4 0.2 1.0 1 .4 0.4 .BB 
17 5-1.5 1.4 1.0 0,.2 1.0 1. 1 .,94 

·17 3 .. 22 0.7 1.4 1,,0 0,.4 1. 2 .94 
19 3-9 o.6 ., .3 0.,9 1.4 o.6 .96 

I 

20 1-1 0,,8 L,7 0.3 0.7 1,,6 1 .02 
21 6-15 0.5 1.3 0,.6 1.,2 1.6 1.04 

22 2-22 0.,9 1" 1 LO 1.5 0.8 1.06 
22 2-19 0.9 1.0 0.8 1.2 1.A 1.06 
24 5-12 0.5 1,.6 0.3 2,~ o.s 1.08 

25 4-22 1,,4 0.5 0,.7 1.8 1 .3 1., 14 

25 4-4 1. 6 O .3 1. 7 o.6 1 .5 1., 14 

27 4-7 2.7 1.3 o. 1 0,.6 1 .. 4 L22 

28 2-16 1.7 1.5 1.,2 o.6 1 • .3 1.26 

29 6-3 0.8 0.9 , 1.9 2.0 0.9 1 .. 30 

29 4-1 1.4 1.,3 1,,, 1 1.4 1.3 1 .. 30 

31 2-6 2.4 0.9 0.7 2~0 1_1 1.42 

32 4-18 0.9 1.,4 2,.2 1.4 2.1 L,60 

----•= I • •••------------•_....,_,., •• ••- ...... ·-



APPENDIX I ---- _,__ 

s 

t;r.ABLE B. - Seoond Observatton-2 rd, MGrah 1 60 

--------~--~----.._.------------. 
Oode 

BHPLIOATE Mean. Ban~ .No. - 2 4 
,_ 

Boore 5 ~--------~-·-·--·-··-------------------
1 2-11 0.2 1 .o 1 .5 o.4 0,,2 ,.66 
2 5- 8 0,8 o.6 o.6 1.0 0$7 ,.74 

3 5-11 1.2 1.4 0 .1 0.9 0,.2 .76 
4 3-12 1,.2 1 • 1 O,.j o.6 0,.8 .BO 

5 4-16 0.8 1.8 0.9 0.7 0.5 .94 
6 4- 7 1,.4 1.1 0.9 0.4 1 .o ,.96 

.• 

7 2-21 2.2 0.5 0,,8 0.5 o.9 ,.98 
8 4- 3 o.B 1.0 1. 8 1 ,.3 o. 1 1,,00 

9 1- 1 1,.8 1. 6 0,.4 0.5 0,.8 1.02 

10 ·t- 4 1 ,,4 1,.4 0.7 1 ,4 o.6 1,.10 
11 .3-13 1.2 1,.0 0.7 2.0 0.7 1. 12 

12 5- 2 2.1 L.4 1. 1 a.a 0,.4 1. 16 
13 5- 9 2.4 1. 7 0.7 0.5 0,.6 1. 18 

14 3-1.5 .3,.0 1
111 

1 0,.9 0.4 0.7 1.22 

15 3- 5 1,,,3 2.4 1 .4 0 .. 9 0.3 1.26 
15 5-15 2.7 1.2 o.6 0,,9 o •. 9 1.26 
17 1-19 1. 8 2.2 0.7 0.5 1,. 7 1 ~38 
18 4-18 1.0 1.5 1., 2 1 ,. 1 2.5 1 $46 
19 6- 5 ') 5 .t::,. 2.0 1 .5 1.2 0.5 1.54 
19 1-22 2.8 1,.8 1 • 1 1.2 0.8 1.54 
21 5-12 0.4 3,.7 1" 1 1,,8 1. 1 1,.62 
22 2-22 2 7. . ;:; 1. 8 1.8 1.6 0,,7 1. 64 

23 2-16 2.4 2.7 1 .9 0.3 1 +4 1.74 
24 4- 4 2.7 1.5 1. 8 1 8 .#, 1,,2 1.80 

• 1 .86 25 4-22 2.5 2.,4 0.,8 1 • 8 1.8 

26 .3- 9 1 .4 2.8 2.2 2.2 o.8 1,,88 

26 3-22 2.4 1,,9 1.9 1,,4 1.8 1 .. 88 

28 6-15 1. 7 2.2 2.1 1 .,8 2.4 2.04 

29 6- 3 1.7 2.9 1.9 2.4 1 .4 2.06 
' 30 4- 1 2,,9 3.0 1.9 1. 6 1.3 2.14 

31 2- 6 2.9 1.9 1 ,9 2.4 2.1 2.24 

32 2 ... 19 3.0 2 .. 4 1,,0 1,,9 3.0 2.26 
-- ........ ._. 



Spaoed,_f'l,~t«! .!~.t Sooree o-
- - -ants 

TABLE 2· Thtr& Observation - th,~ 
~-------.....-....,.........., ............... 

BOOR: Oode B. E P L I O .A T E Mean 
No. --i---~--r--.r----s- Boore --

1 2-21 2 • .3 2 • .3 1 ,1 • '+ 1. 8 2.3 2.02 
2 3- 5 2.3 1 .8 2.2 2.3 2.0 2.12 
2 3-12 2.4 1. 8 2.3 2.1 2.0 2,.12 
4 6- 5 1.9 2.1 2.3 2.2 2,.2 2.14 
4 5- 2 2.6 2.J 1.9 2.1 1. 8 2.14 
6 4- 3 1. 7 2.1 2.8 2.4 1. 8 2.16' 

6 1- 4 1.5 2 .. 4 2.3 2.5 2.1 2.16 
8 1- 1 2.1 2.4 2.5 1 .9 2.0 2.18 
9 2-22 1.7 2.5 2.4 2.2 2.4 2.24 
9 4- 7 2.7 2.5 2,.0 1 .9 2.1 2.24 

9 3- 9 1. 8 2.5 2.3 ,., 3 
.::: . 2.3 .24 

12 4- 4 2.1 2.1 2.6 2.1 2.4 2.26 
·12 4-16 2.6 2.0 2.1 2,3 2.3 2.26 
14 3-13 3.0 2.0 2,0 2.3 2.1 2.28 
14 3-15 J,.2 1 .9 2. 1 2 • . , 2.1 2.28 
14 2-11 2.5 2.6 2.4 1. 8 2.1 2.28 
14 1-22 2.4 2.2 1 .9 ,., 5 

•'-• 2.4 2.28 
18 5- 9 3.5 2.6' 2.1 2.0 1.9 2.42 
19 4-18 2.9 2.2 1. 8 2.6 2.7 2 .. 44 
20 2-16 2,.4 2.8 2.1 2.3 2.7 2.46 

20 1-19 2.3 2.3 2.7 2.5 2.5 2.46 
22 5-15 3.0 2.3 2.4 2.1 2.6 2.48 
23 3-22 2.5 2.4 2.4 2.5 2.7 2.50. 
24 5- 8 2,.6 2.4 2.6 2,.6 ,.) 5 

'• 2.54 
25 4- 1 2.4 3"0 2.5 2,'1- 2.5 2.56 
26 6- 3 2.3 3.0 2.6 2.6 2.4 2.58 
26 5-11 3.2 2 • .3 2,5 2.7 2,2 2.58 
28 4-22 2.9 2.5 2.1 2.7 2.,8 2.60 
29 2- 6 2.B 2.5 2.2 2.7 2,.9 2,62 
30 5-12 2.4 3,2 ·2.7 2.7 2.5 2.70 
31 2-19 .. 2.7 3.0 2.5 2.5 ,2.9 2.72 
32 6""'.15 3.0 2,8 2,.6 3.0 2.8 2.84 

--...---.~-----------··--- -·· 



. ternal 
Line&. Total 

.u • 

.... -.. 
-• 1l...A ·• ---· l ... 

• 1, - , A l 
• -,-12 -... -• -

1 ... 19 1 
1-22 • 
2- 6 l4 
'.-19 • 

2-22 -• ,_lJ • ... ... ,.. .. .. 
·• 
• 
2 -
• 

12.s· 

0 4-
3lt, -19 l 

4- 7 - 1 u ~ -

a 4, 
9 1 
2 2 a, 2 
9 -1 

16 7 
19 !I. 
10 -

"'! l 
6 l 
8 4, 
r; g 

34, -,, -
lt-9 2 
21 l 
36 ' 14 1 
2la. -
31 l 
21 ' ,, 2 

----- - ---- ·-------• 

.. 

... 
• 

,. ,lll:1&U,II 

10.12.s 

11, 
65 
75 

200 
i. 
140 
110 
:i.lo 
l.10 ....... 

110 

lko 

40 
v..o 

1Eio 

JS 

.n) 





-~-Souroe qt 
~.~ 
Bep1toa.tes 

I 
~peotee 
.l!,rror 

= 

3 
6 

14 

• 

( 2) 

~ 

'Vartanoa 

I .. . • I 

• 
• 

0.0882 I 0.0291 
0.1731 I o.02a9 

-~~~~-~~ 
0.5439 

= ✓ • on, == 0.031623 

(3) (4) (5) (6) (7) 

• • 1 • • • • 

• 0 0 • 1 • 1 $ 1 • 1 
..... a-.-ii .. _.;;..;...,...;,_...,..;,_,..;w...., • ... 

• 

.Pru matt~r ilt.el££Laor~: 
517 503 408 392 372 361 353 



1'ntrcL Harvest -

. or·t; .Rotatton Ryegra..aa 
farenntai Ryegraea 
~raa Yor~ahtra Fog 
:Oom.m,erota..1, Yor1taht1•e Fog 
[Prat.rte G7"a..aa 
!aoo~a;foot 
:Ttm.oth,y 
' 

• 709· ., 63.3 • 857 i .575 
.468 .453 .467 . • 285 
• 708 ~477 • 823 i • 753 
• 604 .5.33 .968: .586 
.902' .676 1,.629 .640 
• 842 .561 , • 889 ,.481 
• 742 • 625 1 .068 • 606 

----) 
2.774 
1.673 
2.761 
2.691 
3.247 
2.773 
.3 .041 

~~-----........ ------------•-----------; . .. . 
-----------------------------i 

• • m.. t 

, i I --T----+--~~...-,... ........., .,_,. ______.... _. __,..._. ~ 
i Bapitoa·tea · 3 i 0.4546 \ o. 1515 1 12.9~ 

Speotea 6 l 0.3711
1 

0.0619 5.2::,-~ 
lilrror I 14 I o. 1636 1 0.0117: 
____ ,..,. . . . . : ·-·· .... I .""" ·---
. TOTAL /' 23 0.9893 ! . ... .. .. . ---1 ___ __,;._ ____________ _ 

Sm. = "~~ - ,/ v11vv,v = o.044721 

No st . 
mean.a • 

(2) (3) (4) (5) ( 6) (7) 
--··---
04 ,.,. .... .: .P..J ............... + 

3.03 3 .. 18 J.27 5 .. .33 3.37 3.39 
0 C,.,1.M.UQtCJV VRO~-•-t..L,tf·t,~': 

.135 .. 142 • 146 .149 • 151 • 152 

-~ Speatea means: PR.A TIM OO(/ PRG 
0. 811 0 60 0. 6 0 .418 

!JI'll. ~t~er u,t.~taLq.or.!3: 
646 6o5 552 



£flfllJJJIX .f :f 

I
' ' i 

SPEOIES I- JU:.. p I;__LQ_A TE 8 ~lJJOIJi/8/ !----- . , ... . .. : 7 _j___l:_J__ 3 \ 4 :I'OTAL l 
l ! t 

\Sh.ort Rota.tton. Ryegra,sa • 851 ; .903 \ • 850 ! ·1 .,061 .3. 665 
1Perenntat Byegra,ae .883: .9591 .712; .827 3.381 
1Brea YorF,a11,tre Fog 1 .487 i 1. 212 I 1. 178 I 1. 6o7 5 .484 
loommeroi,a,7, Yor~ah,tr•e Peg [ L 191 11 • 109 ! 1 .. 339 j 1. 378 5 .317 
!Prat.rte Grass i 1. 731 i 1. 370 i 1 .540 i 1. 163 5. 804 
laoo~eJ"oot '.1.644 1.310;1.451

1 
1.146 5.551 

l~tmoth.y I 1,,497 1. 349 r ·1. 406 , 1. 467 5. 719 : 
l I , , I [____,_. __ ........._. ___ ___,_,_____ ........... ,_.._....,...-..+----.. --, ... ~---+------+--------------t 

--------,.----~-----"•'..,.._....____. • u•• • • • ••-

SOU,T'QS o;f I 
i Va.ri,a,tton cL • .t. . 8 • 8 • '. m..a. 
' ---...---• . l : t·· .. -· - ---;---------r------.-..··-----r ........... ------
1 .Rep7,toa.tee .3 j 0.0608 .i 0.0203 ' ...xrx i 
i Speotes 6 ; 1 .5511 1 0 .. 2585 : 7 .4cr--- : 
! .E:rror 14 w L_o.4_8:;_o_,, __ : __ ~:.?3457 : _j 
' i j t 

2~ \ 2 QOt:;0 ! I 
-·- -' ·-- • • <Al('' ..... " . .. • • • .... 

, 

Sm, = -I~ 
= ;o:rxm-,;- = 0.075895 

~. ~· (2) (3) (4) (5) ( 6) (7) 

':J..f. ,..,.,., ;; . ..P-1 .. n r,tt + . 3.03 3.18 3.27 3.33 3.37 3o39 .1:.0JJ,9-., • 

.230 .241 • ~i,8 .253 .256 .,257 
' 

Sgaotee msan.a: SJm PRG --~ - 0.916 0.845 

Dr Matter ta1d aore:1155 1138 1105 1091 1058 729 673 



·--r··· R E P L I O A :J.1 :BJ S lsP-;;;Il,l~ 
sPEoIEs 1·~-,--r 2 :· J -~ 1:1.1o!r.ALs 1 ~-----------·----+-· . ., ---1..--.-~ 

Snor•t I~ota,~ ton. RyegT"ass ' 1. 170 i • 852 I 1. 046 j 1. 053 I 4. 121 l 
;Perenn1,a,'l, Ryegraaa 838 1 ·1. 169 i • 859 I • 800 ! 3. 666 1 
fB1·~ea Yo1•~antra Fog , 1.1721 ·1 ,.209 i 1,.247 I 1.0761 4. 704 I 
/Oom1'!18rota,1, Yor1$al1,tre Fogi • 7~7 i ,. 732 1. 00~ 1

1 1 ,,0861 3. 81 .3 i 
1,Pra,1,rte Grass .9341 .857 1.082, 0.8381 3.711 i 

/Ooo~s.toot 1 "29.3 ! 1 • 1 23 1 • 1 95 I 1 "245 / 4., 85 6 ) 
i'l'tmotny : 1.20.310.96.3 1 1.197 1 0.8281 4.191 i 
I , j I / 

i i i I : 

EEP~IOA~E T~~AL,~-9051~34 i 6.926!29.062: 

= 

. .;.;;,.;:;...;;._,;a _______ • 

• .;;;;;;......;;......~_,;.;,;,;;;.,.;;;....;;;;.• 

a.;t" 

14 

(2) 

,3.03 

"185 

000 

s.e. 

0.,070 
0.,337 
0.311 

(3) 

3.18 

.194 

m.a. 

0.023 
0.0562 
0.0222 

'F' va'liue 

= 0.,060828 

(4) (5) ( 6) 

3.,27 3.33 3 .. 37 ... 
' 
• 199 ,.20.3 .205 

BY? TIM S.RB OYF PRA 

(7) 

3.39 

.206 

PRG 
1,. 214 1. 176 1. 048 1 • 030 0 .953 0.928 0 .917 -~ -__ ,_ 

···---~ 
' 

966 936 834 820 759 739 7.30 



APPENDIX II . -· . -

St::cth Harvest, --· !Jth Aprt 1,, 1960 

,_ . .1-,,ort Rota:tton Ryegra,aa , 
IPerennta,i .Rvepraea • i 
~red Yor~ehtre Foq l 
\Oomm.erotai Yor1tah,1,re Fog I 
tPratrte Gra.as I 
1!0oo1ta;foot 
T tm.otJi;i; I 

1 .408 I 1 .555 1. 748 6.374 
1 .. 4 30 · 1 .542 1 • 264 5. 722 
1 .507 1 .579 1 .502 6. 196 
1.019 1.620 1.211 5.094 
1.006 1.379 L,141 4.766 
·1 .. 273 1 .. 465 1 .459 5. 875 
1 .031 1 .436 0.923 4. 878 

11'PLIOA1'E ~POTALS I 10 .309 • 11 
~-n ••• I• --••--- .... • .,,......,_..l._.., _______ _ 

J~ep "L to ate a 
Speotea 
Erro-r 

Sm, = 

!~~: 

a ran. 

. 
.;;;;.i;;.;;;..;;;..;;.;;;;..;;;;..__;.;;;;..._.;;;• 

. , 

1 .3064 

= 0.062048 

( (5) (6) (7) 

,.01 • 1 • • 3.36 3.38 

: .187 , 196 .. .208 .210 

SRR BYF' 000 PBG OJ.F 1.'IM PRA 
1.594 1.549 1.469 1.431 1.274 1.218 1.·192 
-----... ..!...------- -------------··-·---

JJ.r~ ~tter ~t~ia~. 1269 1233 1169 1139 1014 970 949 -aore· -



.,....,.-----....... -______________......,.... ................ ,__,. ......... ..._ ___________ , ____ , .... ...,_ . ...,,..__,..--------: 

I f!P.liJOI.'EB .1~ J~t p L .r 
~-,,__,~, 

1 

1 .156 
1.580 
1.258 
0.984 
1.093 
·1. 127 
1 .0.56 

1 .3ro I 
1 .065/ 
1. 109i 
0.921! 
1. 1541 
1.159 
o. 

Source o;f 
Va,1•1.a,t f.on ............. _.. ............... , ... _.., _____ .......,...,, ....... _ .......... __ ..........,..~ 

( 3) (5) 

.;t60 

'f o;;.>o 916 

10. 
9. 

11 

(6) (7) 



M'.f.J#JJRlLll 

Proa,uot tvk!JL!.r~ Etght'h, Harvest 26th J™, 1960 

~ER YI.ELQ_..DiJ2l ~--·-.. ·····-· ---~---------__._, I SPEOIEs · E E P L I q I.!- ,;g_L,L\ SPEOIEsl 
! . ~3 ! 4 j '.POTAL ! 
I 
~hort Rotatton Ryegrass 1.228 1.118 1~352 1.400 5.098 
ft"'B1'ennta1, Ruegr-aes .1.329 0.820 1,.229 0,.699 4.077 
(Bred, Yor•Jte71,trE, For; · , 1 .049 1 .078 1., 117 1 .304 4.548 
jOommepota,1 Yorrusht1•e Fog o.812 0.967 0.920 1.,105 3.004 
1Prat1•te Gra,es · o.899 0.957 1.305 1.281 4.442 
;Ooolts;foot I 0,. 884 0,. 754 1 .004 O .955, 3.597 
.m• th 1 0 5q'? 0 41 r O 6'')6 0 634 1 

') 198 
1.t. 1;mo ,1:J 1 • .:::,_ • o • c. ~ i c:.. 
' I l 

/ Vartatton 
11!' va1ua 

• 

- == 0.065192 

(2) (3) (4) (5) ( (7) 

0 • • • • 

,! ran ; ., 196 ,, 206 ~ 21 2 • 21 6 • 219 • 220 

. 
.;;;;..:;.;;;.,;::;.,;;;;.;;;;.;:;;._.:.;;;;;....;;,.:;.;;;;;.• 

Dru matter 'l.lte1iasf: 1015 905 
a.ore -

0 

757 716 438 



a.;t. 

3 
6 

16 

o. 
1" 

" 

( 

Sm, = ,/o.orsr = ~2 = 0 • 054955 

. ( . 

1 

. • 

R.!:.lL..l:ffil.~~ute 1d.s/ 1046 
a.ore -

( 

• 

1 ® 

• • 



S'.PlinniS 
HA.~~ 

4 l6 Dec. . . . 

15 Jen. !'I ... , .. 

4. ~ ~~--

5 •. ~ -?(~. 

6_ 5 APr~ 

7 -3~ .• : J. " ti: 

e. ?~ .-t~-

9. 7Ail$ 

Al?'PENDii 

$~ 2! -..,,,, " "IM·1 :tter Anal.yse 
- I 

sr-cn l?RG m:, QrF Pit, 

16.17 1;.u 15~9 15.04 15.61 

l 21+.61 22.22 22,09 22,.26 

19, Ba 22. ij2 19.65 19.51. 21.,64 

23.24. ~ .}2 18.,17 19.Z"! ?~80 

20. ?4' ~29 18. ,1 • 19. 49 ~98 

18, is ie~ _03 'l-5. 72 

19.44. 19.98 17.01 

l.8. 04 19.; 76 - ·- ,,. , ... , ,. i5.-76 

15 •. 99 19.59 :l.4--27 

19.08 20..87 17.4' 

16.70 

17.74 

17.29 

:U.. 78 

18.-80 

17.67 

18~97 

17.19 

15.1.tJ 

19.06 

... 
• 

'"" 

c~ Tlll 

lli..99 15 .. 31+ 

22.15 2:,. 70 

19.l.9 18.49 

19.64 17.6 

16-93 17.90 

i~f6~ 16 
·•·····' 

19.37 19.-60 

tQ .. 05' 20.?5 

17 .. ~ ~8 • .5 

18.55 1s. 74 



APPENDIX !J+ 
.. 

........ ~l s£ !31?tani.eal Analys9!,J i Harvests, 

roentage Oom't')()S~~~~n ,... /,t :B!Plio"tes. 

1st Harvest. 
~ 

SJR.P.. 

-. '.R. G. 
-
F• 

C.Y.P. 

.P RA. 
. 

oO C. 

41' Ill. 

. nd Ha'M'est • 

. 

s~ 'Bee~ 

c.t. ',F• 

CO o. 

r :r !l. 

~rd.. fi:e.rvest~ 

S.P.,.R, 

l?,l{,0. 

n. Y. :r. 
OJY. P, 

p RA. 

0 0 a_ 

1' l 14 

(¾ti, 

93 

79 

04-

5 

J 

J5 

49 

E#f~olatc4, Val1...-e8! 

Grass 

9l. 

76 

.6 

63 

4 

35 

36 

E:trapolated Va:tu~s. 

Ql'asa 

89 

74 

68 

68 

36 

35 
.,,, -~ 

t:,bth ........ ., ............... 
1 ~ 

Cl 

l 

4 

7 

ll 

lQ 

lO 

,r ·•ee4 

17 

29 

37 

./'/ 

5~ 

50 

32 th December, 1222• 

Clove~ ' Weed ' 

4. s 

' 15 

lO ' 24 

9 28 

20 46 
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Palmerston North ... 40°23•s: 175°37•Ei llOtt. altitude 

~ 
MaxiJ:rum 60.7 59.6 65.7 11.6 1;.2 70.6 67.6 64-.o 60.9 56.1 54-.9 56.2 

59.6 62.1 65.,7 69.171.312.5 70.1 66.7 60.2 55.1 54.2 55.9 

Minimum 4-5.1 45.3 4-9.5 ss.o 55.7 ss.a J1.6 i..1.144.0 40.1 ;6.5 ,a.2 
i..;.146.s 49.6 52.1 s;.1 54-.0 52.s 4-9.4- 44.a 40.a ;1.a 40.a 

Mean ,1.~ 52.4 57.6 63.3 64..,5 63.2 ,~.6 55.8 52.4 48.l 4.5o7, 47.2 
~o.i.. 5;.j S6.6 60.6 62.5 62.6 60.7 57.o 51.0 47.,14-6.14-7.7 

Gre.aa Min. }8.o ,9.2 43.8 4-8. 7 50.5 50.5 4-6.2 4-l.4 '?;7.6 33.l 28.9 3().8 

,6. 7 40.3 43.5 4-5.9 47.5 47.5 44.3 4-3.8 36.9 33.5 32.3 33.5 

Earth I+ in. 50. 7 .52.0 59.0 64-.6 66.6 65.3 60.0 54.5 50,.3 4.5. 7 4-3.4. 44.0 
so.:s S4.9 Sj.6 63.7 64..7 65.2 61.,7 56.2'50.j 46.4- 44.4- 4-5.9 

2.,, 3.19 2.84,. 1.27 1.22 ,.18 3.29 0.95 2.25 2.14- 3.81 2.64. 
2.67 3.66 ,.20 3.44 ;.28 ,.02 2.37 ,.,, 3.2,5 4-.,27 3.2.4- }..57 

IAW PAX 16 13 16 7 7 1; 1; 12 u. 16 16 13 

~• D 2.25 2.93 ,.,, s.16 s.;o 4.,66 i...o~ 2.17 1.1s 1.1+10.10 1.55 
J..97 2.n }.75 i..4J 4.931+.l.4. ,.,, 1.92 1.6o 1.111.oa 1.48 

D ail lll 147 ll7 180 164. 17.5 162 lit-~ 103 108 8l,. 170 

140 157 l7j 198 206 178 173 l.}4. 122 97 110 1,2 

ii gm 5 ' 1 - - - :, - 7 lJ 18 17 

m!IUttiS · 174. 18d. 154. 

·~ • 
Ji2a• Upper figures ' Lower figures t 

- l~,0-.56 
~---1947-58 

~ ... lj28-56 
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The most a,.d table olima tio di visions for this purpose are those 

a4opted by Garnier (1958) and Taylor (195l1-). In the latter oase the main 

oriterion used was that of the monthly potential evapotranapiration in 

each region; as this measurement is closely related to the assimilation 

of the plant the divisions have a strong ecological significance. 

The length of the growing season is under thermal control and is 

considered to be the number of' months in which evaI:otranspiration is in 

exoess of 1 in (Fig. l.,a.). In North Auckland growth continues all the yea.r 

round, whereas in the interior of North Island ru1d throughout most of 

South Island, low temperaturt~s liu1it eva.potranepiration to below the 

oritioal level for three montha or more. 

Cil the other hand the control of ew.potra.nspiration by 111.0isture 

goveme growth during the warmer 1110nths (Fig. 4b). The incidei;oe of the 

period o:r moisture deficiency is bii.sed on the exhaustion of the soil 

reserve (estimated as 1 in. rainfall). Growth is then aubjeot to the a.mount 

of rainfall in the following months. .Moat northern end western regions in 

both Islands ex;ierience no ma.jor drought period but on the ea.st ooe.st of 

South Island there is a deficiency for up ·to five months in the year. 

Statistics are available for the regional trcquenoy of' growth f'orm 

groups, time of' flowering, flowering during the year of sowing, plant 

recovery after grazing and o..vere.ge rust infection. A s'l.mlm8.ry of' this 

infonna:tion is presented in Tnble 1, the ma.in regions concerned being shom 

in Figure 4,o. 

Although there is extensive va.riation within.,the populations in eaoh 

region the mean phenotype demonstrates the intimate relationship o:r ee.oh 

oharaoter to a growth rhythm essential to suz'Vi val and reproduction. The 

proportion of erect and semi-erect plants gradually diminishes with the . 
shortening of the active growing season from north to south. In western 

North Island, the combined groups ( erect and semi-erect) generally exceed 

1 5 per cent of all plants examined under the nursery cond.1 tions at 

Palmerston North. :Material derived from South Island, however, was more 

prostrate in n&ture, only up to 5 per oent of the plants being ereot or 

semi-erect. 




