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FOREWORD 

In 1946 T.G. Sewell conducted an ecological 

study on montane tussock grassland in the Cass, 

Craigieburn region and recorded the state of the 

vegetation .. 

The studies recorded in this thesis were 

undertaken for the following purposes: 

1 .. To compar'e a number of different methods of' 

recording the botanical analysis of tussock 

grassland vegetation. 

2. To determine the changes in vegetation Which 

have taken place over the ten year period. 

3"Todetermine the effects of applications of 

fertilizers containing phosphorus, sulphur 

and molybdenum on tussock grassland. 
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PAR T I INTRODUCTORY 

J:".. OBJECTIVES OF STUDY 

Before the regeneration of tussock grasslands can be placed 

on a sound basis, some knowledge is re~uired of the interrela-

tionship of the grazing animal and the vegetation. Sewell 

(1947), studied the effect of one year's protection from grazing 

in the Craigieburn area. In this study these areas have been 

selected for re-examination of the effects of enclosing over a 

period of ten years. 

Also, at the present time there is a dearth of knowledge re-

garding the usefulness and accuracy of the techni~ues used for 

sampling the tussock vegetation, and the opportunity is taken to 

study some different methods. 

Once these two fields are more clearly understood, findings 

obtained from regrassing and fertilizer trials may be more fully 

utilized. 

In this particular investigation an attempt is made to ob-

tain some facts related to the above problems. The objectives 

of this study may be divided into three distinct topics which are 

as follows: 

(i) A study of the comparisons of a number of methods of 

botanical analysis used on montane tussock grassland. 

(ii) A study of the effect of ten years' protection from 

grazing on montane tussock grassland. 

(iii) A study of fertilizer trials and the surface introduc-
of a number of introduced grasses and legumes. 
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B. INTRODUCTION 

The tussock grasslands are the native grasslands of New 

Zealand which have been evolved in the virtual absence of grazing 

and browsing animals. 

(a) Extent and Areas 

At the present time tussock grasslands cover an area 

in the vicinity o~ ~ourteen million acres which represents ap-

proximately thirty six per cent of the total area o~ New Zealand. 

Thirteen million acres occur in the South Island. Tussock vege-

tat ion is absent along the grassland areas o~ the east coast of 

the North Island, in the Marlborough Sounds and west of 'the main 

divide .. Prior to settlement this area was much greater, how-

ever on the plains and more suitable situations the native vege-

tation has been cultivated with introduced pasture species and 

crops being growno Areas where tussock vegetation occurs extend 

from sea level up to approximately 5000 feet, but today the major 

portion occurs above the 1000 ~eet level. 

(b) Classi~ication 

The tussock grasslands may be broadly classi~ied into 

regions according to the dominant species present and the alti-

tude. . One of the most widely known classi~ications is that 

given by L. Cockayne (1927), which is,;as ~ollows: 

o - 1000 ~t. Lowland tussock grassland. 

1000 3000 ~t. Montane tussock grassland. 

3000 5000 ~t. Sub alpine tall tussock grassland. 

5000 ~t. + Alpine vegetation. 

The Montane tussock grasslands cover an area o~ approxim-

ately six million ares which constitute the major proportion of' 
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the so called "better countryll of' the high country l~uns .. 

(c) Vegetation 

Cockayne (1915), considered that it was surprising that 

the tussock f'orm is dominant over such a wide variation of' condi-

tions when it hardly varies as far as growth form is concerned. 

The dominant species according to the environmental conditions 

existing in an area are the fescue tussock Festuca novae-zealan-

diae; the silver tussock Foa caespitosa; the red tussock Dan-

thonia rubra; and snow grass Danthonia flavescens. These tus-

sock species are only sparingly grazed and provide a suitable 

microenvironment for the associated grasses and herbs, both in-

digenous and exotic, which provide the bulk of feed for stock .. 

The importance of the dominant tussock species in providing a 
. .. 

suitable microenvironment has been stressed by various workers 

including Cockayne (1910), Zotov (1938), Sewell (1947), and Saxby 

(1950). An outstanding feature of the vegetation is the scar-

city of legumes .. 

(d) Environmental conditions 

Owing to the large area covered by the tussock grass-

lands environmental conditions are, as one would expect, very 

diverse .. Zotov (1938), pointed out that there are very few 

places in the world where the climate is at all comparable at 

the same time, in its essential featUres of precipitation and 

summer temperatures with that of the South Island tussock grass-

lands .. 

Generally speaking, relatively cool summers and cold winters 

are experienced in these regions. The temperature is important 
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in that it controls the length of' the growing season which is, i. 

most cases, from October until late March. This relatively sho: 

growing season and low winter temperatures def'initely llinit herb· 

age production and considerably restrict the number of species 

able to survive under these rigourous conditions. 

Rainfall varies considerably over the tussock grasslands, 

and in some cases is the limiting f'actor for growth as in certair 

regions of Central Otago where the average annual rainfall is in 

the vicinity of 12 to 15 inches. Some areas, for example the 

Arthur's Pass region, have an average annual rainfall exceeding 

one hundred inches. However in this case, strong dessicating 

winds reduce the effective rainfall considerably. 

According to G~bbs and Raeside (1945), the area contains 

nine distinct soil series. These range from the fertile Alex-

andra series to the strongly weathered, strongly leached Haast 

series o Nevertheless, considering the great variations in soil 

tj~e which occur, the vegetation is surprisingly uniform which 

indicates that soils are not of primary importance in determining 

the type of vegetation present. 

(e) Utilization 

The tussock grasslands are suitable for extensive sheep 

grazing with some cattle. Practically the entire fine wool clip 

of New Zealand is produced in this area from approximately three 

million sheep. Nutritional studies by Darling (1950), on a 

number of the more important species indicate that for the greater 

part of.' the year the herpage grazed has a very low nutrient con-

tente The carrying capacity is lOW, an average figure being four 
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to five acres per sheep; however wide variations do occur. 

(f) Present State of Tussock Grasslands 

Most areas have been grazed for over one hundred years 

at varying intensities, the greater portion of the land being 

Government leasehold. Until recently, when laws were passed to 

ensure the station owner.a greater security of tenure, management 

was in many cases' poor and followed a short term policy of obtain-

ing maximum returns, with little or nothing being done to main-

tain or improve the vegetation. 

Some tussock grassland areas today, according to earlier 

writings, are practically unchanged after one hundred years pas-

toral use, whereas most areas have undergone radical changes. 

In practically all cases the vegetation has deteriorated and in 

extreme eases has become valueless from the pastoral point of 

v.iew. The two main causes for this deterioration have been the 

overgrazing by sheep and rabbits and indescriminant burning of 

the vegetation. Evidence of this deterioration due to unsound 

pastoral practices was noticed in a comparatively short time and 

warnings were issued as early as 1865, Buchanan (1875). Never-

theless, many of these warnings went unheeded with the result 

that at the present time many denuded areas exist where the orig-

inal tussock cover has disappeared and been replaced by scabweed, 

Raqulia.lytescens, and similar mat for.ming plants. This deter-

ioration has been most marked in areas of low rainfall where the 

original tussock vegetation was in a delicate balance with the 

environmental conditions existing before settlement. 
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(g) Reveget~tio~ 

Revegetation work on these depleted areas has been in 

progress for forty to fifty years, emphasis being placed on the 

selection of introduced species in favour of the indigenous. 

This does not necessarily mean that the indigenous species dis-

play insufficient potentialities to warrant olose investigation, 

yet it does appear that workers have had a preference for intro-

duoed species. At the present time, Connor (1950), to mention 

one, is oarrying out investigational work on AgroPlron soabrum. 

Plant material most sought after for reolamation purposes has 

been hardy types of perennials, legumes and non legumes which 

would grow relatively well under adverse oonditions of soil and 

olimate. Some species have shown considerable promise, but at 

present muoh work has yet to be done. The recent innovation of 

aerial sowing and topdressing has greatly enhanced the means of 

improving denuded areas. 

One other method of approach to improvement is that of 

spelling depleted areas for varying periods of time, to allow 

natural regeneration of the indigenous speCies present. The 

beneficial effects of spelling depleted areas have been stressed 

in general terms by workers partioularly those in the United 

States, yet, apart from the investigational work in Central 

Otago little is known in New Zealand of the charges in composi-

tion, denSity and growth form which take plaoe on the exclusion 

of stock .. 

In the tussook grasslands there is a definite interrelation~ 

ship between the vegetation, soil and grazing anima2. The change~ 



in vegetation, resulting from an unbalanoe of one or both of the 

other factors, are generally relatively slow. The tussook grass-

lands of New Zealand unlike natural grasslands in many other 

countries, have been evolved in the virtual absence of grazing 

and browsing animals, and hence the equilibriwn was upset upon 

its settlement over a century ago. Holloway (1954), considers 

that the tussock grasslands were in a disclimax rather than a 

cltmax state when sheep were first introduced, owing to this lack 

o~ grazing prior to settlement. The same worker considers that 

a climatic change has taken place during relatively recent times 

which has hastened the deterioration of this relict association. 

Zotov (1938), tends to reinforce this theory by stating that true 

steppes are now rare in New Zealand .. 

It is a debatable topic as to whether efforts should be made 

to restore the type of cover present at the time of settlement, or 

to develop a revised cltmax in which introduced species play an 

important part. At the present time introduced species provide 

the bulk of the food for stock and it is rather difficult to see 

any reason for returning to the primitive type of vegetation. 

On the other hand, some, notably A .. Cockayne (1915), suggest that 

the present xerophytic vegetation appears to be especially at-

tuned to the existing conditiOns, and it would be unreasonable to 

expect that ordinary grassland of a more me sophy tic type would 

be suitable.. Yet he does not dismiss the fact that some of these 

more me sophy tie species may have a wide range of adapt ion and may 

in fact be termed facultative xerophytes" In the selection of 

suitable speCies for the stable vegetation, two factors should be 
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taken into account, firstly the ability of the species to pro-

vide sufficiently stable cover for the area and secondly to have 

a reasonably high production. As a rule indigenous species are 

satisfactory for providing stable cover, however their production 

is low whilst with many exotic species the reverse is true. 

To understand fully the changes taking place in the vegeta-

tion due to the influences of grazing, climate and time, sound 

methods of botanical analysis are essential. So!nd techniques 

have been devised for measuring a..Tld assessing improved pasture s 

on the low country, yet at the present time such methods per-

taining to tussock vegetation are far from finalized. 

(h) Future 

The population of New Zealand is at the present time 

steadily increaSing, which must inevitably intensify farming 

practices on the lower country if the standard of living is to be 

maintained. This may in turn ,intensify settlement on the more 

favourable montane tussock areas.. In the light of recent know ..... 

ledge some of the improved practices used on the lowland· farming 

areas may be of use in increasing proanction in these regions. 

The potential production of the montane tussock grasslands is dif-

ficult to'assess. However, owing to the large areas involved 

only a very small increase in carrying capaCity would be necessary 

to give a significant increase in fine wool production. Never-

theless, it does appear that the improvement of this country will 

be slow and of an evolutionary nature, the rate being determined 

by the personal approach of the run holder to the problems and 

the prevailing economic conditionee 
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Q. CHARACTERISTICS OF THE AREA STUDIED 

(a) Topography 

The area under study is situated in the vicinity of 

Craigieburn and is one of the many intermontane basins present 

in the upper reaches of the Waimakariri River. The elevation of 

the f'loor of this particular basin varies between 1700 ft. and 

2000 ft. above sea level. 

The oharaoteristic features of this region are the three par-

allel valleys of glacial origin. These are: 

(i) The Waimakariri valley bounded on the south by Mt. Sugar-

loaf (3459 ft.) and on the north by Mt. Bineer (6000 ft.). 

(ii) The va1.1ey in which 1.ies Lake Sarah and continues past 

Craigieburn down Sl~vens Creek, bounded to the north-by Mt. Sugar-

loaf and to the west and south by Mt. Long Hill (2749 ft.) and Mt. 

st. Bernard (5509 ft.). 

(iii) The'valley in which lies Lake Pearson and Lake Grasmere 

bounded to the north by Mt. Long Hill and Mt. St. Bernard and to 

the south by the Craigieburn Range with Mt. Bailey (5687 ft.). 

Aooording to Speight (1915), the rocks in the neighbourhood 

consist entirely of greywacke, slaty shales and re1.ated sediooen-

tari,s of' the Trias-aura age. 
! 

Erosion is severe on the high slopes with the resulting for-

mation of' large shingle fans in the valley floors, some of which 

are no longer active., These moribund fane are generally com-

pletely covered by montane tussock vegetation. 

(b) Climate 

(i) Rainfall 
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The annual precipftation of the CassCraigieburn region 

varies from approximately 52 inches at "Flock Hillit station, down 

to 37 inches at Craigieburn. The monthly rainfall records at 

Craigieburn have been far from complete over the last ten years, 

however the figures for 1955 and 1956 have been recorded in full. 

TABLE I Showing a comparison of the mean monthly rainfall fig-

ures for the 1923-40 period with those for 1955 and 1956. 

1956 
MONTH 1923-40 1955 Inches 

Jan. 3.34 1.90 3.49 
Feb. 2.58 80 65 .32 
March 2 .. 15 1 .. 05 2~19 

April 2 .. 91 1.25 4.15 
Ma.;v 3.54 7.27 2.26 
June 2 .. 91 3.26 5.56 
July 2 .. 89 3.93 3.55 
Aug. 3.43 / 5.93 2.68 
Sept. 3 .. 24 2,.05 2.27 
Oct. 3.44 2.08 2.61 
Nov. 2 .. 89 1.69 5.15 
Dec. 2 .. 99 .16 2.37 
TOTAL 36.29 39.22 36 .. 6 

The eUecti va rainfall ma.;v be considerably reduced in some 

localities oWing to the strong dessicating north west winds which 

occur. 

(11) Temperature 

Although no regular records of temperature have been 

kept in this area the general characteristics are known to be 

relatively cool summers and cold Winters. The maximum and mini-

mum temperatures recorded at the Craigieburn homestead during 
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1956 were 84oF. and 1SoF. respectively. Comparatively severe 

~rosts are common. Temperature is the primary factor governing 

the length of the growing season which decreases with an increase 

in al ti tude .. 

(iii) Snow 

Snow falls generally occur in the winter months during 

the June, July, August period, although falls have been recorded 

in all months of the year. The higher slopes may be covered for 

periods of up to three months in the Winter, however, on the val-

ley floors snow rarely lies longer than two weeks. The particu-

lar area under study is considered "s~e winter country". 

(iv) ~ 

The prev~ling wind comes from the north west and is 

generally moderately dry and cold. It is often very strong and 

its dessicattng effect is considerable. According to Foweraker 

( 1916), it blows more frequently during the spring" summer and 

autumn months, whilst in winter, calm periods may prevail for 

over a weeko 

(v) Soils 

The soils are, as already mentioned, derived mainly 

from greywacke parent material. Gibbs and Raeside (194S),have 

listed nine soil serieB in the high country of the South Island. 

The predominant soil types in the Waimakariri belong to the 

Kaikoura and Hnrunui series. The main characteristics of these 

two soil series are as follows: 

(1) Kaikoura Series 

(a) The rate of chemical Weathering is quite consider-
able. . 
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(b) The supply or lime is low and decreases rapidly 

from the surface downwards. This decrease is greater on easier 

slopes .. 

(c) The structure of the topsoil is light, loose and 

easily pulverized. 

(d) An undisturbed profile commonly has a peaty surface 

horizon. 

(2) Hurunui Series 

(a) The rate of chemical weathering is similar to the 

Kaikoura series, however the soils are less leached. 

(b) The available phosphate and lime in the topsoil are 

low, but do not show the decrease in the subsoil characteristic 

of the Kaikoura series~ 

(c) The structure is a moderate to firm crumb much 

stronger than that of the Kaikoura series. 

A typical profile of the Kaikoura Loam is: 

5 - 6 in. greyish-brown loam, powdery when dry, 

6 in. dark-yellow silt loam mellow, 

12 in. deep-yellos silt loam, slightly compact, 

on gravel and stones. 

The plots studied are on the Kaikoura soil tyPe. 

Dick (1948) has estimated that the proportion of the differ-

ent soil series on the Craigieburn run are as follows: 

Kaikoura loam 80 per cent. 

Hurunui loam 15 per cent ... 

Tasman sandy and silt 10BmS 5 per cent .. 

(c) Vegetation 
The region is a tyPical example of montane tussock 
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grassland .. Cockayne (1915), considers that the term "montane 

tussock grasslandu should only be applied to that tussock asso-

ciation in which Festuca novae zea1andia~ is the leading physiog-

nomic plant. 

The vegetation has a very uniform appearance due to the dom-

inant tussock species and, in this area, does not appear to have 

undergone ~ radical changes since settlement a century ago. 

This is probably due to the moderate rainfall of the region, par-

ticularly when compared with that of Central otago, and the ab-

sence of rabbits" Yet changes in botanical composition and den-

sity have taken place. Dick (1956), states that "the native vege-

tation is in the process of being succeeded by bare ground and 

shingle slopes or a grassland with a mixture of native and intr~-

duced species" .. Shrubs such as matagouri, Discaria toumatmr, and 

manuka, Leptospermwn . scoparium, are probably less numerous today-

than previously, due to the burning which has been carried out. 

Dick (1956), lists 99 species present in the Waimakariri 

basin, appro:x:im~tely one quarter of this number being grasses .. 

However, only a comparatively few species out of this total make 

up a large proportion of the vegetation. The dominant tussock 

species of the area is the hard tussock Festuca novae-zealandiae 

which may be replaced on localized sites by other tussock species, 

owing to the singular environmental conditions existing on these 

sites. The silver tussock, Poa caespitosa, occurs on the moister 

more fertile areas, whilst the red rush, Schoenus pauciflorus and 

the red tussock, Danthonia rubra, occur"on lower poorly drained 

sites" The smaller blue tussock Poa colensoi is more noticeable 
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in some areas, particularly where regular burning has been prac-

ticed, but elsewhere the fescue tussock is the dominant species 

and Poa colensoi fills a sub dominant role. These tussock 

species mentioned above are relatively unpalatable to stock par-

ticularly the fescue tussock, and consequently are only sparingl: 

grazed .. The young regrowth of these tussock species is quite 

palatable this being one of the main reasons for burning. These 

tussock species are on average from 8 to 10 inches high and henc 

play an important part in controlling the microenvironment for 

the associated grasses and herbs. The tussock cover reduces th 

force of the wind and the rate of evaporation and thus enables 

more me sophy tic types of plants to survive under these condition 

The leaves of the tussock species are long lived and do not. die 

each year, so that there does not appear to be any special seaso 

t'or the maturing of foliage which explains the all-year-round 

similarity in appearance. 

AgroRyron scabrum, blue wheat grass, and Dichelachne 

crinat~, plume grass, are the only two native grasses of any im-

portance in the area with the exception of the tussock forming 

species.. Both are palatable to stock and consequently are gen-

erally found growing in the midst of or at the base of tussocks. 

Agropyron scabrum Which is reasonably widespread appears to have 

increased in recent times as Cockayne (191S), reported that this 

species was very rare in the Cass area. 

The introduced grasses brown top, Agrostis tenuis, and 

sweet vernal, Anthoxanthum odoratum, gro~.in the shelter of the 

tussock species and provide the bulk of the t'eed eaten by stock. 
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An~hoxanthum odoratum is a very useful species in this area, as 

it is one of the first species to commence growth in the spring 

and is a free seeder. Yorkshire fog, Holeus lanatus, is found 

growing in association with brown top and sweet vernal, however 

it is not so widespread being mainly confined to moister areas. 

Scattered populations of Danthonia spp. may also be found within 

the area. 

Discaria toumatou is common, particularly on recent shingle 

fans and often occurs in dense communities which may prevent the 

access of stock. Tauhinu, Ca§sinia fulvida, manuka, Leptospe~ .. 

mum scoparium and sweet briar, Rosa englanteria, are present in 

isolated cases but do not occur in the particular areas studied. 

Catsear, Hlpochaeris radicata, is the most important of the 

species other than those already mentioned. Cockayne (1927), 

considered tba tit plays an important part in the diet of the 

grazing animal .. Darling (1950), found its nutrient content 

high; however as it has a prostrate form, it is rather difficult 

to visualize it being subjected to severe grazing. 

Suckling clover, Trifolium dubium, an annual, is found on 

the better areas, whilst scattered plants of white clover, 

Trifolium repens, may be found but at no time do they become an 

important feature of the vegetation. 

Carmichaelis sPP. are sparse. 

Indigenous legumes such as 

Small clumps of beech forest occur on more favourable sites. 

The mountain beech, Nothofagus cliffortiodes, is the predominant 
. 

speCies, with scattered speCimens of the red beech, Nothofaggs 

tusca, also present. 
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The density, and to some extent the botanical composition 

of the vegetation, varies according to aspect. Generally speak-

ing, vegetation on the south or IIshadyu faces is more dense than 

that on slopes with a northerly aspect, due mainly to less in-

tensive grazing by stock. 
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D.. PREVIOUS EXPERIMENTAL WORK 

The literature reviewed is divided into three distinct top-

iCs, namely the effects of spelling grasslands, different methods 

used in botanical analysis and revegetation stUdies on tussock 

grasslands. 

(a) The effects of SEellipg Tussock Grasslands 

Introduction 

The deterioration of the tussock grasslands has been 
i. 

the subject of many surveys and commissions in recent years. 

This sense of awareness, strongly contrasts with the general lack 

of interest and disregard with which the condition of the tussock 

areas was viewed during their early period of settlement. Heavy 

stocking and burning was the rule rather than the exceptfon, with 

the result that the primitive type of vegetation soon showed 

signs of change, both in composition and density. The rate of 

modification of the primitive vegetation'varied according to the 

balance of a number of factors, namely, intensity of grazing, 

degree of burning and climate. Modifications to the eXisting 

vegetation are still taking place in many areas. The deli teriouf 

effects of uncontrolled burning have now been recognized, and con· 

sequently burning at the present time ia not such an ~portant 

factor in deterioration. 

Buchanan (1875), reports that as early.as 1865 warnings of 

the short term grazing policies were given. During this period 

botanists were active collecting, naming and describing the 

plants of the grasslands. In 1880 Buchanan published "The In;';" 
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digenous Grasses of New Zealandtl which lists 85 species and the 

main varieties of native grasses with notes on their uses and 

distributi on. 

Most of the investigational work carried out in the tussock 

grasslands has been concerned with revegetation. Revegetation 

work may be divided into two definite categories, namely, spelling 

to permit natural regeneration, and the introduction of new 

species. Buchanan (1880), was the first to advocate spelling as 

a means of improvement. 

Petrie (1912), reported on the depleted areas in Central 

otago, this being the first official venture by the Department of 

Agriculture to investigate the problems concerned with this coun-

try. This report gave a general review of the area noting the 

causes of depletion and suggesting possible methods of improve-

ment. He did not consider that spelling alone would regain the 

original vegetation, and advised further regrassing experiments 

to those which had been recently initiated in the MoKenzie Coun-

try. 

A. Cockayne (1915), gave some general impressions of the mon-

tane tussock grasslands partioularly in the Cass region of the 

Waimakariri basin. He considered, that in regions of moderate 

rainfall where rabbits are absent, the montane tUBsock grassland 

would retain its comparatively low carrying capaoity for an in-

definite period. 

It was suggested by MacCulloch (1917), that the solution to 

the problem of restoring depleted iands may be deferred rotatJonal 

grazing and that the work should be aimed at replacing the native 
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species on all except particularly :favourable areas .. 

Cock~e (1920), studied a number of dif:ferent areas in 

Central otago which had been protected :from rabbits and stock :for 

periods varying :from two to ten years and came to the following 

concllusions .. Regeneration of a depleted area may, if the condi-

tions are favourable" come about through the complete exclusi:D.n 

of rabbits and stock.. That is, shady slopes are favourable for 

the regeneration of' indigenous species, whilst sunny and or grav-

elly slopes are less suitable.. The fescue tussock which was 

scarce increased very slowly. Agropyron scabrum when protected 

from grazing assumed a tussook growth form, which is very dif'f'er-

ent from that o:f this plant when growing within the shelter of 

tussocks". 

L. Cook~e (1922) enclosed a number of plots on severely de-

pleted country in Central Otago. His conclusions after two 

years protection were that spelling practically dead blue tussook 

and Agropyron scabrum just below sub alpine grassland almost re-

stored it to its primitive condition. On dark faces spelling 

for one year greatly increased the amount o:f vernal grasses and 

other annuals. These enclosures were examined by Tennent (1935), 

who reviewed the changes over the ten year period. He stated 

that spelling was of little use unless the native speoies were 

already in existence in the ground. The benefioial effects of 

spelling were greatest on the higher slopes (2500 ft.) particular-

ly on the shady faces .. Many of' the higher slopes in the Oentral 

Otago region have oomparatively fertile soils; this fact, co~ 

bined with the Slightly higher rainf'all in these regions" prob-
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ably accounts for this rather unexpected occurence. 

The effects of spelling in the Cass region was studied by 

Malcolm (1925). He concluded, that the resulting increase in 

density of the vegetation, from two to three years' protection was 

insufficient to warrant the drop in wool production from the area. 

The hard fescue tussocks were better grown and more numerous in 

areas subjected to grazing than within enclosures. Of the native 

plants, no individuals had made their appearance inside protected 

areas that were not to be found on grazed areas also. 

Zotov (1938), conducted an ecological survey in the Central 

Otago area. He attempted to reconstruct the primitive vegeta-

tion, which resulted in the general olassification of the grass-

lands into the "true steppe" and the "induced steppe" regions. 

He pointed out the exoeptional climatio characteristics of the 

South Island tussock grasslands, which make them practically 

unique. "This means that the introduced species, wi th rare ex-

ceptions, would, in the long run, be ; 'ousted by native species. It 

As proof to this theory he cites Cock~et8 enclosure plots and 

sowing trials of introduced species. The much more complete 

ground cover of the native species suggested that they would 

eventuallY dominate and replace the sown species. With this idea 

in view he stated that, depleted areas should be spelled if suf-

ficient living species were present, if not, the areas should be 

sown to pasture species wherever possible. He stressed the 1m-

portance of conserving tussook cover so ~hat the assooiated grass-

es and herbs might survive. 

Sewell (1947),studied the effect of one year's enalosure on 



-21-

four areas in the Craigieburn region. He concluded that, when 

using the Point Quadrat Method of analysis, there was little dif-

ference in the density of cover and botanical composition between 

grazing and ungrazed ~lotse Anthoxanthum odoratum tended to be 

less on the grazed areas than on the protected areas. The great-

est change was in litter. However, tna increased in both grazed 

and ungrazed areas throughout the season. 

Ourrent stUdies in the Waimakariri basin by Dick (1956), in-

volve the use of enclosures and line transect techniques. Re-

cords from the unenclosed transects over a nine year period indi-

cate that bare ground is increasing and the living plant vegeta-

tion is decreasing. Enclosed ~lots, the highest being at 3250 ft. 

above sea level,' show that the present vegetation, which is now a 

mixture of native and introduced plants, can reclothe the mountain 

slopes up to about 3000 ft., but the process is slow. Dick sug-

gests that the general spread of Anthoxanthum odoratum and Agrostis 

tenuis indicates that these speCies may be more suited to the 

habitat than the native grasses when grazing occurs. 

The range country of the United States of America which is 

the equivalent of New Zealandts tussock country has been the sub-

ject of much research in recent years. The effects of spelling 

have been studied in many areas which, as a rule, have an annual 

rainfall between ten and twenty inches. The results may be very 

briefly swmmarized. When protected from stock the denSity of the 

vegetation increases the rate varying according to the climatic 

and eda~h1c factors existing in a particular area. 
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(b) Methods used in Botanical AnalYsis 

"Since it is never possible to examine every individual 

plant in a plot, field or larger area of vegetation, sampling 

plays an essential part in botanical analysis. Although it has 

always been appreciated that a sample can never exactly represent 

the whole, or population, it is only in comparatively recent years 

that attention has been directed to estimating the extent of the 

discrepancies between what in current statistical terminology may 

be called sample estimates and the population values. It Jolly 

(1954). 

All methods of botanical analysis used are based on one or 

more of four criteria namely, frequency of occurrence, number of 

individuals, area covered and weight. 

There are three main methods of sampling and measuring vege-

tation, namely, Point Quadrat Analysis, Quadrat sampling and Line 

Interception methods. These methods have been modified for par-

ticular types of associations; however, basically they remain 

the same as when first introducedQ 

The Point Quadrat Method 

The Point Quadrat method of analysis was designed by Levy and 

Madden (1933), (~lthough Du Reitz (1932), published the first 

description) • This method, including modifications, is probably 

the most widely used technique in New Zealand at the present time. 

This method arose from a suggestion by Dr. La Cockayne (1926), to 

the effect. that a pin point would prove mathematically sound as a 

basis of a method for charting vegetation. During Cockaynets 

studies on the regrassing of depleted tussock grassland in Central 
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otago he used a point on the toe cap of ane boot as the mathe-

matical pOint, whilst Levy, investigating dairy pastures, used 

knots on a tightly stretched string. From 1927 onwards a n1,1mb.er 

of papers were published recording results obtained by its use 

under New Zealand conditions. The method is based on the mathe-

matical ooncept of the homogeneity of a unit area as represented 

by a pin point, and is essentially a method for expressing botani-

cal composition in terms of oover. As a large number of small 

samples give a lower sampling error than fewer larger ones, Klapp 

(1935), a sufficient number of point quadrats w111 permit a stat-

istically sound analysis of the vegetation. 

Technique 

The method consists of taking a number of pOints at random 

and in recording all vegetation that is hit as the point is pro-

jected from above into the vegetation. Either the first plant 

or all plants hit may be recorded. Generally an above-ground 

portion of the plant is recorded. . Some workers record only hits 

at the base of the plant. Staples (1945), records hits made on 

vegetation present in the first inch above the surface of the 

ground, Brown (1954). When two or more spec1es are hit by a 

single pin, Dick (1956),records that species whose node is nearest 

th~ point of contact. When a pin point fails to touch a -:;,plant 

it is recorded as bare ground. Where initial hits only' are re-

corded the taller species tend to be hit more frequently than those 

species with a more prostrate form. Where only hits at ground 

level are reco~ded the creeping and prostrate plants are favoured 

so, it appears, that whenever possible the total number of hits 
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should be recorded. 

The apparatus used consists of' a f'rame mounted on legs point-

ed to f'acilitate pushing into the soil, and carrying a row of'.stall 

pins two inches apart so held that they slide up and down in a set 

course. The spacing of' the pins is varied according to personal 

pref'erence(> The number of' needles on a frame is not important 

providing a suff'icient number of' pOints are taken for the area sur-

veyed. 

The number of' points required for examining a sward depends 

on the type of' vegetation studied, the variability of' the sward 

and the degree of' accuracy required. Levy (1933), suggested that 

100 points are suff'icient when charting a pasture award where the 

dominants only are required. Where it is necessary to record the 

lesser constituents, as well as the dominants, 400 to 500 pOints 

are moresuttable. Crocker and Tivier (1948), found that with 

100 points the analyses are too inconsistent for even broad ecolo-

gicalstudies. The marked decrease in the m~itude of' the 

variability at levels between200 and 400 points indicated that, so 

tar as the dominant species are concerned, the optimum number of 

pOints for a compromise between accuracy, speed and practiealre-

liability, is to be found within this range. With sub dOminants, 

particularly those making up less than 10 percent ot the ground 

cover, the variability is f'requently much greater. In order to 

measure both types of' species with a reasonable degree of' accuracy, 

they considered that 300 to 500 point samples per unit area were 

usually sufficient f'or pasture survey work. Blackman (1935), in 

discussing the Point Quadrat method, considered that it would only 
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be possible to obtain the relative status of less important con-

stituents of the sward. in addition to the dominant species, if 

a very large number of points were taken. He adds that except 

in "homogenous" grasslands, the variability in the tyPe of'distri-

bution of the species would necessitate a very large number of' 

observations. 

The results of' the analyses may be expressed in f'our w~s: 

(1) Percentage of ground covered by each species. 

This is secured by recording in each downward projection all 

species hit, and in expressing these in terms of' percentage 

f'or every 100 points examined. 

(2) Percentage cover each species is contributing to the total 

area .. 

This is secured from ordinary analysis in (1) above by appli-

cation of' the following f'ormula: 

Number of' times a species is hit/100 points x (100 - percent-

!Se of bare ground) Total times vegetation is hit per 100 

points. 

(3) The relative f'requency of' each species in the cover .. 

This is secured by examining the vegetation story by story 

recording every bit as the needle descends, irrespective of 

whether the same or a different species is hit, and expressing 

these in hits per 100 points. 

(4) Percentage each species is contributing to the pasture sward. 

This is secured by computing percentage composition of' the 

sward, based on the number of' hits'of' each species in relation 

to the total number of' hits of' the vegetation. 
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Trials by Levy & Madden (1933), were carried out on the, above 

method, using coloured cards to represent speCies, their areas be-

ing determined by measurement and calculation and then by point 

analysis. There was satisfactory agreement between the two 

methods. 

"The optimum height of pastures for quick efficient point 

sampling is 4 - 6 inches/'Cr.ocker and'Tivreri,(194t3). Brown (1954), 

concludes that the teChnique is particularly suited to short, dense 

swards such as lawns, golf courses and closely grazed pastures. 

ItWhere changes in the vegetation are the main subject of in-

terest successive observations should be at the same point," 

Goodall (1952) .. 

Observations by Goodall (1952), show that the pin diameter ef-

fects the results markedly except those fesr the "percentage of the 

sward".. "Percentage cover" and "cover repetition" both tend to 

be over-estimated by pins. He advocates that pins used in Point 

Quadrat' work should be as fine as practicable. Where the princi-

pal interest centres on changes in the vegetation the use of a 

thicker pin is probably less objectionable. 

AdV$lltages of the Technique 

Like other techniques of anaL1sing vegetation the Point 

Method has its advantages and disadvantages. This method has been 

used by Crocker and Ti vier (1948), for regional grassland surveys 

in the south east of South Australia, because it incorporated so 

many desirable features and appeared to be readily applicable to 

large s~ale work. These workers list its most valuable features 

as: 
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lI(a) it permits the quantitative determination of botanical com-

position in terms of cover which is probably the most suitable 

ecological expression for recording change; 

(0) it is objective, and more rapid than other methods of equal 

reliability and objectivity; 

(c) it provides for ramdomization and ample replication of samp-

ling; 

(d) it also permits a close examination of all, or almost all, 

species present and gives plenty of scope for observation; 

(e) it does not depend entirely on random distribution of species 

for its usefulness; and 

(f) it does not in any way interfere with the vegetation. tt 

Goodall (1952), and Crocker and Tivier (1948), have both 

shown that the error in recording owing to the personal factor was 

small compared with that occurring with many other ecological 

techniques. Even when most of the grasses had reached a height 

of' 14 inches, the degree of agreement between observers at the 400 

point level was quite satisfactory. 

Less Desirable Features 

(i) Correlation of' Point Analysis and Weight Analysis. 

Levy and Madden (1933), considered that their "percentage' 

each species is contributing to the pasture, sward" should show 

good agreement with results obtained by botanical analysis accord-

ing to weight, providing the weight of' pin point volumes of' each 

species present were equal. They Observed the required close 

agreement. 

This set of' conditions does not always eXist, particularly in 
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a mixed sward, Tinney, Aamodt and Ahlgren (1937), found that in a 

mixed sward of Poa pratensis, timothy and clover, counting initial 

hits only, the tall growing species were hit more o~ten than the 

prostrate species, when compared with results obtained by weight 

analysis. To overcome this di~ficulty they suggested the use o~ 

inclined pins at an angle o~ 450 with all hits being recorded. 

The advantages of inclined pins were given as follows: 

(a) The pin is more easily seen as it moves through the vegetation 

(b) A greater area is covered per reading 

(0) It would help to correct the tendency of vertical pins to hit 

larger leaved plants more o~ten than fine leaved species. 

Goodall (1952), on surveying the method concluded that the 

use of inclined pins was satisfactory f'or "percentage of' sward" 

only. 

Drew (1944), working on lespedeza grass pasture noted a f'air-

ly close agreement between the Point Quadrat and Weight List 

methods o~ analysiS, even with as few as ten points. He suggest-

ed that the best method was the use of' the inclined pins with all 

hits recorded, especially in vegetation greater than six inches in 

height. 

Charpentier and Saarela (1941), among others, when testing the 

Point Quadrat technique failed to fin~ any close agreement with 

results obtained f'rom weight analysis. This was thought to be 

due to differences in mo~phologioal form and texture of' speoies 

ocourring in a mixed sward. 

Working on mixed pasture 6 to 8 inohes high, Arny and Schmid 

(1942), found that the botanical oomposition of broadleaved spec-

ies, for example luoerne, was underestimated by the inclined 



Point Quadrat method when compared with Weight List figures, 

whilst narrow leaved species were overestimated. A correction 

factor based on the dry weights per hit for the different species 

was calculated which, when applied to the result obtained by the 

Point Quadrat method, gave satisfactory agreement between the two 

techniques .. 

Sprague and Myers (1945), have shown that the correction fac-

tor for clovers varies over the year using the Inclined Point 

method. 

(i1) The Time Factor 

When the total number of hits are being recorded in dense 

vegetation this method is considered by the author to be relative-

ly slow, however there are differences of opinion on this subject. 

Du Reitz (1932), and Fenton (1933), consider that the time factor 

is not inhibitory. Lindqui st (1931), at ates, tt One of the main 

disadvantages of the method is that in a community rich in species 

an analysis takes a considerable time" 0 

This problem of time taken has been studied by a number of 

workers and has been the primary cause for some modifications 

Which have taken place. Goodall (1952), made a critical studY 

, 
\ 

of the techniques 1/ and concluded that when individual pOints are 

taken, almost one third the number of pOints are needed for the 

same level of precision as when pOints grouped on a frame are used. 

Nevertheless, it was pointed out that it takes longer to place in-

di vidual pins randomly, and that the scope for subconscious place-

ment of individual pOints is greater than with frames.. He pro-

posed that this fault ID$Y be rectified by using the frame but only 
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recording from one point, the position of that point in the frame 

being determined at random. Points arranged in frames were like-

ly to give less efficient estimates for the more abundant speCies 

than points distributed individually. Eden and Bond (1945), 
were the first to use a single point for the analysis of her-

baceous vegetation. 

Evans and Love (1956), report that Biswell et al (1953), com-

pared data of initial hits only with those of all hits per pin. 

Results show that in terms of the more abundant speCies of the 

stand, there was less than three percent difference in percent 

composition between the two methods. 

Arising out of the above facts, Evans and Love (1956), have 

described a Step Point method, which is based on the use of in-

clined pins, initial hits and single points placed at random. 

This modified method was compared with the generally accepted 

Point Quadrat method on annual.range, the time 'required being 

1/6 to 1/8 that taken using the Point Frame method. 

(iii) Difficulties in Recording 

On low growing vegetation the total number of hits for each 

point may be accurately observed. However, in tussock vegeta-

tion, where the pin may fall in the middle of a tussock, estima-

tion of total hits is both difficult and often inaccurate. 

Goodall (1952), noted this difficulty when studying vegeta-

tion which had a high percentage composition of the tussock 

species Poa caesEitosa. He demonstrated that in speCies whose 

habit permits accurate counting of,contacts,the relationship be-

tween the mean number of contaots and the number of points at 
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which a small number of contacts occurred t was sufficiently close 

to make possible a rough estimation of the number of contacts, 

without actually counting the contacts where they were nlli~erous. 

Assuming that the same relationship held for species growing in 

tussocks, it was possible to obtain an average figure for licover 

repetition" in the centre of a tussock from the number of contacts 

recorded on their periphery. It was calculated that for contacts 

more numerous than nine per pOint, the mean value could be taken 

as ten. More recent work on this particular topic, using poa 

caespitosa as an example, involving an improved method indicated 

that the corresponding value was 18.~Goodall (1953). This dem-

,onstrated that the general relationship between the mean number 

of contacts and the proportion of pOints with few contacts, does 

not hold with tussock species .. The use of inclined pOints and 

recording of initial hits only, may help to alleviate this problem, 

providing an increased number of pOints are takeno 

The strength of the wind has an important bearing on the 

accuracy of readings, particularly in tussock country, where the 

leaves of the principal species are 10 to 12 inches high, with 

seed heads extending well beyond this level. Owing to the exces-

sive movement of the leaves in a strong wind, it is inadvisable to 

record under these conditions unless some form of protection can 

be provided. 

Ci v) Present a tion of Analysi s 

CrQcker and Tivier (1948), used a combination of' Levy's 

methods, multiplying the figures for upercentage of swardu by the 

fraction of the ground covered by any type of vegetation. They 
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considered this was an improvement owing to the area of bare ground 

being included in the same ysis with the proportional composi-

tion of the sward. It has been pointed out by Goodall (1952), 

that unless used with great care, such a treatment of' the data 

involving a combination of quantities different in kind, is likely 

to lead to misapprehensions and m~ cause real differences to be 

ignored. 

The same worker considered that the Itpercentage cover each 

species is contributing to the total areait seems to have little 

significance and may even be misleading; it expresses nothing 

that is not better express by the percentage of bare ground on the 

one hand, and the figures for "percentage of sward" on the other. 

He reports that Levy's "relative f~equencyU gives a value largely 

dependant on the "percentage of ground covered by speciestt • He 

divided "relative frequencylt by "percentage of ground covered by 

species", which estimates the number ot: times the ground is covered 

by the species in question where it is present and is termed the 

"cover repetition". 

"As a result of many years' experience Levy has now discarded 

the formulae and expresses readings simply as the number of hits 

per 100 points examined," Brown (19.54). 

(v) Estimation of Bare Ground 

Goodall (1952), reports that Lindquist (1932), tested the 

Point Quadrat method on distributions of pieces of paper cut to 

three different sizes. Lindquist found that the ground covered 

was consistently overestimated being much more with the smaller 

pieces than with the largest size o Goodall (1952), came to the 



same conclusions on studying grassland vegetation, mentioning 

that where data for the perc"entage cover only is required, an 

optical apparatus is preferable to a rigid pin. 

Quadrat Charts 

The charting of vegetation is considered by many to be slow 

and laborious, however it can give very useful inf'ormation in 

successional studies. A comparison of the sequence of charts 

over a period, may be as useful as other techniques in recording 

charge, as from charts one can judge the changes in the individual 

species which have taken place. On" temporary quadrats techni-

ques of analysis other than charting are generally used. 

The di:f':f'erent methods used in charting vegetation are basic-

ally very similar and con:f'ined mainly to the analysis of open 

grasslands. liThe usual practice on open rangeland in the Un! ted 

States of .America is to outline the basal area of all plants 

occupying an area of .5 sq.cms. or more, and to indicate with a 

dot the position of those of smaller area," Brown (1954).. Chart-

ing of' basal areas is the most common method of assessing cover, 

owing to it being more independant of seasonal variations than 

foliage cover .. 

The different charting techniques in use today have mainly 

arisen from some techlilical improvement which has reduced the time 

and labour involved.. The quadrat may have a square or a rec-

tangular shape, ~d is generallY subdivided to aid measurement and 

assessment. Brown (1954), reports the following charting tech-

niques in use at the present time: Pantograph charting described 

by Pearse, Pechanec and Pickford (1935); Puniv charter described 
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by Hector and Irvine (1938); Tripod method described by Booth 

(1943); and the Camera method described by Rowland and Hector 

(1934) • 

(c) Revegetation Studies on the Tu~sock Grass~anq~ 

The first regrassing esperiments were laid down by MacPherson 

in 1910" Areas were fenced off in both the Mackenzie Country and 

Central Otago, some 40 species of grasses and herbaceous plants 

being included in the sowings. Sowings were continued in these 

areas until 1913. Reporting on these trials MacPherson (1913), 

stated that the species showing greatest promise were tall oat 

grass Arrhenatherum elatius, awnless brome-grass Bromus inermis, 

cocksfoot Dact~lis glomerata, prairiegrass Bromus catharticus, 

twitch Agropyron repens, Phalaris comuta~, white clover 

Trifolium repens, lucerne and sheep's burnet Sanguisorba minor. 

He considered that drilling was by far the best method of estab-

lishing the different species, surface sowing being uneconomic. 

In the Mackenzie Country spring sowings established best whilst 

in Central Otago autumn sowings were preferable .. 

Ward (1923), carried out regrassing trials in the Mackenzie 

Country, the first areas being sown down in 1921. General con-

clusions after two years were that spring was the best time to 

sow and frost-cracked bare ground with a southerly aspect afforded 

the best chance of a successful strike. The regrassing of the 

"shady" country should be attempted before "sunny" faces, or 

those positions exposed to the north west winds. Yorkshire fog 

Holcus lanatus, .cocksfoot, yarrow, perennial ryegrass Lolium 

perenne, lucerne, tall oat grass, white clover and sheep's burnet 
showed considerable promiseo 
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McGillivray (1929), inspected and reported on the above areas. 

Sa.wings on dry sunny faces were a failure .. The most successful 

species were cocksfoot, tall oat grass, Poa pratensis, chewings 

fescue Danthonia rubra, yarrow, lucerne, browntop ~rotis tenuis, 

sheep's burnet and in some places white clover. 

Rather extensive trials were instituted by L. Cockayne (1920), 

in the Earnscleugh area of Central Otago to study methods of sow-

ing, time of sowing, determination of useful species and the ch~f 

in vegetation under protection. Three years after the first sow-

ings, a committee consisting of Middleton, Smith and Bruce (1923), 

inspected and reported on th~se trials" The most successful 

plants were lucerne, yarrow, sheep's burnet, chockory, cocksfoot, 

tall fescue Festuca aTundinacere and perennial ryegrass. Surface 

sowing was, in most cases, as successful as the method where the 

seed was raked into the topsoil after broadcasting .. 

Tennent (1935), inspected Cockayne's sowings and found that 

after fifteen years the most successful species were lucerne, 

cocksfoot, tall fescue, chewings fescue, chickory and yarrow. 

These areas had been protected from stock except for a period of 

two years commencing in 1930. It was recommended that shady facet 

should be sown in the spring, whilst late autumn was most suitable 

for slopes with a northerly aspect. Best results of sowings 

were obtained on shady faces, and it was considered that to ensure 

satisfactory establishment the young'plants should not be grazed 

for the first eighteen months. 

Calder (1944), reported on regrassing trials in the Mackenzie 

Country, where grazing was allowed to simulate normal pastoral 
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practices 9 on areas spelled from approximately November 1st to 

the end of April the following species, in order of merit, were 

successful, lucerne and tall oat grass, cocksfoot, blue wheat 

grass Agropyron scabrum, Poa pratensis, browntop, Danthonia pilos~, 

subterranean clover Trifolium subterranenm, yarrow and chewings 

fescue. The six months' spell from grazing appeared to pe the 

main contributing factor to the success of lucerne and cocksfoot. 

Studies on the germination and establishment of both exotic 

and indigenous ppecies were carried out in the Omarama district 

by Dunbar (1950). Conclusions were that early spring sowings 

were superior to autumn sowings. Phalaris tuberosa and subterran-

ean clover germinated very well in the autumn but winter mortality 

was high. Phalaris tuberosa, tall oat grass and Agropyron 

scabrum were recommended for further trial. 

Saxby (1950), states nSoma degree of disturbance of the soil 

before seeding seems essential in the dry areas before satisfac-

tory germination will occur." Cocksfoot, Phalaris tuberosa and 

lucerne are recommended as the most likely species for favourable 

establishment. 

The initial regrassing trials on the Broken River experiment-

al area in the Waimakariri watershed were laid down in 1953 .. 

DingWall .( 1955) has reviewed recent findings on this area. 

Evidence obtained so far indicates that drilling of the seed with 

specially strengthened coulter tips, gives by far the most suc-

cessful establishment. Red clover, alsike , Trifolium hybridum 

and white clover can be readily established in fescue tussock 

country by broadcasting, broadcasting on a pitchpoled area and 
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drilling. Drilling gives a more even strike. Inclusion of the 

grass species, perennial ryegrass and cocksfoot, in the initial 

oversowing does not appear warranted unless some form of prior 

surface cultivation is adopted, or the existing cover is naturally 

open. 

McLean (1956), reviewing recent research work in this field, 

considers that the drilling of clovers into the existing sward 

encourages the germination of the seed, and the furrows or drills 

protect the young plants. If a dense twitchy cover of grasses 

is present, the young clover plants suffer from the competition 

of the existing plants, and the furrows tend to knit over very 

quickly, smothering the young plants. 

Dick (1956), commenting on regrassing trials in the Waimak-

ariribasin has shown that clover seeds are able to establish 

merely by oversowing, whereas with grasses this is much more dif-

ficult. Species which have established reasonably well are tall 

oat grass, cocksfoot, chewings fescue, lucerne, yarr:aw, white 

clover, red clove~ alsike and suckling clover, Trifolium dubium. 

Very early spring sowings have given best results o 

In most of the earlier work the seed was sown alone. How-

ever, in recent years it has been found that the application of 

artificial fertilizers has, in many cases, given very favourable 

responses. Obviously the type of fertilizer and the quantity 

needed depends on the nutrient status of the soils in each par-

ticular area. Satisfactory results have been obtained by aerial 

spreading, but the responses have been greater still when the 

fertilizer has been drilled into the ground with the seed. 
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Dingwall (1955), recommends the minimum dressing of 1! cwt. of 

superphosphate plus 2i ozs. of sodium molybdate per acre for 

successful establishiment in the upper reaches of the Waimakariri 

water shed. Top dressing is essential for the production of 

vigourous growth which, in the earlier years, is almost entirely 

clover growth .. 

Walker, Adams and Orchiston (1955) ,carried out trials to 

assess the effects of SUlphur, phosplP.rms .. andmolybdenum on the 

yield and composition of oversown clovers in the Canterbury foot-

hills. On the average, SUlphur was more important than phos-

phorus, but both were needed to obtain good establishment and 

clover growth. Molybdenum had no significant effect on the 

growth in the first year. 

McLean (1956), reports that topdressing alone in the higher 

raiilf'all country, results in a marked increase of volunteer white 

clover, but this olover is not as productive or as perSistent as 

a oertifiedtype. 

Sievwright (1956), has conducted investigations dealing with 

the improvement of tussook areas in the Mackenzie Country ~ a 

seven year period. He ooncludes that clover and luoerne are 

readily established, wmereas, with the exception of cooksfoot and 

tall oat grass, the introduotion of grass species is difficult 

and slow. Sown areas should be spelled for at least four months 

after sowing in the spring, and only sparingly grazed during the 

first year. An appli~ation of 2 cwt. of rever~ed superphosphate 

per aore gives favourable responses in this area. Sievwright 

(1955), in discussing the effeots of aerial topdressing of tussook 
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areas in the Mackenzie Country, suggests that the improved 

nutrient status of' soils appears to render browntop more palat-

able to stock. 
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PART II EXPERIMENTAL 

A. A COMPARISON OF A NUMBER OF DIFFERENT METHODS OF 

BOTANICAL ANALYSIS USED ON MONTANE TUSSOCK VEGETATION. 

INTRODUCTION 

Fundamentally the methods that have been developed for 

measuring vegetation are based on the growth habit and growth 

form of the plants. In tussock grassland areas, the vegetative 

growth of the dominant individual plant becomes concentrated into 

a bunch or tussock, which is markedly different from the general 

growth for.m of improved pastures. The native tussock forming 

species provide an upper stratum, under which introduced and 

native plants are distributed in an aggragated or random manner. 

Owing to this distinct stratification of the tussock vegetation, 

methods of analysis, which may be suitable for vegetation of a 

more homogeneous structure, are not entirely suitable and modi-

fications are generally necessary before the methods can become 

useful and accurate tools in grassland research. No one method 

of analysis has so far been able to give a completely satisfactory 

picture of range condition. 

Whilst recording the changes in vegetation which had taken 

place over the ten year period, it became apparent that certain 
-

characteristics of the Point Quadrat method presented difficulties 

in use with tussock vegetation. The most noticeable difficulty 

was in obtaining an accurate assessment of the total number of 

hits recorded by each pin as it passed through the vegetation, 
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particularly if it happened to pass through the middle of a tus-

sock .. It was also felt that this method did not give an accurate 

representation of the amount of bare ground recorded and finally 

that the time taken for each reading was longer than was prac-

ticable .. The Point Quadrat method is widely used in New Zealand 

and the opportunity was taken of comparing the results obtained 

by the use of this method with three other methods. They are:-

(1) The Point Quadrat method recording initial hits only. 

(2) The Step-Point method. 

(3) Quadrat charting. 

It was realized that it was rather unlikely that any one of 

the techniques would provide a true picture of all the character-

istics of the vegetation, nevertheless the study would add to the 

evidence already obtained on the use of different techniques on 

tussock grassland. 

LOCATION OF AREAS 

The permanent quadrats used for analysis at the Longhill, 

Craigieburn and Marymere Sites, were used for the assessment of 

quadrat charting and the recording of initial hi tS e An area 

adjacent to the Longhill plot was analysed using the Step-Point 

method. 

(1) Recording of initial hits 

Method. 

For the December reading an all three sites the initial hits 

of species on the pin were reoorded as well as the total number 

of hits. The method of sampling was identioal to that described 

in section B.~ thus 2400 points were used for oomparison purposes. 
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gesults 

Table II represents a comparison of the average percentage 

composition of the dominant species on all areas, obtained by the 

recording of initial hits and the total number of hits. The 

details of the individual areas are shown in Appendix I. 

TABLE II 

THE AVERAGE PERCENTAGE COMPOSITION OF SPECIES OBTAINED 

BY (a) POINT QUADRAT METHOD AND (b) THE INITIAL HIT METHOD .. 

STANDARD DIFF. FROM 

SPECIES POINT QUADRAT INITIAL HIT POINT QUADRAT 

Festuca novae-zealandiae 29 .. 6 34.6 +5.0xx 

Poa colensoi 35 .. 7 26 .. 3 -9.4 xx 

Anthoxanthum odoratum 7.2 21.2 +14.0 N .. S .. 
Agrostis tenuis 8.0 13 .. 8 +5.8xx 

Hypochaeris radicata 7.5 6.2 -1 .. 3 N.S .. 
Agropyron scabrum 6.6 11.8 +5.2 N.S. 
Coprosma Petriei 12.2 1 .. 4 -10.8 NeS .. 
Trifolium dubium 7.4 5 .. 4 -2 .. 0 N .. S. 
Celmisia gracilenta 8.7 7 .. 8 -0 .. 9 N .. S .. 

Footnote: Throughout the thesis the results have been sub-

jected to statistical analysis and significant 

differences are distinguished thus: 

Significant at 1% level. 

x Significant at 5% level. 
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Discussion 

It will be seen that by comparing the "Initial hit" method 

with the "Spandard Point Quadrat" method, the taller growing 

species, Festuca novae-ze~landiae, Anthoxanthum odoratum, 

Agrost:t.s .tenuis (in flower) and Agro'Qyron scabrum are recorded 

in a higher percentage. On the other hand the lower growing 

species, Poa colensoi, HY'Qochaeris radicata, CO'Qrosma Petrie~, 

Trifolium dubium and Celmisia gracilenta are recorded in a lower 

percentage. 

The differences are in keeping with what one would have 

expected from the two methods. They are however, reasonably 

similar and one might accept the results by either method as a 

record of botanical composition for comparing one area with 

another.. An important feature of the "Initial hit" method is 

that because of the easy identification of a "hitU the time 

taken for two men to record 400 initial hits was only forty min-

utes whereas'the time taken to record 400 total hits was approx-

imately one hundred and twenty minutes, i.e. three times as 

long. The counting of initial hits only, also reduces the con-

siderable errors involved in assessing the total number of hits 

on a pin in dense vegetation. 

(2) Quadrat Charting 

Method 

A quadrat, one yard square, was marked out on the permanent 

plots of both the grazed and protected areas.. Each quadrat was 
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placed at random. The quadrat was divided into nine one square 

foot sections to aid mapping. All charts were drawn in mid 

January 1957. Those species with a basal area of less than .03 

square inches were denoted by a symbol and were not included in 

the final addition which gave the total basal cover provided by 

each species. The basal areas of all mapped species were 

measured with a planimeter. The error involved in the measure-

ment of the basal area of species, with the planimeter, was in 

the vicinity of 1%. The total basal cover of each species was 

expressed as a percentage of the total plant cover. Bare ground 

was measured as a check on the accuracy of the measurement of 

total cover .. 

Results 

The quadrat charts for Longhill are presented in Chart I as 

examples .. 

A comparison of the percentage density or percentage cover 

obtained by the Point Quadrat method in December t and that ob-

tained by quadrat charting, is presented in Table III.. For 

comparative purposes all but those species of very minor impor-

tance, which are grouped under "other speCies", have been 

separately recorded. The figures in Table III are the average 

for all six areas .. 

Appendix II .. 

The details of the six areas are shown in 
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TABLE III 

THE AVERAGE PERCENTAGE COVER ON THE SIX AREAS OBTAINED BY 

QUADRAT CHARTING AND THE POINT QUADRAT METHOD. 

STANDARD QUADRAT DIFF. FROM 
SPECIES POINT QUADRAT CHART POINT QUADRAT 

Festuca novae-zealandiae 17 .. 9 14.5 - 3.4 N .. S. 
Poa colensoi 22.1 23.3 + 1.2 N.S. 
Anthoxanthum odoratum 2.2 1.7 - 0 .. 5 N.S. 
Agrostis tenuis 4.2 4.4 + 0.2 N.S. 
Hypochaeris radicata 2.9 8.3 + 5.4 N.S. 
Coprosma Petriei 4.5 9.1 + 4.6 N.S. 
Raoulia subsericea 0 .. 8 7.2 + 6.4 N.S. 
Discaria toumatou 3.0 4.9 + 1.9 N .. S. 
Litter 38 .. 5 36.5 - 2.0 N.S. 
Bare ground 1.8 18.4 +16.6 • 

Discussion 

The quadrat chart has given very similar results to the 

standard Point Quadrat method with the exception of bare ground. 

The quadrat chart has recorded 16 .. 6% more bare ground than the 

Point Quadrat method. It appears that this method does over-

come one of the weaknesses of the Point Quadrat method in the 

study of open vegetation where the species are aggregated into 

tussocks. The time taken in plotting one quadrat chart was 

about one hour and the time taken for planimeter recording and 

calculations was also about one hourG 

(3) The SteR Point Method 

This method of recording vegetation is in use in the 
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rangelands of the United States or America and has been describ-

ed by Evans and Love (1956). 

Method 

In step-point sampling an individual pin is used rqther 

than pins grouped on a frame. Each individual step-point is 

recorded by the operator lowering the sampling pin which is 

guided by a notch on the toe of the boot. The boot is held at 

an angle of apprOXimately 300 to the ground to avoid disturbing 

the vegetation in the immediate vicinityo The pin is lowered 

at right angles to the boot, until it hits the vegetation or 

bare ground. The first species hit by the point or the side of 

the pin is recorded. If the pin strikes bare ground without 

touching the vegetation, the species nearest to it in a forward 

direction is recorded. 

The pattern used in this study consisted of 100 step-

points distributed over an area of one acre. Five transects 

40 feet apart each consisting of twenty equally spaced step-

points were set out. The distance between each step-point was 

four paces~ The initial step-point was randomly placed in the 

vicinity of the permanent quadrats used for Point Analysis. 

Ground cover was determined by the following method. A 

square foot frame was divided into four quadrats and when placed 

on the ground the percentage of ground cover was estimated by 

eye. Two frame readings were taken on each transect, the 

frames being ten s~ep-points apart. The positions of the frame 

on the five transects were so spread as to give a representative 

sample of the area under study. To obtain the exact location 
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of the frame, one of the crossbars used for subdivision was 

aligned with the notch on the toe of the operator's boot. 

Two sets of 100 step-points were taken in close proximity 

to the permanent quadrats. Readings were taken only on the 

Longhill site. These step-point readings were recorded on 

January 27th 1957 and the point quadrat method of analysis used 

for comparison, was recorded on January 22nd 1957. 

Results 

The results of the analysis of the vegetation by the Step-

Point method and the Point Quadrat method are shown in Table IV. 

TABLE IV 

THE RESULTS OF THE PERCENTAGE COMPOSITION OF THE MAJOR 

SPECIES OBTAINED BY THE POINT QUADRAT AND THE STEP-POINT METHOD .. 

POINT QUADRAT STEP-POINT DIFF. FROM 
SPECIES Mean of Mean of POINT QUADRAT 200 Points 200 Points 

Festuca novae zealandiae 24.9 23.5 -' 1 .. 4 N.S. 
Poa-oolenso1 44 .. 7 22 .. 5 -22 .. 2 .-
Anthoxanthum odoratum 7.8 22.0 +14 .. 2 N.S .. 
Agrostis tenuis 1 .. 3 9.5 + 8.2 N.S. 
Hypoohaer1s rad1cata 7.6 5.0 - 2.6 N.S" 
Other Species 13.7 17 .. 5 '*" 3.8 NeS. 
Peroentage Cover 96.5 81 .. 0 -15.5 N.S .. 

Disoussion 

These results from the Step-Point method are very similar 

to those obtained by the if1ni tial hi t n method. For the major 

species the oontrast can be seen in Table IVa whioh shows the 



-48-

comparison in the diff'ere'nces of the two methods wi th the Point 

Quadrat method. 

TABLE IVa 

THE DIFFERENCE IN PERCENTAGE COMPOSITION OF THE MAJOR 

SPECIES FROM THE POINT QUADRAT METHOD WHEN MEASURED BY THE 

"INITIAL HIT" AND THE STEP-POINT METHOD .. 

DIFF. FROM POINT QUADRAT METHOD 
SPECIES "INITIAL HITtI ttSTEP-POINT" 

Festuca novae zealandiae + 4.9 - 1.4 
Poa colensoi - 9 .. 4 -22.2 
Anthoxanthum odoratum +14.0 +14 .. 2 
Agrostis tenuis + 5.8 + 8.2 
Hypochaeris radicata - 1.3 - 2.6 
other species ... + 3.8 

The time taken for the recording of the Step-Point method 

was approximately one hour. This is slightly longer than for 

the"ini tial hi til method but considerably less than the Point 

Quadrat and Quadrat chart methods. 

General Discussion 

When comparing the three methods with the Point Quadrat 

method which records the total number of hits, it must be 

remembered that this latter technique does not necessarily give 

a complete and accurate representation of the vegetation. 

Nevertheless, as it is a widely known New Zealand method it was 

chosen as the standard for comparison. In addition the operator 

had had sufficient experience with the method to ensure that 
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errors due to personal ractors were reduced to a minimum. I . 

The 1IInitial hit" and the Step-Point methods are so similar 

that they can be considered together. Both methods give great-

er figures for percentage composition of the taller species and 

~ower figures for the shorter and more prostrate species. The 

results however are quite comparable with the standard method. 

As long as one realises that there is a tendency to give higher 

results ror the taller species and lower results for the shorter 

species, both methods appear to have considerable merit. This 

is particularly so when one considers the differences in the 

time consumed by all methods. 

summary rorm in Table V. 

TABLE V 

These times are presented in 

OOMPARISON OF THE TIME TAKEN AND LABOUR INVOLVED FOR THE 

DIFFERENT METHODS OF ANALYSIS .. 

TIME RE- TIME REQUIR-
LABOUR QUlRED ED FOR TOTAL 

FOR ONE PERSON MAN 
METHOD NO .. OF PERSONS FIELD WORK FOR ANALYSIS HOURS 

(Hrs.) (Brs" ) 

Point Quadrat 
(a) Total Hits 2 2 1 5 
(b) lni tial hi ts 2 

'* '* 
1~ 

Quadrat Charts 1 1 1 2 
Step-Point 1 1 i 1! 

It is seen that both the "Initial hit" and Step-Point 

methods require about one third the. number of man hours as does 

the standard Point Quadrat method .. 
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This is an important finding and one can recommend that 

for studies involving comparisons between different areas or 

treatments on tussock grassland vegetation, for all but the most 

refined analyses, one or other of these two methods will give 

very satisfactory results. 

All these methods which use the pin or point in tussock 

grassland studies, where an open type of vegetation exists tend 

to give low figures for bare ground. By comparing the results 

of the Point Quadrat analysis with the appearance of the quadrat 

it is clear that the percentage of bare ground is underestimated 

by the Point Quadrat method. This observation is supported by 

comparing the results obtained by Quadrat charting (18.4%) with 

the Point Quadrat results (1.8%). 

The Step-Point method has met this defect by introducing an 

independent recording of the density of the vegetation by the use 

of a separate small square which can be placed at random to re-

cord density and cover. 

The Quadrat Chart does both and the time in man hours in-

volved is less than half the time taken by the Point Quadrat but 

slightly more than the other two methods. 

The results show that when these methods of botanical 

analysis are used in tussock grassland work, their usefulness 

varies according to the characteristics of the vegetation 

measured. 

(i) Quadrat char:ting is a very useful method for measuring 

cover and density of all species. 

(ii) The recording of the total number of hits USing the 
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Point Quadrat frame gives an accurate measurement of the per-

centage composition of all species but gives a low figure for 

bare ground .. 

(iii) The "Initial hit" and Step-Point methods have a promis-

ing future, being rapid and satisfactory for assessing the per-

centage composition of the vegetation for comparative purposes .. 

One noticeable feature of the study was that before any one 

method is adopted, the particular characteristics of the plant 

community one requires to measure, should be clearly defined. 

No one method of those studied was suitable for the measurement 

of all the characteristics of the tussock vegetation. 

C'onclusions 

(i) The Point Quadrat method of analysis, recording the 

total number of hits on vertical pins, is the most suitable of 

the techniques studied for determining botanical composition and 

density of individual species, although the difficulty in counting 

hits indicates that considerable errors may be involved when 

sampling dense vegetation such as tussock grassland. This method 

is not particularly suitable for evaluating percentage cover, 

underestimates bare ground and is time consuming. 

(ii) Quadrat charting is a comparatively rapid and accurate 

means of measuring percentage density or cover of individual 

species.. It is a direct method, and especially useful for re-

cording vegetation which is aggragated into clumps or tussocks .. 

Charting of basal areas is probably the most useful method for 

estimating the importance of prostrate species-in a plant c~

munity.. The time involved is approximately half that required 
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for the Point Quadrat method recording the total number or hits. 

(iii) The recording of initial hits only, using a point rrame 

analyser is very rapid. It underestimates the percentage COID-

position or low growing species, with a corresponding overestima-

tion or taller species, but gives a reasonably similar result to 

that obtained by recording the total number or hits. Recording 

or initial hits may be userul in measuring the dominants or 

grassland associations. 

(iv) The Step-Point method provides a rapid means of assess-

ing t,he taller units or the vegetation or an area. However, it 

also has the fault of underestimating the dwarr and low growing 

speci'es in montane tussock vegetation. It may be very useful 

ror measuring and comparing the dominant speCies or dirrerent 

areas. 

(v) A combination of the best features or the Point Quadrat 

and Quadrat char~ing techniques, may ultimately provide the most 

suitable means ror describing montane tussock grassland. 

(Vi) None of the above techniques proved valueless ror 

measuring and assessing features or the montane tussock grassland. 

The characteristics of the vegetation which are to be measured 

should be clearly defined before any one method is chosen. 
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B. A STUDY OF THE EFFECT OF TEN YEARS· PROTECTION FROM GRAZING 

ON MONTANE TUSSOCK GRASSLAND 

LOCATION OF AREAS 

The sites used were those laid down by Sewell (1947). His 

description of the areas is as follows: 

If Sma 1 1 areas of approximately a quarter chain square were 

fenced with stakes and wire netting on Kaikoura soils of rolling 

or flat phase in the following localities:-

(a) On the flats in the vicinity of Mte Long Hill at an altitude 

of about 2000 ft. - referred to as the Longhill enclosure. 

(b) On the terrace behind the Craigieburn homestead at an alti-

tude of about 2000 ft. - referred to as the Craigieburn Ewe 

Country enclosure. 

(c) On the slopes of a hill to the north of Lake Marymere at an 

altitude of about 1920 ft. - referred to as the Marymere 

enclosure .. 

The plots were not made proof against rabbits because of 

their absence in the above localities but the wire netting was 

pegged down to prevent the access of hares." 

Ao Method 

The Point Quadrat method developed by Levy was used, 

the analysis of the data being expressed in two ways, namely, 

"the relative frequency or density of each species. in the cover", 

i.e. hits per 50 points, and lithe percentage each species is con-

tributing to the pasture sward".. In order to ensure an accurate 

comparison with the read1ng~ taken by Sewell in 1946, the methods 

used were, as far as was practical, identical in every" respect. 
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(i) Plot La:y:out 

Two plots, A and B each approximately ~ yards x 

1 yard were marked out inside each enclosure. Similar plots were 

selected outside the enclosures at a distance of 20 to 30 feet. 

The layout is shown in Fig. I. The plots, both inside and out-

side the enclosures, were spaced approximately one yard apart, so 

that botanical analysis could be made without trampling the vege-

tation on the plots by walking between them. 

Twine was stretched around the four corner pegs and a tape 

was run between the centre pegs to facilitate measurement. 

(ii) Method of Botanical Anal:y:sis 

The Point Analyser used consisted of a frame 

mounted on detachable legs 20 1t long. The frame supported 10 pins 

spaced 2tf apart which moved in a vertical course. 

length of the analyser was 20 11 .. 

The overall 

To obtain an even distribution of analYSis, the plots were 

divided into four sections 0 - 4 ft., 4 - 8 ft., 8 - 12 ft., and 

12 ... 16 ft. ' 

The analyser was placed within each section five times at 

random, two on each side and one in the centre, making 50 points 

per section, 200 points per plot and 400 points per enclosure. 

A similar sample was taken outside the enclosure So 

The total number of hits of the vegetation on each pin was 

recorded.. Dead leaves were recorded as ttli ttertt and when the pin 
not 

did/toUCh leaves or litter the hit was recorded as bare ground. 

(iii) Frequenc:y: of Analyses 

Analys~s were made on the first week in March 1956 $I 
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the last. week in August 1956 and the first week in December 1956 
so as to record autumn, winter and early summer conditions. The 

position of the analyser on each plot was recorded in the March 

reading, so that the two latter analyses were taken on practically 

the same positions. In this manner, errors involved in recording 

the botanical changes, which take place throughout the year, were 

kept to a minimum. 

B. Results and Discussion 

I. Changes over the ten year period (1946-56) 
In studying the changes which have taken place over the 

ten year period the December records were used in both instances. 

Total density, density of major species and percentage composi-

tion were examined. 

(a) Total density. 

The changes in total density are shown in Figure II. 

The figures from which this diagram has been derived are present-

ed in Table VI. 

TABLE VI 

DENSITY OF THE VEGETATION ON THE THREE SITES IN 1246 AND 
IN 1956. (Hits per 50 pOints, average of 400 points.) 

SITE 1946 1956 DIFF. % INCREASE 

Longhill 
Grazed 139.8 241 .. 3 101 .. 5 72 .. 8 
Ungrazed 115 .. 9 207 .. 5 91 .. 6 79.0 

Craigieburn 
Grazed 159.7 222 .. 1 62 .. 4 39 .. 1 
Ungrazed 145 .. 8 287 .. 7 141.9 98 .. 0 

Marymere 
29 .. 6 Grazed 180 .. 7 235 .. 9 55.2 

Ungrazed 170.9 298.4 127.5 74.8 
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In 1946 it will be noted that in the grazed areas the Long-

hill site had the lowest density. By 1956 the grazed area on 

Longhill had increased by72.B% whilst the Craigieburn and Mary-

mere grazed areas had increased by 39.1 and 24.6% respectively. 

Likewise on the ungrazed areas, the Longhill ungrazed site 

had the lowest density in 1946. It also had the lowest density 

in 1956. It appears from these results that the "site qualityll 

or soil fertility on the Longhill site is lower than that of 

Craigieburn or Marymere. 

On the ungrazed areas the percentage increase on all three 

sites was of a similar order, i.e. 79.0, 9B.0 and 74.B%. The 

average percentage increase over the ten years is B3.9%. 

On the grazed ar'eas however, the percentage increase in den-

sity is more varied, i.e. 72.B, 39.1 and 29.6% with an average 

percentage increase of 47.2%. This reduced percentage increase 

in density of the grazed areas as well as the variation on the 

different areas is associated with the different intensities of 

grazing, which no doubt have occurred and of which no records can 

be presented .. 

Grazing has been re.aponsible for a reduced increase in den-

si ty when compared wi th ungrazed areas.. In 1956 after ten years' 

protection from grazing the density of the vegetation is 36.7% 

greater than on grazed areas. 

The general mean increase in density of the vegetation on 

both the grazed and the ungrazed areas of 65 .. 6% is probably a 

result of favourable seasons. No evidence is available to sup-

port this suggestion as climatic, data for the region are by no 
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means complete. 

(b) Density of Festuca novae zealandiae and Poa colensoi 

These two species are the dominant tussock plants in 

the vegetation on all sites and their behaviour over the ten 

year period is shown in Table VII. 

The method of statistical analysis used on the following 

comparisons is the same as that presented by Sewell (1947). 
TABLE VII 

DENSITY OF FESTUCA NOVAE ZEALANDIAE AND POA COLENSOI ON THE 

THREE SlIDES IN 1 946 AND 1 956 .. 
400 points.) 

Festuoa h.z. 
arm 1946 1956 DlFF .. 

LQI1GHILllj , 

Grued 38 .. 2 79 .. 9 -141 .. 7 
Ungrazed 28.7 4-3.4- .. 14 .. 7 ' 

Dif':t.. between 
Grazed and 
Ungrazed -9.5 -36 .. 5 

CRAIGIEBURN 

Grazed 53 .. 8 76 .. 1 +22.3 
Ungrazed 66 .. 1 114..4- +48 .. 3 

+12 .. 3 +38.3, 
:MAImD'mE 

Grazed 63.8 45 .. 4- .... 18.4-
Ungrazed 72.5 92 .. 4- +19 .. 9 

+8.7 ·447 .. 0 

: 

(Hits per 50 points, average of 

Paa oolensoi 
DlFF .. % 1946 1956 D:IFF. DIl!'.m'.%, 

** 108.0 20.8 91 .. 1 +70.3; 351.&1'· 
.* 38.2 136.()111· 51;-.3 90.0 +51 .. 8 

+17 .. 4- -1 .. 1 

4-1.l!"· 38 .. 2 97 .. 6 <f:59 .. 4 155. ()III. 
73.1·· 38.2: 94..9 <f:56.7 148 .. ,..· 

0 .. 0 -2.7 

28 .. 81'· 46 .. 5 8O~4 +33 .. 9 73 .. ()III. 
27 .. 4·· 4-7.2 70.8 .+23.6 50. ()III. 

+ .. 7 -9 .. 6 

(i) Festuca novae zealandiae 

In 1946 the densi ty of Festuca novae zealandiae on 

the grazed areas.was lowest on the Longhill site but by 1956 had 
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increased by 108% to a density greater than either Craigieburn or 

Marymere. On Marymere the denSity in 1956 was lower than in 

1946 by 28.8%t this probably being the result of the area being 

burnt two to three years previously. 

Of the ungrazed areas in 1946 the Longhill site once again 

had the lowest density. By 1956 all three ungrazed areas had 

shown an increase: Longhill 54.6%, Craigieburn 73.1% and Marymere 

27.4%. The lowest increase was on the Marymere area supporting 

the suggestion that the burn was responsible. 

(ii) Poa colensoi 

,On all sites the density of Poa colensoi has in-

creased much more than has Festuca novae zealandiae. The overall 

increase on both grazed. and ungrazed areas has averaged 152.4%. 
The Longhill grazed area has shown the greatest increase since 

1946 and this may be associated with the fact that the grazing on 

this site has been less than on the other two sites. On the un-

grazed areas the increases tend to be lower than on the grazed 

areas whereas with Festuca novae zealandiae, with the exception of 

Longhill, the increase on the ungrazed tends to be greater than on 

the grazed .. In other words the density of Poa colensoi has in-

creased under grazing more than has Festuca novae zealandiae. 

The ability of Poa colensoi to thrive under grazing and burning 

has already been noted, Cockayne (1915), this being attributed to 

its low growth form. Although the density of Poa colensoi in the 

vegetation is approximately the same as that of Festuca novae 

zealandiae, at no time does it appear as the dominant species 

owing to its comparatively low growing habit. 
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(c) Density o~ Anthoxanthum adoratum and Agrostis tenuis 

These two species are both introduced and are generally 

considered to provide the major bulk o~ the feed eaten by stock. 

Anthoxanthum odoratum is a perennial and has a t~ted habit of 

growth while Agrostis tenuis has a matted habit o~ growth. Both 

are regarded as fairly palatable in tussock grassland areas. 

Anthoxanthum odorat~ is widespread in the district. It seeds 

~reely early in the summer and the seed establishes readily with 

summer and autumn rains. It is very palatable in the early spring 

U~ortunately Agrostis tenuis was not present in s~~icient guan-

tity in 1946 to have been recorded separately. Since then how-

ever it has become so plenti~ul that it was recorded in 1956. 

The records o~ 1956 of Agrostis tenuis do not indicate the in-

crease which has taken place since 1946 as the grass was probably 

included in tlother grasses" in that study .. 

The behaviour of the two species is shown in Table VIII. 

TABLE VIII 

DENSITY OF ANTHOXANTHUM ODORATUM ON THE THREE SITES IN 1246 

AND 1 Q56 AND THE DENSITY OF AGROSTIS TENUIS RECORDED IN 1956 .. 

(Hits per 50 pOints, average o~ 400 points.) 

AGR .. TENUIS ANTHOXANTHUM ODORATUM 
SITE 1956 1946 1956 DIFF. ?O DIFF. 

LONGHILL 
Grazed 10 .. 8 18.1 ,20 .. 1 +2.,0 +11.1 N.S .. 
Ungrazed 5 .. 2 10 .. 4 6 .. 2 ,-4 .. 2 -40 .. 4 •• 

+7.7 +13 .. 9 
CRAIGIEBURN 

I Grazed 13.,3 34 .. 2 1.8 -32.4 -95.0 ** Ungrazed 15 .. 5 33.9 1 .. 6 -32.3 ~95,,5 ** + .. 3 +02 
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AGR.TENUIS ANTHOXANTHUM ODORATUM 

SITE 1956 1946 1956 DIFF. % DIFF. 

MARYMERE 
Grazed 25.5 21 .. 1 10.0 -11 .. 1 -52.6 ** 
Ungrazed 16.1 23 .. 1 1.3 -21.8 -94.4- ** 

.. 0 +8.7 

(iii) Agrostis tenuis 

The density of Agrostis tenuis is greatest on the 

Marymere site whilst on the Longhill site the density is quite 

low. On these two sites the density of this mat forming grass 

is greatest on the grazed areas. On the Craigieburn site there 

is little difference. . The increased density of Agrostis tenuis 

on the Marymere site agrees with the fact that the area was burnt 

two or three years ago. The grass would benefit from the removal 

of shade of the tussocks and just as there is an increase of 

Agrostis tenuis-'under grazing so is there an increase under burn-

ing, both practi6.es tending to reduce shading of the bottom 

grasses o 

(iv) Anthoxanthum odoratum 

Just as there has been a marked increase in the 

density of Poa colensoi over the ten year period so there has 

been a marked decrease in the density of Anthoxanthum odoratum 

averaging 61.1%. The only area in which an increase has occurred 

1s the Longhill grazed area but it is relatively small e The 

greatest increase in Poa colensoi and Festuca novae zealandiae 

also occurred on this site. In general however the decrease of 
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this species in place of the increase in density of all others is 

most interesting. There appears to be no difference, except 

perhaps on the Longhill site, between the grazed and ungrazed 

areas .. The only suggestion that can be offered for this reduc-

tion in density of Anthoxanthum odoratum is that under the exist-

ing conditions it is unable to withstand the competition from the 

increasing density of the tussock species and Agrostis tenuis. 

The increase in density of Agrostis tenuis agrees with the 

findings of Dick~956), who, reporting on the Waimakariri basin, 

states "The vegetational spread of vernal and browntop indicates 

that they are more suited to the habitat than the native grasses 

when grazing occurs ll .. 

(d) Density of Hypochaeris radicata and "litter" 

The behaviour of Hypochaeris radicata which has a "flat 

weed" growth habit was eXamined" The results together with the 

behaviour of litter are presented in Table IX" 

TABLE J;X 

DENSITY OF HYPOCHAERIS RADICATA AND "LITTER" ON THE THREE 

SITES IN 1946 AND 1256. (Hits per 50 points, average of 400 

points .. ) 

SITE HYPOCHAERIS RADICATA LITTER 
1946 1956 DIFF .. % 1946 1956 DIFF .. % 

LONGHILL 
Grazed 12.4 20.1 +62 .. 1 ** 31.2 110.6 +254.0** 
Ungrazed 6.6 15 .. 3 +132JJ ** 46 .. 5 155 .. 5 +235 .. 0** 

+5.8 +4 .. 8 -15 .. 3 -44 .. 9 . 
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HYPOCHAERIS RADICATA LITTER 
SITE 1946 1956 DIFF.% 1946 1956 DIFF.% 

CRAIGIEBURN 
Grazed 3 .. 4 11.5 +250 .. 0** 48.0 127.9 +166 .. 4** 
Ungrazed 1 .. 8 9.4 +422 .. 2** 65.6 215 .. 0 +228 .. 0** 

+1 .. 6 +2.1 -17 .. 6 -87 .. 1 
MARYMERE 

Grazed 7.5 6 .. 8 -9 .. 4 N. S. 52.2 174.5 +234 .. 2** 
Ungrazed 4 .. 1 3.4 -17.4 N.S. 37.8 165 .. 3 +337.8** 

+3.4 +3.4 +14.4 +9.2 

(v) Hypochaeris radicata 

The greatest density of this species both in 1946 

and in 1956 was on the.Longhill site. Here the total density of 

the vegetation was lowest and it is logical that there would be 

more of this wind distributed flat weed plant in the more open 

vegetation .. There has been quite a marked mean increase, 

139 .. 9%, in density of this plant in spite of a general increase 

in density of the competing vegetation. There is an exception 

on the Marymere site where perhaps the reduction in the density 

of this species is due to the vegetation being burnt two to three 

years ago .. 

(Vi) Litter 

tlLi tter" includes dead leaves attached to living 

plants as well as dead leaves lying on the surface of the ground .. 

There has been a marked increase in the density of "litter" on 

all ai tea. The greatest density of "littertt is on the Marymere 

site which has the densest vegetation. Except for the Marymere 



-63-

site "litter" is densest on the ungrazed areas. The fact that 

the IIlitter" is most dense on the Marymere site which was burned 

two or three years ago points to the fact that "litterll does not 

take long to accumulate nor does it persist over several years to 

become cumulative to any marked degree. 

The number of species present on the grazed and ungrazed 

areas are shown in Table X. The species are grouped into those 

belonging to the family Gramineae and "Other species". 

TABLE X 

COMPARISON OF THE NUMBER OF SPECIES OCCURRING ON THE GRAZED 

AND UNGRAZED AREAS. (200 paint-Quadrats.) 

GRAZED UNGRAZED 
SITE GRAMINEAE OTHER SPECIES GRAMINEAE OTHER SPECIES 

LONGHILL 6 22 7 23 
7 23 6 22 

CRAIGIEBURN 7 23 9 29 
8 27 9 28 

MARYMERE 7 29 7 28 
8 27 7 28 

MEAN 7.2 25.2 7.5 26.3 

The above table indicates that there is no substantial dif-

ference between the number of species on the grazed and ungrazed 

areas. 

C.. Conclusions 

A study of the density of the total vegetation and that 
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of some of the major species has brought to notice some interest-

ing data on the three sites and it is possible to postulate some 

explanations for the differences obtained. 

(1) Of the three sites, Longhill possessed the lowest den-

sity of vegetation in 1946. It has made a good recovery but has 

not yet attained the density of the other two sites. It is sug-

gested that the lIsite qualityll or soil fertility of this site is 

lower than that of the other two sites. 

(2) The Marymere site has the greatest density of vegeta-

tion but the species density shows the effects of the area being 

burnt two or three years ago. The main effects of the fire seem 

to be a reduced density of Festuca novae-zea~andiae and Poa col-

ensoi, an increased density of Agrostis tenuis and a reduced den-

sity of Hypochaeris radicata. 

(3) An overall increase in density during the past ten 

years both on grazed and ungrazed areas suggests a series of 

favourable seasons in recent years. 

(4) The satisfactory density of the vegetation of the graz-

ed areas in 1956 compared with 1946 suggests that the grazing 

pressure on these areas is maintaining the vegetation in a very 

satisfactory state. 

(5) The percentage increase in density of vegetation on the 

grazed areas of Longhill, Craigieburn and Marymere are 72.8, 39.1 

and 29.6% respectively. These figures suggest that the grazing 

pressure on Longhill was lower than on the other two sites. 

(6) There has been a marked increase in the density of ~ 

colensoi over the ten years and of Festuca novae-zealandiae but 
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to a lesser extent. This has been associated with an equally 

marked decrease in the density of Anthoxanthum odoratum. The 

reduction in density of Anthoxanthum odoratum is probably a re-

sult of competition from the increased density of the tussock 

species. 

(7) Enclosing areas of montane tussock grassland for a 

period of ten years has resulted in the following:-

(a) The total vegetation has increased in density by 

8309% compared with 47.2% on the grazed areas. This is a dif-

ference of +36.7% or +3.67% per annum. 

(b) Festuca novae-zealandiae has increased in density 

on the Craigieburn and Marymere si tes when enclosed but has de-

creased on the Longhill ·site. 

(c) There was a similar increase in the density of Poa 

colensoi on both the grazed and ungrazed areas. 

(d) Anthoxanthum odoratum, Agrostis tenuis and llx£2-
chaeris radicata were denser on the grazed than on the enclosed 

areas .. 

(8) On the particular areas concerned, spelling has im-

proved the density of the vegetation but has not produced a re-

volutionary change in the composition of the vegetative cover. 

II. Change in Density throughout the 1956 season 

Records of the vegetation on the three sites both on 

the grazed and enclosed areas were taken in March 1956 i.eo at 

the end of the growing season. The growth which has accumulated 

by then is used on what is called llwinter country" for winter feed 
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for the sheep. The next recordings were made in August 1956 

which is towards the end of the winter feeding period by which 

time most of the palatable plants will have been eaten to ground 

level and even some of the less palatable species will have been 

eaten" The last recording was made in December when most of the 

grasses and herbs are in flower and are readily identified. 

The changes in density Which have occurred on the three 

sites during the 1956 season are presented in Table XI for the 

two tussock species (Festuca novae zealandiae and Poa colensoi), 

for Anthoxanthum odoratum, for aypochaeris radicata and for 

Ulitter"" The figure for "other species" includes other grasses, 

herbs and shrubby plants. 

TABLE XI 

THE CHANGES IN DENSITY OF THE MAJOR SPECIES \VHICH HAVE 

OCCURRED ON THE THREE SITES DURING THE 1956 SEASON.. Hi ts per 

50 points. (Average of 8 readings.) 

LONGHILL GRAZED 

w s::: 
..-I 0 

..-I Ha:! 'M 
0 (I).p w .p 

a:! W .. ~(IS (I) bOa:! t) s::: ~ .elt) -.-I Q.p H ::I .. (I) 0 t)..-I Ht) r-I -.-I (I) (I) r-I 
.p~ r-I .el .. old (1)(1) ml>bO .p a:! w .. (ISO .pld Am .elA .p..-l(l) .p .p 

DATE (l)Q Ot) !!O ~H .pw ° r-I I> ..-I 0 
fq Pol II:: 0 8 H 8 

March 99.3 82 .. 6 26 .. 9 9.3 31.8 249.9 102.5 352 .. 4 
August 75 .. 0 75.8 . 1 .. 3 7.0 26.4 185.5 120.9 306 .. 4 
December 79 .. 9 91 .. 1 20 .. 1 20 .. 1 29 .. 5 241.3 110.6 351 .. 3 
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LONGHILL UNGRAZED 

I 
, 

I CQ s::: 
'M 0 

'M Hro 'M 
0 Q)+=> CQ +=> 

ro CQ .. ro ro Q) bOro 
() s::: K ~() 'M s:::+=> H 
:;j Q) 0 ()'M H{) r-I 'M Q) Q) r-I 

+=> .. r-I r< ord Q) Q) rop.bO +=> ro DATE r'-I .. 

(Q~ roO +=>rd Ptro ~Pi +=>'M Q) +=> +=> (l) .. O{) S:::O ~H +=>CQ o r-I p. 'M 0 
!XiS::: P4 <li ::r:: 0 8 H 8 

March 63.3 90 .. 5 19.3 8.1 59.9 21.1,1.1 197.0 438.1 
August 38.0 92.6 .2 3.0 38.4 172. 2 172.5 344 .. 7 
December 43.4 90 .. 0 6.2 15.3 52.6 207.5 155.8 363.3 

620. -B 

CRAIGIEBURN GRAZED 

CQ s::: 
'M 0 

'M H til 'M 
0 (l)+=> CQ +' 

ro (Q .. rotil (l) bOal 
() s::: K ~() 'M s:::+=> H 
:;j (l) 0 ()'M HO r-I'M (l) Q) r-I 
+' .. r-I ~ .. Ord (l) Q) o:!p.bO +=> cd 
CQ~ o:!O +,rd Pial ~Pi +"M Q) +=> +=> 

DATE Q) .. 00 ~o ~H +=>CQ o r-I :> 'M 0 
!XiS::: P4 ::r:: 0 8 H 8 

March 101 .. 1 69 .. 0 11.2 5.4 27.2 213. ;9 122.7 336 .. 5 
August 77,,5 105 .. 8 2.4 4.3 19.3 210.3 127.1 337.5 
December 76 .. 1 97.6 1.8 11.5 35.1 222 .. 1 127 .. 9 350 .. 0 

646.B 

,CRAIGIEBURN UNGRAZED 

; 

(Q s::: 
'M 0 

'M H o:! (Q -r-l 
0 (l)+=> (l) +' 

o:! co • mm 'M bOo:! 
() s::: K ~() 0 S:::+' H 
:;j (!) 0 O-r-l HQ) r-I-r-lQ) Q) r-I 
+' .. r-I ~ " ore:! Q)Pi mp.bO +' 0:1 
cot'! mO +,re:! Pim ~(Q +'-r-lQ) +=> +' 
(!) .. 00 S:::o ~H +' o r-I P. -r-l 0 DATE !XiS::: P4 < ::r:: 0 8 H 8 

March 105 .. 8 76.0 12.3 8,,6 63.2 265 .. 9 253.4 519 .. 3 
August 133.0 144 .. 5 2 .. 5 . 6 .. 1 38.8 324 .. 9 192 .. 6 517 .. 3 
December 114 .. 4 94 .. 9 1.6 9 .. 4 67 .. 5 287 .. 7 215 .. 0 502.7 
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MJI.RYMERE GRAZED 

I U) ~ or-! 0 
.r-! H a::5 or-! 
0 G)+' ro +' 

(Ij ro . cO co G) bO(.\i 
0 s:; :><: ..c!u 001 I=l+' H ::s .. G) 0 O·r-! HO rl·r-! G) Ql rl 
+'N rl ,..., Ore) G) G) a::5:>CO +' oj ....., . 
w " a:> 0 +' rd Pia:> ..cJ Pi +"r-! Q) +' +' 

DATE G) ~ 00 S::;O ?:.H +'m o rl :> .r-! 0 
II.; p.., <1~ t:c1 0 E-t H E-t 

March 36.3 46.9 7.9 3.8 74.2 169.1 135.1 30L~.2 

August 37.3 46 .. 9 - 2.8 51.3 138.3 176.6 314. S 
December 45.4 80.~- 10.0 6.8 93.3 235.9 174.5 410.4 

543.3 

MARYlvlERE UNGRAZED 

m I=l or-! 0 
.r-! H a:i 'r-! 
0 OJ+' m +' 

<0 ro .. oj a:> OJ bOa1 
0 ~ ><: ..c!o .r-! I=l+' H 
P • (J)- 0 o or-! HO rl 'r-! (J) (J) rl 
+'N rl ..c: .. Ord (J)(J) m:>bO +' m 
w • as 0 +,rd Pta1 ..c!A +' or-! (J) +' +' 

DATE OJ ~ 00 ~o ?:.H +' ell Orl :> or-! 0 
I'q p.., ~ ::r:: 0 1:-1 .H 1:-1 

March 98 .. 1 48 .. 8 5.1 2 .. 4 100.4 254 .. 8 194.8 449.6 
August 90.6 93 .. 4 - 2 .. 4 75.1 261 .. 5 221.3 482 .. e 
December 92.4 70.8 1.3 3.4 130.5 298 .. 4 165.3 463.7 

814.7-

Discussion 

. (1) Taking the total of the three recordings for the density 

of the total living vegetation over the year: 

(a) The ungrazed area of the Longhill site is considerably l~ss 

dense than either the Marymere or Craigieburn areas which are 

similar .. 

(b) The grazed areas of Craigieburn and Marymere are both con-

siderably less dense than their ungrazed areas and both are less 

dense than Longhillo These facts support the findings recorded 
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Section B It namely that (a) Longhill has a lower site quality 

value than Marymere or Craigieburn and (b) Longhill has been 

grazed less intensively than Marymere or Craigieburn in recent 

times" 

(2) The density of the vegetation recorded for the three 

months shows that August is the month in which the density is 

lowest. This accurs in both the grazed and ungrazed areas. 

On the grazed areas the reduction in density will depend to a 

considerable extent on the amount of grazing which has been exper-

ienced. This of course varies and there are no records available 

of the grazing on these areas. On the ungrazed areas the reduc-

tion in density of living leaves is no doubt a result of frost or 

snow .. 

(3) The tussock species Festuca novae zealandiae and Poa 

colensoi make up a considerable proportion of the vegetation con-

sequently any changes in the density of these species affects the 

total denSity of the vegetation to a marked degreee 

(a) The density of Festuca novae zealandiae was an average 

greatest in March. 

(b) Poa colenso1 remained relatively stable throughout the 

period except for a slight tendency to rise between the March and 

August readings" 

(4) The results show that Anthoxanthum odoratum, which is a 

perennial speCies, practically disappears by August on both the 

grazed and ungrazed areas, however it increases to its former .den-

sity by December. 

(5) The density of Hrnochaeris radicata, showed little varia-
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tion over the year apart rrom a slight tendency to be lower dur-

ing August. 

(6) There was little variation in the density or litter on 

both the grazed and ungrazed areas. 

~onclusions 

A study or the density or the vegetation and that or some or 

the major species over a ten month period has saown the seasonal 

variations which occur in montane tussock grassland. 

(1) There is a decrease in the density or living vegetation 

during the winter months the lowest reading being recorded in 

August. The reduction in density depends to a considerable extent 

on the severity or grazing. 

(2) The tussock speCies, Festuca novae zealandiae and Poa 

colensoi, show little seasonal variation in density. 

(3) There is a marked decrease in the density or Anthoxanthum 

odoratum during the winter months. 

(4) There was very little variation in the density or ~

chaeris radicata over the year. 

(5) There was little variation in the denSity or litter on 

both the grazed and ungrazed areas. 
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C.. A STUDY OF THE ~FECTS OF FERTILIZERS CONTAINJNG SULPHU]" 

PHOSPHORUS AND MOLYBDENUM. AND THE SURFACE INTRODUCTION OF 

A NUMBER OF INTRODUCED GRASSES AND LEGUMES ON MONTANE 

TUSSOCK GRASSLAND 

1 .. INTRODUCTION 

Gibbs and Raeside (1945), in their survey of the soils of the 

South Island tussock country, have shovYn that, generally speaking, 

areas under moderate to high rainfall are deficient in a number of 

essential plant nutrients. Prior to the potential production of 

these areas being approached these deficiencies must be corrected. 

It is known that many of the native species are low yielding 

and hence unable to fully utilize the build-up in fertility which 

occurs with topdressing, thus the introduction of higher producing 

species has been advocated.. The need for higher producing species 

in tussock areas has been accentuated in recent times, owing to 

the considerable technical improvements in spreading of fertili-

zers, aerial topdressing being a well known example. The need 

for a persistent, relatively high producing legume is great, due 

to a scarcity of native legumes. 

A most promising method of introduction has been the drilling 

of seed through specially strengthened coulters into the undis-

turbed vegetation. This method enables placement of fertilizer 

with the seed and increases the likelihood of obtaining satisfac-

tory establishment. 

As fertilizer requirements and climatic conditions vary over 

the fescue tussock country a trial was laid down to determine the 

effect of a range of fertilizers on the sowing of clovers and 
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grasses in the area under study. 

2. THE SOILS OF THE ARE1\ 

Soil samples were taken from the three sites. A summary of 

the results of the analysis is presented in Table XII. 

TABLE XII 

SUMMARY OF SOIL ANALYS~S 

T.E.B. B.E.G. AVA WATER 
HOLDING 

pH m .. e .. % (i" m .. e .. /o %G %N % S 76P205 GAPAClTY cjN N/S 

r 5 .. 6 6 .. 9 21 .. 6 4,.8 .3 .. 04 1.6 92.8 16.0 7.9 
RAIGIEBURN 5 .. 1 5 .. 6 16.6 2~5 .. 2 .03 2.3 68.7 12.5 6.9 

M.ARYMERE 5.8 6.2 11.2 2.5 .. 2 .02 4.0 66.5 12.5 11.8 

The soils on these three sites fall within the Kaikoura and 

Hurunui series as classified by Gibbs and Raeside, (1945). It 

must be remembered that this classification of soils under tussock 

vegetation is broad and the characteristics of each site may not 

correspond exactly to those listed by Gibbs and Raeside .. Sewell, 

(1947), considered all three sites could be placed in the Kaikoura 

series; however the Longhill site which is distinct from the 

other two appears more closely related to the Hurunui series. 

The available phosphate and the nitrogen level on all three 

areas is low this being typical of many tussock areas in the South 

Island. This lack of nitrogen is clearly one of the main factors 

limiting production, Walker, Adams and Orchiston (1955)8 A very 

low level of su:iphur was found on all three sites. 

different samples was not abnormally low .. 

The pH of the 
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3.. METHODS OF STUDY 

Three areas of approximately 1/2oth of an acre were fenced 

off adjacent to the permanent quadrats on the Marymere, Craigie-

burn and Longhill sites. All fences were made hare proof owing 

to the presence of these animals in the district. 

The layout of the fertilizer treatments is shown in figure 

lIlo The dimensions of each plot were 2 x 2~ yards, the area of 

which approximates 1/100oth of an acre. 

cast during the last week of March 1956. 

Fertilizer was broad-

The surface introduction of a number of introduced species of 

grasses and legumes was superimposed upon the fertilizer treat-

ments .. Twenty four shallow furrows spaced one foot apart were 

scratched lengthways across the various treatments. The furrows 

were made with a hand hoe, the head being ~ashioned from a grubber 

point .. This was intended to approximate the conditions resulting 

from the use of a drill with specially strengthened coulter tips .. 

The seed mixture was sown in the furrows by hand and covered with 

a fine layer of soil which was c onsolida ted by tramping. No 

other cultivation was carried out .. 

The seed mixture .sown was as follows: 

6 Ibs .. Cocksfoot, Dactllis glomerat@,-:.. 

6 Ibs. Phalaris tuberosa 

3 Ibs .. Marlborough lucerne, Medicago SEE .. 

3 Ibs .. Medicago glutinosa 

1 lb. Alsike, Trifolium hlbridum 

1 Ib e White clover, Trifolium reEens 
Total 20 Ibs" per acre 
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This rate of seeding may seem a little heavy to be economic. 

However, this was done·· to obtain as many plants as possible, with 

which to show the effects of the fertilizer treatments. The 

lucerne seed was inoculated. The three areas were sown with 

this mixture on the 20th and 21st March 1956. Seedling counts 

taken on one foot lengths were recorded on May 14th on the Craigie-

burn site .. These same positions were examined on September 20th 

to assess the winter mortality of seedlings .. 

A second separate sowing of this seed mixture was carried out 

on August 21st 1956, on the Craigieburn site. The area sown was 

approximately 1/60th of an acre. Sulphur, phosphorus and molyb-

denum were applied over the entire area. The seed failed to es-

tablish under the dry summer conditions following good conditions 

for germination after sowing. 

Two, two square foot samples were taken from each treatment 

on the Marymere trial on December 5th 1956. It was considered 

necessary because of the very strong growth of suckling clover, 

Trifolium dubium, on this area, which would not show up fully in 

the later harvest. 

In the final harvest samples were cut and collected from one 

square yard.. The Craigieburn trial was harvested on March 21st 

and the Marymere and Longhill trials on March 28th and 29th 1957 .. 

Glovers were separated from grasses and weeds and the two compon-

ents dried and weighed. Owing to the failure of the sown species 

to establish, it was considered that no further separation into 

the individual species was warranted, but the response of the 

natural clovers, part1cularly suckling clover, Trifolium dubium 



-75-

was good.. The grasses were mostly sweet vernal, Anthoxanthum 

odoratum, browntop Agrostis tenuis, with some Yorkshire fog 

Holeus lanatus .. 

4.. GERMINATION AND WINTER MORTALITY 

(a) Results 

A summary of the results of seedling counts on the 

Craigieburn site, taken in the autumn, spring and summer, to assess 

germination, winter mortality and summer mortality are presented 

in Table XIII. These results are presented in detail in Appendix 

III. 

TABLE XIII 

SUMMARY OF SEEDLING COUNTS RECORDED ON ONE FOOT LENGTHS ON 

MAY 14th, SEPTEMBER 20th 1956 AND MARCH 21st 1957. CRAIG lEBURN 

SITE .. 

MORTALITY % 
SPECIES MAY 14th SEPT. 20th MARCH 21 st WINTER SUMMER 

Lucerne 79 38 0 51 .. 9 100 
Clovers 38 20 0 47.4 100 
Phalaris tuberosa 126 65 0 48 .. 4 100 
Cocksfoot 49 4 0 91 .. 8 100 

Mean Mortality 59.9 100 

(b) Discussion 

The mean mortality of all seedlings by September 20th 

1956, was 59 .. 9% and by March 21 st 1957, 100% .. The germination of 

Phelaris tuberosa was good, but like the other species suffered 

severe losses over the winter. Not one single plant of the 

grass species sown was observed on March 21st 1957 and only two 
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lucerne plants were noted on the three trial areas. 

On the Marymere trial the presence of a considerable amount 

or volunteer white clover and suckling clover made it diffic~ to 

assess the success or otherwise of the white clover sown. 

The establishment of clovers on the Craigieburn trial was 

very poor, Table XIII. Only a very few white clover and alsike 

plants were present on March 21st. 

On the Longhill trial a few clover plants appeared green and 

healthy on March 21st. However, the overall result of the over-

sowing was a very poor establishment. Some of the alsike and 

whitec~ver plants which had established, had a basal spread of up 

to eight inches. Most plants were of a very prostrate growth 

form and hence their ~portance in the sward was probably under-

estimated by cutting and weighing. 

The failure of the sown species to establish may be due to 

one or more of the following reasons; 

(i) Winter killing 

Seedling counts taken on the Craigieburn trial, 

Table XIII, indicate that on. all three areas winter killing waS 

high. Growing conditions in the late autumn were particularly 

favourable, the rainfall in April being well above the average 

figure for this month. It was intended that the time or sowing 

would be sufriciently late to prevent the complete ger.mination of 

all seeds in the autumn and to leave ungerminated seeds lying dor-

mant over the winder months for germinating in the early spring. 

But under the favourable "conditions for germination in the late 

autumn a good strike was obtained which succumbed to winter 
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killing. These conditions left no reserve of seeds to germinate 

in the early spring. 

(ii) Oomeetition 

The poor establishment of the spring sowing on the 

Oraigieburn area when conditions for germination were favourable, 

indicates that the time of sowing and the unusually favourable 

late autumn conditions may not be the only reasons for the poor 

establishment. Competition from the eXisting species is an im-

portant factor in the establishment of seedlings. An important 

portion of the vegetational cover on the Marymere and Oraigieburn 

trials consisted of browntop, Agrost1s tenuis, which in some areas 

was very dense. It was observed, particularly on the Oraigieburn 

trial, that in many cases the browntop had closed over the furrows 

by February. This intense competition was probably too severe 

for the successful establishment of sown species which may have 

survived winter killing. This smothering effect has been recorded 

by McLean!, (1956) II Prior to, or at the same time as,· sUl"face in-

troduction or broadcasting of seeds into a dense cover of browntop, 

some method of reducing the competition from this speCies would be 

advisable.. On the adjoining Grassmere run, clovers have establish· 

ed satisfactorily amongst browntop after it had been cleared by 

accidental summer burning.. Excessive competition from suckling 

clover, Trifolium dubium, may have had a depressing effect on the 

establisbment of the sown speCies on the Marymere trial. There 

were a number of very dense patches of this clover which did not 

open up and die until the end of January.. On the other hand, 

recent oversowing trials on tussock areas in the vicinity of the 
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Rakaia Gorge by the Department o~ Agriculture, indicate that a 

close cover o~ vegetation can under some conditions aid establish-

ment .. 

(iii) Inoculation 

Ine~fective nodulation of the legumes may be an-

other ~actor linked with the poor establishment of legumes .. 

Excellent establishment resulting ~rom the inoculation o~ clover 

seed has been obtained by the Department o~ Agriculture in some 

nearby tussock areas. The micro organisms present in the soils 

under tussock vegetation are under investigation. 

This experience of the ~ailure of both autumn and spring 

sowings on the dates used in this investigation and under a rela-

tively dense cover, emphasises the importance o~ giving considera-

tion to the time o~ sowing and the density o~ the existing vegeta-

tion when oversowing in tussock grassland. 

5. YIELD OF TREATMENTS 

(a) Results 

In view o~ the fact that the sown legumes ~ailed to es-

t£iblish the ~ertilizer responses were very small on all but the 

Marymere site where there was a dense establishment of Trifolium 

dubium. The fertilizer trials on this site were harvested and a 

summary o~ tne results given in Table XIV •. Details of this trial 

and those on the Craigieburn and Longhill sites are presented in 

Appendix IV .. 
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TABLE XIV 

YIELD OF FERTILIZER TREATMENTS IN TERMS OF LBS. OF'DRY 

MATTER PER ACRE. MARYMERE SITE. 

TREATMENT TOTAL DIFF.. FROM CONTROL % DIFF. 

Control 404 - -
Sulphur (S) 51.5 K 175 1'f.l** I '11 + 27.6 
Phosphorus (p) 498 94·· + 23.4 
S.P. 954 550~t: +136.0 
Molybdenum (Mo) 508 104 N. S. + 25.8 
S.Mo 479 75 N. S. + 18.6 
PeMo 629 225 NoS. + 55.7 
s. Po Mo 882 478· +118.5 

\)(. Cw>. nol-.. 01 1"ls>6 ) 
(b) Discussion 

On the Marymere trial there was a significant response 

to SUlphur and phosphorus at the 1% level. There was a positive 

sulphur-phosphorus interaction when applied in the form of super-

phosphate .. The percentage increase in yield due to sulphur, 

phosphorus, SUlphur plus phosphorus and the combination of these 

elements with Molybdenum over the control was 27 .. 4, 23.4, 136.0 
and 118.5 respectively. All other effects for the three areas 

were not significant. 

These responses are in keeping with the low level of phos-

phorus and sulphur as recorded in the soil analyses. The only 

response to molybdenum was obtained when the element was combined 

with SUlphur and phosphorus. This ini.tial lack of response may 

be due to the fact noted by Anderson and Moye (1952), that ~odula

tion of clovers may be slow on acid soils and molybdenum gives a 
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del~ed effect in such cases. These findings agree with the re-

sponses obtained from the application of these elements on nearby 

tussock grassland areas in Canterbury, Walker, Adams and Orchis-

ton (1955), Bennetts (1957). 

Before any definite recommendations can be made on the use of 

introduced species and fertilizer applications in the tussock 

grasslands, or, in fact, any other area, trials should be carried 

out for at least four years to allow for seasonal fluctuations. 

6. CONCLUSIONS 

(i) Autumn sowing of grasses and legumes failed to establish 

in the 1956 season on the three sites described in this investiga-

tion. 

(ii) Spring sowing likewise failed on the Cra1gieburn site. 

(iii) Alsike, Trifolium hybridum and white clover, Trifolium 

repens, showed some promise of satisfactory establishment under the 

existing conditions. Lucerne was noted in the seedling stage; 

however,· only a very few plante were present one year after sowing. 

{iv) Cocksfoot,Dactylis glomerata and Phalaris tuberosa ger-

minated satisfactorily in the autumn but the winter mortality was 

high. No plants survived until the following autumn. 

(v) The application of SUlphur and phosphorus in the form of 

super phosphate gave a significant response where·legumes were 

abundant. 

(Vi) The only response obtained with molybdenum was when it 

was combined with sulphur and phosphorus in the Marymere trial. 

(Vii) Repetition of these fertilizer and oversowing trials, 

over a four to five year period, is recommended before any sound 
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D. A COMPARISON OF TWO METHODS OF REVEGETATION 

This study offers a very useful comparison of two methods 

used in the revegetation of tussock grasslands namely: 

(i) Spelling of the natural vegetation 

(ii) Sowing of introduced grasses and legumes with the appli-

cation of fertilizers. 

Today the aerial spreading of both seed and fertilizer has 

greatly broadened the horizon of improvement on hill country tus-

sock areas.. In the Craigieburn region, the Longhill and Craigie-

burn sites are suitable for surface cultivation whilst the Mary-

mere site is suitable for aerial sowing and top-dressing. 

Although the responses to fertilizers and oversowing in this 

study were limited because of the failure of legumes to establish, 

it was still very noticeable that areas particularly where legumes 

were present and treated with phosphate and sulphur, were in much 

better condition than the adjacent areas which had been sp~lled 

from stock for ten years. A productive cover of introduced 

grasses and legumes induced by top-dressing between the tussocks, 

is more valuable from a soil conservation and grazing point of 

view than a dense cover of litter which occurs under spelling. 

Wi th the favourable eo'onomic conditions Which exist at the 

present time, the run holder is now more able to afford some method 

of improvement on the lower more favourable slopes. Increased 

production resulting from oversowing and fertilization of these 

areas may ultimately enable the grazing intensity on the higher 

"summer" country to be reduced to such a level as to check the 
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accelerated erosion occurring at the present time. Although 

there are a number of' problems still unsolved, many believe that 

in the fUture, the production of' the lower slopes may be improved 

to such an extent as to be able to carry the entire flock all year 

round, completely spelling the higher slopes. Such a view may 

appear optimistic, however at the same time it is quite possible. 

The rate of' improvement of' the tussock grasslands will depend 

upon the personal approach of' the runholder and the prevailing 

economic conditions. 

The above remarks are concerned with the Waikamariri basin 

and do not necessarily ref'er to other tussock regions. 
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E. GENERAL SUMMARY AND CONCLUSIONS 

The study was conducted on montane tussock grassland in the 

Oass Craigieburn region of the Waimakariri basin. Three major 

problems were studied: 

~ A comparison of the results obtained from the use of four 

methods of botanical analysis on the montane tussock vegetation. 

B. A study of the effect on the vegetation of ten years' 

spelling from grazing. 

C. A study of the effects of fertilizers containing phos-

phorus, sulphur and molybdenum and the surface introduction of a 

number of introduced grasses and legumes on montane tussock grass-

land. 

A. A comparison of the results obtained from the use of four 

methods of botanical analysis. 

The results obtained by the counting of initial hits 

using the point frame analyser, the step Point Method and Quadrat 

C'harting, were compared with those obtained by recording total 

number of hits using Levy's point frame analyser. 

Th~ conclusions are:-

(i) The Point Quadrat method of analysis, recording the 

total number of bits on vertical pins, is the most suitable of 

the techniques studied for determining botanical composition and 

density of individual species, although the difficulty in counting 

hi ts indicates that considerable errors may be involved when samp-

ling dense vegetation such as tussock grassland. This method is 

not particularly suitable for evaluating percentage cover, under-

estimates bare ground and is time consuming. 
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(ii) Quadrat charting is a comparatively rapid and ac-

curate means of measuring percentage density or cover of individual 

species. It is a direct method, and especially useful for record-

ing vegetation which is aggragated into clumps or tussocks. 

Charting of basal areas is probably the most useful method for es-

timating the importance of prostrate species in a plant community. 

The time involved is approximately half that required for the 

Point Quadrat method recording the total number of hits. 

(iii) The recording of initial hits only, using a point 

frame analyser is very rapid. It underestimates the percentage 

composition of low growing species, with a corresponding overestim· 

ation of taller speCies, but gives a reasonably similar result to 

that obtained by recording the total number of hits. Recording 

of initial hits may be useful in measuring the dominants of grass-

land associations. 

(iv) The Step-Point method provides a rapid means of asse 

-ing the taller units of the vegetation of an area. However, it 

also has the fault of underestimating the dwarf and low growing 

speCies in montane tussock vegetation. It may be very useful for 

measuring and comparing the dominant species of different areas., 

(v) A combination of the best features of the Point 

Quadrat and Quadrat charging techniques, may ultimately provide 

the most suitable means for describing montane tussock grasslands. 

·-(tv) None of the above techniques proved valueless for 

measuring and assessing features of the montane tussock grassland 

The characteristids of the vegetation which are to be measured 

should be clearly defined before any one method is chosen. 
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B. A study of the effect on the vegetation of ten years 

spelling from grazing. 

Readings were taken on the permanent quadrats erected by 

Sewell in 1946. Levy's Point Quadrat method of analysis was used 

in both stUdies .. These studies were made between March and Decem-

ber 1956. The characteristics of the present vegetation were com-

pared with those recorded in 1946. 
The following changes were found to have taken place: 

(i) An overall increase in density during the past ten 

years both on grazed and ungrazed areas suggests a series of 

favourable seasons in recent years" 

(ii) The satisfactory density of the vegetation of the 

grazed areas in 1956 conwared with 1946 suggests that the grazing 

pressure on these areas is maintaining the vegetation in a very 

satisfactory state. 

(iii) The percentage inorease in density of vegetation on 

the grazed areas of Longhill, Craigieburn and Marymere are 72.8, 

39.1 and 29.~respectively. These figures suggest that the graz-

ing pressure on Longhill was lower than on the other two sites. 

(iv) There has been a marked increase in the density of 

Poa oolensoi over the ten years and of Festuoa novae zealandiae 

but to a lesser exten~. This has been associated with an equaliy 

marked deorease in the density of Anthoxanthum odoratum. The re-

duotion in density of Anthoxanthum odoratum is probably a result 

of oompetition from the increased density of tussook speoies. 

(v) Anthoxanthum odoratum,Agrostis tenu~s and HyPoch .... 

aeris radicata were denser on the grazed than on the enclosed area 
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(iv) On the particular areas concerned, spelling has im-

proved the density of the vegetation but has not produced a re-

volutionary change in the composition of the vegetative cover. 

c. A stu~y of the effects of fertilizers containing phos-

Ehorus. sulphur and molybdenum and the surface introduction of a 

number of introduced grasses and legumes~ 

The effects of the application of the essential elements, 

phosphorus,sulphur and molybdenum were studied on three areas in 

the Craigieburn region. Each trial consisted of a randomized 

plot layout with eight treatments and four replications. A trial 

involving the surface introduction of a number of introduced 

species of, grasses and legumes, was superimposed under the fer-

tilizer treatments. 

The conclusions are:-

(i) The application of phosphorus and sulphur in the 

form of superphosphate gave a significant response where le~es 

were abundant. 

(i1) The only response obtained with molybdenum was when 

it was combined with phosphorus and sulphur in the Marymere trial. 

(iii) Autumn sowing of grasses and legumes failed to es-

tablish in the 1956 season on the three trials. 

(1v) Spring sowing likewise failed on the Craigieburn 

(v) Alsike, Trifolium hybridum and white clover, ~

folium repens, showed some promise of satisfactory establishment 

under the existing conditions. Lucerne was noted in the seedling 

stage; however, only a very few plants were present one year 
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after sowing. 

(Vi) Cocksfoot, Dactylis glomerata and Phalaris tuberosa 

germinated satisfactorily in the autumn but the winter mortality 

was high. No plants survived until the following autumn. 

(vii) Repetition of these fertilizers and oversowing 

trials, over a four to five year period, is recommended before any 

sound recommendations can be made. 
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APPENDIX I 

A COMPARISON OF THE PERCENTAGE COMPOSITION OF SPECIES 

OBTAINED BY RECORDING BOTH INITIAL HITS AND TOTAL 

NUMBER OF HITS IN A TOTAL OF 200 POINTS. 

LONGHILL GRAZED 

PLOT A PLOT B 

SPECIES TOTAL INITIAL DIFF. TOTAL INITIAL DIFF. 

Festuca n .. z .. 30 .. 8 29.7 -1 .. 1 32 .. 7 38 .. 0 +5 .. 3 
Paa calensai 35 .. 4 26 .. 0 -9 .. 4 37.2 19.7 -17.5 
Anth. ad. 7.0 21 .. 8 +14 .. 8 9 .. 0 24.6 +13 .. 6 
Hyp. rad .. 9 .. 8 7 .. 0 -2.8 6.4 3 .. 4 -3 .. 0 
Rest 17.0 15 .. 5 -1 .. 5 14 .. 7 14.3 - .4 

LONGHILL UNGRAZED 

Festuca n"z. 15 .. 7 26 .. 2 +10.5 21 .. 2 27.4 +6 .. 2 
Paa calensai 45 .. 5 32 .. 3 -13 .. 2 44 .. 5 34 .. 0 -10.5 
HYPe rad .. 9.6 7 .. 7 -1 .. 9 5.5 4.8 -.7 
Cel. gr. 10 .. 0 11 .. 6 +1 .. 6 7.4 4 .. 0 -3.4 
Rest 19 .. 2 22.2 +3.0 21.5 29.8 +8 .. 3 

r 
, 

; CRAIGIEBURNGRAZED 

Festuca n .. z .. 36 .. 5 40.6 +4 .. 1 39.2 33.8 -5.4 
Paa calensai 45 .. 2 31 .. 9 -13.3 36 .. 7 27.5 -9 .. 2 
Agr. scabrum 4 .. 8 6.9 +2 .. 1 6 .. 2 8.3 +2 .. 1 

Hra 
Rest 13.5 20 .. 6 +7,,1 9 .. 3 14.7 +5.4 

Agr .. tenuis 8 .. 6 15 .. 3 +6.7 
. 



CRAIGIEBURN UNGRAZED 

SPECIES TOTAL INITIAL DIFF. TOTAL INITIAL DIFF .. I 
Festuca n.z. 43 .. 2 47 .. 0 +3.8 36 .. 8 43 .. 9 +7.1 
Foa colensoi 31,,2 19 .. 4 -11.8 34.4 21.6 -12.8 
Agr. scabrum 8.5 14 .. 8 "+6.3 6 .. 5 13.6 +7.1 
Ag. tenuis 5 .. 7 8.4 +2.7 5 .. 2 10 .. 5 +5.3 
Rest 11 .. 4 10 .. 4 -1 .. 0 17 .. 1 10 .. 4 -6.7 

MARYMERE GRAZED 

Festuca n"z" 21.4 2503 +3.9 17 .. 4 18.0 + .. 6 
Poa colensoi 38.0 27.8 -10.2 30 0 6 27 .. 8 -2 0 8 
Anth. od" 5 .. 5 17 .. 3 +11 .. 8 ---- ---- ----
Dis. to .. 4.8 3.1 -107 9.2 11 .. 1 +1 .. 9 
Tria dubium 4.8 3 .. 7 -1.1 603 3.5 -2 0 8 
Ag. tenuis 7.0 1"0 .. 5 +3.5 14 .. 2 22.2 +8.0 
Rest 18.5 1, o. 5 -8 0 0 15.9 16.7 + .8 

Cop .. peto 6.4 .7 .7 

MARYMERE UNGRAZED 

Festuca n .. z .. 36 .. 6 47.0 +10.4 24.0 37 0 8 +13 .. 8 
Poa colensoi 19 .. 4 21 .. 3 +1.9 29.8 21.2 " -8.6 
Trio dubium 9.9 7 .. 5 -2 .. 4 8 .. 7 7.0 -1.7 
Cop. pet. 16 .. 6 • 3.5 -13.1 13 .. 7 ---- -13 .. 7 
Rest 17.5 21 .. 0 +3 .. 5 16 .. 3 18 .. 0 +1.7 

Ag. tenuis 7 .. 5 16 .. 0 +8 .. 5 



APP}i~NDIX II 

A COMPARISON OF PF-BCENTAGE COVER OBTAINED 
QUADRAT METHOD AND QUADRAT CHARTING 

THE POINT 

Point Quadrat 
Quadrat Chart 

AREA SPECIES Mean 400 pts. 1 Sq. Yd. DIFF. 

LONGHILL Festuca no z .. 22.1 23 .. 6 +1.5 
GRAZED Litter 30.,6 13.5 -17.1 

Poa colensoi 25.2 30.8 +5.6 
Hypo" rad. 5.6 25.0 +19.4 
Anth. od" 5.6 2.4 -3;.2 
Other species 11.9 4.7 -7.2 
Bare ground 4.25 48.0 +43.7 

UNGRAZED Festuca n. z. 10.4· 9.8 - .6 
Litter 43.5 54.4 +10 .. 9 
Poa colensoi 25 .. 4 19 .. 7 -5 .. 7 
Hypo. rad. 4.3 9.4 +5.1 
R •. subscricea 1.2 3.4 +2.2 
Other species 15.2 3.3 -11.9 
Bare. ground .. 5 1.9 +1 .. 4 

CRAIGIEBURN Festuca n .. z .. 21 .. 7 18.1 -8 .. 6 
GRAZED Litter 36.4 ·30 .. 8 -5.6 

poa colensoi 27 .. 9 37.7 +9 .. 8 
Hypo .. rad. 3.3 4.5 +1.2 
Anth .. od .. ..5 .9 + .4 

. - Age tenuis 3.7 3.1 - 416 
Cop. pet .. 1 .. 0 4.5 +3.5 
Other species 5.5 ..4 -5.1 
Bare ground 4.5 41.5 +37.0 

UNGRAZED Festuca n. z .. 22.6 16 .. 3 -6.3 
Litter 42.8 51 .. 2 +8.4 
Poa colensoi 18.9 18.2 - .7 
Hypo .. rad. 1 .. 9 2 .. 9 +1 .. 0 
Ag .. tenuis 3 .. 4 2.7 - .7 
Other species 10.4 7.5 -2 .. 9 
Bare ground .75 3 .. 5 +2.75 



Point Quadrat 
Area Species Quadrat Chart 

Mean 400 pts .. 1 Sq .. Yd .. DIFF .. 

MARYMERE Festuca n .. Zo 11 .. 1 2.6 -8 .. 5 
GRAZED Litter 42.5 24 .. 8 -17.7 

Poa colensoi 19.6 25.0 +5 .. 4. 
Anth. od .. 2.4 3.4 +1,,0 
Hypo. rad .. 1 .. 6 203 + 07 
Cop .. pet .. 2 .. 9 14 .. 8 +11 .. 9 
Ag. te.nuis 6.2 6.0 - ..2 
R. subscricea .4 11 .. 0 +10.6 
Dis. to. 4.1 6.2 +2.1 
Other species 9 .. 2 3.9 -5.3 
Bare ground .75 15.6 +14.8 

UNGRAZED Festuca n. Zo 19.8 16 .. 4 -3 .. 4 
Litter 35.3 44 .. 3 +9 .. 0 
Poa colensoi 15 .. 3 8 .. 6 -6.7 
Anth. od .. .. 3 neg. - .3 
Hypo. rad. .. 7 5 .. 5 +4 .. 3 
Cop ... pet .. 9 .. 6 8.0 -1.6 

-Ag. tenuis 3.5 6.0 +2.5 
Dis .. to. 2.0 3.6 +1..6 
Other species 13.5 6 .. 6 -6.9 
Bare ground ---- ----



APPE~X III 

SITE 

I 

1 

II 

III 

IV 

V 

VI 

VJ:I 

SEEDLING COUNTS RECORDED ON ONE FOOT LENGTHS ON MAY 14th., 

SEPTEMBER 20th 1956 AND WlARCH 21 st 1957.. CRAIGIEBURN SITE. 

I 
SPEJIES MAY SEPr. MORTAL SITE MAY SEPr .. MORTAL MARCH MORT. 

-ITY~ -ITY~_ 1~57 % 
Lucerne 6 3 50 VIII I 9 9 - - 100 o lovers 4- 4- 100 3 3 - - 11 

Phalarls 5 1 80 25 20 I 20 II -Oocksfoot 2 100 5 100 II I - I -
I 

Lucerne 1 IX 7 5 28 " 1 - -
o lovers 8 2 75 4- 1 75 II -
Phalaris 11 3 75 8 4- 50 - " 
C ocks foot 5 1 80 4- 100 - " -
Luce~e 1 100 X 8 I 100 " - - -
Clovers 4- II' " - - - - - -
~~s 4- ", 10 2 80 " - -
Cocksfoot 2 II 3 100 " - - - -

i Lucerne 4- 2 50 XI 2 2 " - -
Olovers 3 3 1 100 " - - -
Phalaris 6 6 " - - - - -
Cocksfoot 4- 1 75 " - - - -
Lucerne 4- 4- XII 3 2 33 .. 3 - tI -
Olovers 2 100 It - - - - -
Phalaris 6 4- 33 .. 3 15 9 40 " -
Cocks foot 2 1 50 6 100 " - -
Lucerne 10 3 70 nIl 10 2 80 - tI 

Clovers 5 1 80 II - - - -
Phalarls 15 5 66 .. 7 5 2 60 - " 
Cocksfoot 6 ... 100 4- 100 " - -
Lucerne 3 2 33 .. 3 XIV 11 3 72 Ii -
Clovers 3 100 1 1 If - - -
Pha.laris 10 5 50 6 4- 33 .. 3 If -
Cooksfoot 3 1 66 .. 7 3 100 " - -



REP. CONTROL I SULP~ (S) PHOSPHORUS (p)l 

R I Gr. Cl. TotallGr. 01. Total Gr. Cl. TotaltGr. 

11353 107 460 \685 335 1020 1278 150 428 1332 
I II \ 396 54 450 1310 200 510 321 236 1450 
: III 1193 32 225 !353 97 450 159 94 2~~y 1450 
II IV 1 375 107 482 1236 86 322 472 235 71.7 1493 

I Mean(Total)404 I . ;'" 515**1 ,~498 i 
I Diff. from Control 111 I 941 

I j503 - 503 !161 
II I 321 - 321 1289 

III 1310 11 321 \268 
IV I 214 214 h71 

I 

I Mean(Total)340 I 
iDif':r. from Control 

161 332 
11 300 332 
21 289 235 

- 171 546 
230 

110 N.S. 

10 342 1353 
22 354 335 
32 267 11300 
44 590 161 

388 I 
48 NoS. I 

01. Total I Gr. 01. TotallGr. 

758 1090 I 471 235 706 1546 
450 900 482 85 567 1471 
375 825 321 97 418 428 
308 1001 257 86 343 1300 

954 508 I 
550* 104 us. i 

LONGHIL.L 
21 374 236 

204 535 214 
96 396 192 
53 214 300 

380 
40 N.S. 

- 230 235 
- 214 171 

32 224 192 
- 300 289 

243 
97 N.S. 

eRA I G I E BUR N 

I 428 - 428 374 
II 342 - 342 225 

III 493 - 493 407 
IV 203 21 224 1396 

Mean(Total) 372N I 
Dif'f. from Control 

- 347 b4 
- 225 b43 
- 407 1493 
- 396 268 

350 I 
22 N.s.. 

- 214 985 
- 343 557 
- 493 214 
- 268 567 

329 
43 N.S. 

35 1020 193 
557 278 
214 472 
567 342 
589 

217 N.S. 

- 193 225 
- 278 278 
- 472 322 
- 342 525 

321 
51 N.S. 

S.Mo. P.Mo. S.P.Mo. 

01. Total Gr. 01. Tot~l Gr. Cl. Total 

- 546 374 268 642 149 871 
I 1020 

793 
878 
835 
882 
478* 

54 525 322 85 407 1278 515 
75 503 503 75 578 449 429 

- 300 749 139 888 1557 278 
479 I 629 

75 N' S -1 225 N.s.. j 

11 246 1264 
- 171 1310 

12 204\1 428 
- 289 300 

227 1 
113 NoS. I 

- 225 760 
- 278 332 
- 322 150 
- 525 503 

337 
35 KS. 

21 285 503 
64 374 300 
32 460 418 
43 343 321 

365 
25 NoS. 

- 760 932 
- 332 332 

22 172 300 
- 503 375 

442 
70 N.S. 

11 514 
64 364 
21 439 

235 556 
468 

128 N.S. 

- 932 
21 353 
- 300 
- 375 

490 
118 N.S. 
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