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INTRODUCTION 

L. scoparium is one of New Zealand's most important weeds 

of unploughable infertile hill country. The plant is an indigenous 

shrub, characteristic of the early stages of succession to forest in 

a wide range of habitats (Cockayne, 1928). 

In the eight years prior to 1959/60 nearly 40,000 acres of 

unimproved grassland reverted to scrub, fern and second growth each 

year. L. scoparium is one of the most important components of the 

scrub, fern and second growth category. By 1959/60 the total area 

of reverted land in New Zealand was 5.7 million acres of which 3.65 

million were in the North Island. (Rigg, 1962). 

Control of L. sconarium on unploughable hill country has 

been limited to pulling, cutting, or cutting and burning, depending 

on stage of growth. Chemical methods and standing burns have generally 

proved unsuccessful. Most methods are expensive. 

Levy (1932, 1940, 1946) postulated that establishment of 

L. scoparium in pasture could be prevented by good farming techniques. 

Today there is a growing body of practical evidence to support this 

hypothesis (Suckling,1959; New Zealand Farmer 83 (42, 43, 45)). 

This study was carried out to determine what intrinsic 

factors favour the establishment of L. scoparium, and the quantitative 

effect of farm management techniques on this process. 
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REVIEW OF LITERATURE 
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1. DEFINITION OF ESTABLISHMENT 

Establishme~t is a process, starting from the arrival of the 

propagule in the habitat, during which the plant germinates, attains 

independence from propagule reserves, and becomes an individual capable 

of surviving the prevailing environmental conditions9 ~~ether or not 

establishment occurs is determined by the environment. The process is 

also influenced by the species genotypes, mode of reproduction, 

reproductive capacity, propagule characterstics and efficiency of ' 

propagule dispersal. The importance of reproductive capacity and 

efficient propagule dispersal in weed establishment was stressed by 

Harper (1960) who attributed the success of many weeds to an efficient 

dispersal mechanism enabling colonization ofnew areas from a distance, 

and high seed output enabling rapid expansion in an infected area. 
c) 

Species reproducing apomicticly have considerable advantages iri propagule 

production and/or establishment because these processes are not affected 

by the environment to the same degree as in sexually reproducing plants. 

2o THE PLANT 

Few experimental studies have been conducted into the biology 

of L. scoparium but there is considerable information based on observ-

ation. The majority of the knowledge has been contributed by Silvester 

(1962), Burrell (1963), Cockayne (1928) and Levy (1923). Unqualified 

references in this text apply to these publications. 

The genus Leptospermum (Myrtaceae) comprises some 35 species, 

mostly Australian (Allan, 1961). The haploid chromosome number of 

most members of the Myrtaceae is 11 and of 12 Australian species of 
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Leptospermum only one exhibits polyploidy (Darlington and Wylie, 1955). 

Three species of Leptospermum are found in New Zealand, L. scoparium 

being the most widespread and abundant. Allan (1961) regarded the 

New Zealand Leptospermum species as endemic but L. scoparium is 

present in Tasmania and Victoria (Hoy, 1959). Oliver (1953) regarded 

L. scoparium in New Zealand as a tertiary immigrant from Australia. 

L. scoparium is extremely plastic in growth form. It may 

be a shrub of diverse habit or a small tree. (Allan, 1961)\~ - Cockayne 

recorded the plant as a prostrate mat on subalpine moor. Within a 

stand the species varies in size, shape, and colour of the leaf, 

texture of bark, time of flowering, sepal colour, and whether the 

leaves change colour with season. Some characters such as colour 

of the young stem growth, and the growth form are relatively constant 
~··_! 

(Burrell, 1963). Allan (1961) listed 5 variants of the type which 

had earlier been classed as separate varietieso As he stated "the 

status of the multitudinous forms is very imperfectly known". Burrell 

suggested that the greater part of the morphological variation is 

environmentally induced. 

L. scoparium is a pioneer prominent in the early seral stages 

of succession on a wide diversity of sites. More or less permanent 

communities of the species may occur in swamps, windswept areas, dunes, 

acid soils and other adverse habitats (Cockayne, 1928). Communities 

have been described by the following workers: Mark, Scott, Sanderson 

and James (1964), Percy (1955-56), Bellingham (1955-56), Atkinson and 

Percy (1955-56), Wheeler (1963), Burrell (1963), Silvester (1962). 

It was postulated by Cockayne that, except adjacent to 
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active volcanoes, large areas of L. scoparium must have been rare in 

primitive New Zealand. The present abundance and distribution of 

L. scoparium is due principally to human disturbance of the habitat. 

By the late eighteenth century possibly 33% of all virgin North Island 

forest had been destroyed and replaced by scrub forest, L. scoparium 

scrub, and Pteridium aquilinum var. esculentum (bracken fern) as a 

result of fires started by Polynesian man. (New Zealand F~~estry, 

1964). Habitat disturbance on as great, or greater scale, and 

certainly within a shorter time occurred under the influence of 

European man. Between 1890 and 1920 ten million acres of forest and 

scrub covered land, mainly in Taranaki, King Country, Hawkes Bay and 

Wellington distric~s, were cleared and sown to pasture. (Rigg, 1962) o 

Much of this land was steep and infertile, and L. scoparium and other 

native secondary growth plants quickly invaded the poor open pastures 

present after the initial fertility from the bush burn had gone. It 

was estimated in 1925 that 1.1 million acres of hill grassland in the 

North Island had reverted in the previous eight years. (Special 

Committee Report, 1925). 

3. INTRINSIC FACTORS AFFECTING ESTABLISHMENT 

3.1 MODE OF REPRODUCTION 

L. scoparium reproduces by sexual means only. Flowers are 

pollinated principally by a mosquito-like fly of the genus Bibio. 

Other insects observed visiting the flower in Otago include honey and 

bumble bees, houseflies a~d bluebottles. (Burrell, 1963). Burrell . 

also demonstrated that the species is self-compatible. 



- 5,..;. 

3.2 AGE AT FLOWERING AND FLOVIERING SEASON 

Plants have been observed flowering at 3 - 5 years (Small, 

1961; Burrell, 1963; Marshall, 1962) and at 5 cm. in height 

(Cockayne, 1928). 

In Otago L. scoparium flowers from November to February 

with a peak in December. Male and hermaphrodite flowers are produced. 

Over the winter male . flowers only are produced (Burrell, t963). 

Silvester recorded flowering from August to November in the Hunua Ranges. 

3.3 SEED MATURATION AND TIME OF SHEDDING 

From current season's flowers seed becomes mature during 

summer or autumn depending on the environment (Levy, 1923; Silvester, 

1962; Burrell, 1963). 

' Season of seed shed also appears to vary with environment. 

In the Hunua Ranges most seed is shed in February - March (Silvester, 

1962), while in Taranaki most seed is shed in Augusb (Levy, 1923)0 

A small proportion of capsules remain closed (Levy, 1923; 

Burrell, 1963) and capsules tagged by Burrell remained unopened for 

three years, the seed retaining viability. Capsules may open after 

the adult plant has been cut or burnt, so providing a source of infection 

for re-establishing the stand (Levy, 1923; Burrell, 1963). 

3.4 SEED NUMBERS, WEIGHT, AND VIABILITY 

L. scoparium produces from 200 - 500 seeds per capsule, 

(Silvester, 1962; Small, 1961). Levy regarded the profuse seed 

production of the species as the main reason for its importance as a 

weed. 
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The average seed weight of L. scoparium in the Hunua Ranges 

is 0.07 mg. (Silvester, 1962). 

Germination percentage varies from 12 - 16% (Silvester, 1962) 

although Burrell recorded germination percentages as high as 20;6. 

Silvester found initial viability was strongly related to capsule size 

and Burrell noted a considerable variation in percentage viable seed 

between capsules from different bushes and from the one bush. 

3.5 SEED DISPERSAL 

Wind appears to be the usual form of seed dispersal agent in 

L. scoparium. Burrell observed young plants one-quarter mile down 

wind from an isolated bush and Marshall (1962) found cleared ground 

downwind and up to half a mile away from a stand was subject to re­

invasion. Sheep carrying seed in their wool are also thought to act 

as dispersal agents (Small, 1961; Marshall, 1962). Silvester 

attributed much of the success of the species to the efficient dispersal 

of its minute seed, and Small (1961) and others stressed the importance 

of minimizing seed dispersal in controlling L. scoparium invasion of 

pasture. 

3.6 SEED DORMANCY 

It has been observed that seeds of L. scoparium germinate soon 

after they are shed, appearing to have no dormancy. However, investi-

gation by Silvester showed that germination will not occur in darkness. 

A light requirement for germination was also suggested by Levy. 

Because the seeds are exalbuminous Silvester hypothesized that radicle 

emergency depends on the embryo first photosynthesizing. He found that 
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0.5% normal daylight in winter and 0.25% normal daylight in summer 

was sufficient for germination . Silvester also noted a perceptible 

increase in ger mination occurred with stratification at 5~ (41°F) 

for three or more days, but otherwise the temperature at which seeds 

were germinated did not affect the final ger;nination percentage. 

Burrell on the other hand found no dormancy effects due to light or 

temperature requirement. 

Levy regarded the apparent readiness of L. scoparium to 

germinate as the weak point in its life cycle. By cutting , and then 

burning the bushes after the seed has shed and germinated, all sources 

of infection within the ar ea are destroyed. Silvester stated "the 

prime limiting fac tor in establishment of L. scoparium is its require­

ment of light for germination and l ater, seedling development ." 

3.7 SEED LONGEVITY 

Viability of seed of L. scoparium in storage r apidly reduces 

to 2% six months after harves ting and by two years all seed is 

inviable (Silvester, 1962) . 

3. 8 GROWTH RATE 

The growth r ate of L. scoparium seedlings is slower than tha t 

of the majority of herbacious plants, especially annuals and grasses , 

and scrub hardwoods (Silvester, 1962). 

4. ENVIRONMENTAL FACTORS AFFECTING ESTABLISHMENT 

4.1 LIGHT 

As noted previously (Section 3. 6) , light may be necessary for 

germina tion. 
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For seedlings of L. scoparium to survive relatively high 

illuminance is necess~ry. Silvester found that the growth rate of 

seedlings of the species was negligible compared with scrub hardwood 

species below 9'}6 daylight, due possibly to the severe depression in 

root growth of L. scoparium at low illuminance. He also calculated 

the theoretical compensation point for seedlings as 2.6% daylight, yet 

within L. scoparium communities no seedlings of the species occur until 

illuminance is greater than 12% daylight. Bieleski (1959) also found 

light levels under L. scoparium stands were normally too low for 

regeneration of the species. Silvester suggested that root growth 

below 12% daylight was insufficient to allow the plant to survive soil 

surface desiccation. 

4.2 TEMPERATURE 

Silvester found that at 46°F germination took 30 days, but 

0 only 3.5 days at 77 F. The delay of germination at low temperature 

was attributed to the effect of the low temperature on the rate of 

pre-emergence photosynthesis. 

Silvester also found that the growth rate of seedlings was 

limited below 65°F and above 72°F. 

Frost may have a significant effect on survival in some 

areaso Cockayne observed that almost constant frost for six weeks 

with temperatures not below -11°c (12°F) killed adult L. scoparium. 

4.3 MOISTURE 

Silvester found that under conditions of adequate light and 

suitable temperatures seed germinates on contact with water, the seed 

coat apparently offering little resistance to water entry. 
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Burrell recorded L. scoparium as growing in areas of Otago 

receiving less than 50 cm. (20 in.) of rain per year and Cockayne found 

the species present in areas of high precipitation and maximum dryness. 

4o4 ALTITUDE 

L. scoparium occurs from sea level to 800 - 900 meters 

(2620 - 2950 fto) above sea level in Otago, with the species being 

restricted to northerly aspects at high altitudes (Burrell, 1962). 

Silvester gave the altitude range of the species as from sea level to 
" 

4500 feet (1370 m.) on Mt. Ruapehu. 

4.5 SOILS 

The species may be found on alluvium, clays, loess, sand, 

gravel, calcareous or non-calcareous soils, and on volcanic debris of 

different sorts. It is frequently dominant on poor soils (Cockayne, 

1928). Apparently the species does not occur on brown-grey earths 

(Burrell, 1963). 

406 INTERACTION WITH PASTURE SPECIES 

It was recognized by Levy that L. scoparium would not germin-

ate and establish within a grass sward intercepting practically all 

the lighto Silvester postulated that the reason L. scoparium has not 

established in abandoned pasture in the Hunua Ranges is because of 

complete light interception by the undisturbed grass cover. Any 

factor weakening the sward decreases light interception and consequently 

increases the chance of weed invasion (Levy, 1940). The main environ-

mental factors controlling pasture vigour and density are (Levy, 1940; 

Glue, 1957): 

soil fertility, 
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grazing animal effects, 

moisture extremes, 

temperature extremes, 

insect attack. 

Soil fertility and animal grazing probably have most influence on the 

susceptibility of pasture to invasion by L • . scoparium. 

Under the low fertility conditions characteristic of 

unimproved hill country, high-fertility demanding grasses and clovers 

e.g. Lolium perenne (perennial ryegrass), Dactylis glomerata (cocksfoot), 

Trifolium repens (white clover) do not thrive and much hill land 

reverted originally because these species were sown after bush burns. 

Initial establishment was often good but after the bush burn fertility 

was depleted these species weakened, leaving poor open pasture readily 

invaded by weeds. . (Special Committee Report, 1925). To overcome 

this problem Levy (1932) advocated sowing such species as Agrostis 

tenius (Browntop) and Notodanthonia which could grow on low fertility 

country and maintain a close sward. Howeve~, Madden (1940) found that 

7.98 million acres of North Island hill pastures composed of low fert­

ility demanding species were most susceptible to invasion by L. scoparium. 

The advent of aerial topdressing and clover oversowing 

provided an easy method of increasing pasture vigour. Practical 

experience of farmers showed that on land subject to reversion high 

fertility demanding grasses and clovers thrive after an initial dressing 

of 5 - 10 cwt. per acre of superphosphate plus deficient trace elements, 

followed by annual maintenance dressings of 2 - 4 cwt. per acre. 

Establishment of a vigorous sward with the associated increased stock 

carrying capacity results in L. scoparium ceasing to be a serious 
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problem (New Zealand Farmer, 83 (42, 43, 45)) • . 

Grazing animals may influence pasture vigour. Dung and 

urine stimulate pasture growth but trampling and pugging cause opening 

of the sward. Possibly the most potent influence is in the manner 

and timing of defoliation. Hard, continuous close grazing is most 

conducive to weakening the sward and permitting weed invasion (Levy, 

1940). 

4.7 THE GRAZING ANIMAL 

Glue (1957) and Levy (1940) have stressed the effect of the 

grazing animal, through trampling damage and nipping off the young plant, 

on weed seedling survivalo 

/ /" 4.8 PARASITES AND DISEASE 

The most important parasite of L. scoparium is Eriococcus 

orariensis, a scale insect. The presence of the insect is indicated 

by the covering of black mould growing on a honey dew produced by the 

parasite. Death of the host may result from removal of sap (Hoy, 

1961), although Mulcock (1950) suggested reduction of photosynthetic 

activity by the black fungal coating shading the leaves may have an 

effect. The effectiveness of E. orariensis is limited by a fungus 

Myrangium thwaitessi, parasitic on the scale insect (Hoy, 1961), 

especially in high humidity areas of the North Island. 

The roots of L. scoparium are parasitised in some localities 

by Gastrodia minor Petrie a non-green orchich (Campbell, 1963) but it -
is not known what influence this parasite has on vigour. 

Seeds of the species can be destroyed by a capsule borer of 



- 12 -

+",.·•· ""'1' '"0'·' ·.L· n <-. ,,·=" I' " '. r1·°' U• :i··' ···..L' r.> r ·:>r <.:: CC'!"" ) .., ~ ~,o'(.;l r.J ~ ... .... A 0 el - .A. ·.:::i • ·' 0 \. 4. <..L ...... 1 -·' .... ,_, • • j ..... o • 



Sf.Cr::'ION II 



LOCATION OF TIRITEA FIELD AREA . 

Scale: (',. 5 chain 

Paddock Ar~a: 40ac approx. 

Fences: 

Streams: 

Manuka: 

Sud Collecting Tin Sites: ( > 
Chart Quadrat Situ: • 

Plan of Variation Sampling Traverse: 

IT\···-----0--- sample no. 

Tr:iinsect: __ _ 

315 

Grid Ref : 
NZMSl,N 149( 1942) 

228314 

314 
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5. Ft,CIORS SXi\i·iHLD I N TEE .STUDY 

Infor~a tion wa~ colle ~ted on seed char uct eriat ics 2nd 

product io :1 in o. loca l I .. s copJr i um E; t CJnd comparison ~ith the 

varia tion i n seed shed . Because establish~ent is deponden t on 

ge~ninat ion an l seedli ng surviva l cffort3 were concentr a t ed on exarnin-

i ng : 

( 1) The e f i'ect of ligii t , t ernpern ture , ::;e ed ago , and exposure on seed 

gerrnina tio.:i , using a Tetrazoliu:n t eGt t o indic ;;t t e basiG seed 

viab:i.Jity. ( Bur rell and Silvest er had alI'~ady examined tl1c 

effect of liL2:ht an~l ternper s. turc on ge1·mina tion but their results 

di ffered . ) 

(2) The effect of ~ea.so :1 on 5erm i n:'l tion 2.nd seedling surviva l on bm:e 

ground and in pasture . 

(3) The eff2ct of cover , appli·~d fert ilizer, o.nd cut titig frequency in 

grassed and ba re plots oii germine tion and seedling survival . 

Establishment of L. scopac-ium in .some distr i.ct s may be favoured 

by pl ants genetically capalll e o f f as t er gro1Nth. Varia tion i n growth 

r ate between pl ant s from different districts ~as studied in a uni f orm 

environment . St~pplemen ta1·y phenologica l and morphological informa.tion 

was collected ,. 

6,. THE STUDY 1\REAS 

6 .1 LOCATION 

Studi es were carried out on t wo areas in the Manav1atu. All 

plot experiments and the variation experiment were carried out on an 



area of flot , arpsrently homogeneous l=..:Hl at r-:n.s.sey University. 

~ield studies were car ried out in a farm paddock CJntaining a s t and 

of L. scopc.irium. The paddock borders part of the P~lm0rston Iforth 

Ci ty Council water reserve j_n the Tiritea area and is typical of a 

belt of country , runnin8 along the Tar::trua foot:-iills , (see Fig. 3) 

v;hich is subject to i nvaGion by scrub pl ants . The locotion of the 

paddock, the areas covered by scrub and the siting of sc.>.mplc po:LntG 

are shown in Fig . 1. Indicatlons of the nature of the L. scoparium 

stand are shown in Figs . 2 and l1- , and of the pasture bordering its 

edges in Figs. 6, 7, 8. 

6.2 son .s 

The soil type of the field area is similar to R.:i.U'.nai Gandy 

loam hill soil, a common terrace slope soil of the upper terraces i n 

the Ma1w.watu , and that of the pl ot area , to Ashhurst silt loam s tony 

phase . Descripti.ons of these a re given by N. Z. D. S. I.R . Soil Bureau , 

and Pollok (pers . comm . ) respectively. The soil used in the experiment 

described in Section 13 consisted of a l~ in. overlay o! a soil s i milar 

in type to the P.aumo.i sandy loam hill soil , on the existing subsoil of 

the plot area . 

De t ails of the chemical analy:;;es of (a) the overlay soil usecl 

in the experiment , and (b) the existing t opsoil on the remainder of the 

plot area are given in Tabl e 1. 
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Ti~I3LS 1 

Ch , r ] .. emica..L ,\. na~ _yc;es O J .JO:.!. s 
Quick Te::.' t Exchangeable Tot o.l 

pH Ca K p Ca K N 

PP l+O , 000 PP 250 , 000 pp 50m mo e . ~-6 m. e.% ~j 

(a) 5. 2 3 I+ 1 1 .8 Oo 11 
I 

0 . 09 

(b) Lt o 9 7 11 1 5. 9 o.6 I Ool+O 

(5. 6) (7) ( 10) (O o3) I (0. 3) 
I 

!~nalyses were ca rried out a t Rukuhia .So:i.l Research St ::t tion. 
The possibl e levels below which a de ficiency may exist are shown in 
brackets (ba sed on informa tion from Agriculture Depar t ment and Massey 
University Soils De partment) . 

6 . 3 CI.II iA '11E 

I 

I 
I 

' 

Mean mo11thly rainfall, mean monthly tempera ture , and a ssociat ed 

normal values during the period of the exper iment ar e shown in Fig. 5 

e lans with fro s t days recorded o 

7 o .SEED 

All L. scopnrium seed for experiments in thi s study was collec t ed 

from the Tiritea field area , with the exception of seed fro m other a reas 

used i n the va riG.tion trial . Pnrt way through the study it was f ound 

to be possible to select viable seed with the aid of a binocular 

microscope. Non-viable seeds consist of crown empty testas . 1Hi th 

proper adjustment of lighting , viable seeds can be distinguished by 

their creamy brown colour and plump appearance . Tests proved that 

seed so selected had 1 00~~ germina tion ability . This technique was 

subsequently u.sed to provide s -:; ed .s"'mp1es of known viability so reducint; 

the -.rariability of experimental re0ults . 
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FIGURE 3: PATTi~RN OF REVERSION I N TH£ TIRITEA 

L. scouarium a.nd Ulex europa.eus (Gorse) growing 
on gully sides in mid distance. Field area 
out of photo to lefto 

FIGURE L1 : FOSITIONHlG OF [:.. SEED Cf!_rrcHING TIN 

Also showj~g interior of L. scopariurn stand. 
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Symbols : a.s :for Figure 2, p1.us: 

Ho .l. Eolcus lan;-1tus 

J,eon todon hispiclu.5 

Plnntngo J.anc eolata 

?te:ridium aquilinum var. esculentum 

/// Intimate species mixture 

xx x Moss (principally Thuidium furfurosum) 



CHART OF QUAD. A . 22/3/65 . 

seal~: 1in.:r10cm. 
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CHART OF 0.UAD c . . 22/3/65 

scale· ,-. in. = 10 cm. 



FIGURE 5 

V . .',.R i l\TION n; SOfE F/\CTO.'.::S OF CLIM 1l_Tj~ CV.'..; ~i TE~ .STUDY PZ:RI OD 

Data extracted fro m the meteorological records of D. S .I.R., 

Palmt1rston Nor th. A frost day is recorded when the grass 

minimum t emperatu1·e is 30 . 3°F or below. No::~mal va l.ue s 

(taken from New Zeal and Gaz e tte) based on period 1931-1 960 

for t emperature and 1921-1 950 for r ainfall. 
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8. DATA ANALYSIS 

Zxperimental results were subjected to analyses of variance 

in conformity with experimental design , with the exception of all but 

one of the experiments examining f actors influencing germination . In 

t hese the significance of treatment ef.fects was determined by compnring 

means on a binomial % basis in which 

S . E. 16 = .j ~6 ( 100- ?6) 
N 

(Glenday , pers . comm.) 

Differences bet \'/een means were taken as s ignificant if greater t han 

three t imes the standard error of either mean . Results of the experi-

ment det ermining the i nfluence of seed age on germination were subject 

to analys es of variance on a one way classifica tion basis. 

VIhere the data r ange was great transforma tions to .Jx or 

v' x + 2 were made. Percentages were transformed to arc sine J% 
and herbage yields t o logarithms . None of the varie tion experi!nent 

data or the tiller count data was transformed prior to analysis. 

Substitutes had to be determined for miss ing values in some cf the 

variation experiment da ta. 

Where all replicates in a treatment gave Elore or less z.ero 

data this treatinent was excluded from the analysis , except in the case 

of the experiment described in Section 13 which was factorial in design . 

The pasture feature da ta of the experiment described in 

Section 13, being supplementary , was analysed only on a plot average 

basiso 

W11er e treatments were shown to differ significantly by the vari-

ance ratio test individual treatment means were compared using the t-test . 



.S~CTION III 
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9 ~ ~I:; ~~D \'.iZIGET , Fl~ODUC'l'ION , .~,ND 'rHt:~ OF .SH~i;DDING 

9. 1 .S88D '.'.1EIG1IT 

Seeds of L • .scouar:i:um are very Gmc.11 and l ight. The 
of 

in<:lividual we:i.ght/14,000 sel •=cted i6able r,ecds (2.0 :{ 0.3 rnm . in pJ.an 

view \'/ith triangular to rect::tngula.r cross section) was 0 . 005 mg . 

This is about one-tenth of the .seed weight given by .Silvester. 

Salisbury (1942) classified plants with seeds of this weight 

as pioneers of open habita ts, the small seed being an importent 

advarrtase in dispersal to new habitats , while the low food reserve 

is of little EJig.nificance be ca.use of the lack of competition in such. 

hab itats . However , Grime a~d Jeffrey (1965) demonstrated that 

seedlings of many smal l seeded species were unabl e to grow out of a 

l ayer of shade no deeper than that found i.n herbaceous communit i es . 

Har per and Benton ( 1966) suggested that sma.11 seeds might be an 

::i.clvantage to pioneers of open habitats because they ha.ve a larger 

soil contact/surface area ratio than large seeds and so are less liable 

to desiccation . 

9.2 SEED PRODUCTION 

'rhe main flowering season :i.n the Tiri te:.i. stand vJa.s from 

November to J anuary but flowering and seed setting occurred at a low 

rate throughout .the year. This corresponded closely to observations 

by Burrell :Ln Otago but she claimed that winter flowers were male only. 

The number of seeds per capsule, 2LfD - 470 v1ith the a verage 

e..round 300, vms i:;imilar to that determined by other workers ( Section 3 . 4). 
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9. 3 THE E!!'F.2CT OF SEA.SClfi ON Sl~1m .SH~D 

To determine the ,sr,1asorwl vuriation in seed :falJ. seed tro.ps 

were cet up in the L. scoparium stand . 

9o3•1 METHOD 

Six tins 15 cm. diame ter x 20 cm. daep w~re placed above 

g.r·o und , to avo:i.d interferenc e from stock, t!-1roughout t he st.and 

(Fig. I+). I t ' h .ocR·J.ons are sown in Fig. 1. cm . cliarnr~ ter· 

filter paper h eld in p l ac0 by a. sp1·ing steel v1fre hoop , covered the 

perforat0d bottom of each tin. Tho fi lt ers were collected monthly, 

dried , and the number of L. scaparium seeds counted . 

-· 
9 .3.2 R~.SULTS 

The rosul~s ('rable 2 .:rnJ Fig. 9) show that seed wao shed 

throughout the year ''!ith a minor peak in autumn and a major pea~-: i n 

(Original d~tta, analysis of variance : Appendices 1.1, 

1.2)0 

The difference in numbers of seed shed in the corresponding 

month at the beginning and the eud of the experiment vms probably due 

to a difference in environmental conditions affecting the rat e of 

shed , or to a greater eurnber o f seed beari ng cap.sul e.s beinr; formed :Ln 

the season cov E:~r ed by the exi:;erinient than in the prev:Lous sea.son . 

As suggested by Levy and .Si l vester the production of l arga 
' 

numbers of smccll, extremely l ight and readily dispersed seed, explains 

in part the high invasion potential of L . scoparium . 'rhi s :i.s rein-

forced by the ma.jor seed fall occu:rring in the periods of the year mos t 

favourable fo1° germination. The shedding of s ome seed throughout 



THE EFF.t:.:CT OF S:CJ\::JON ON SE.SD SH E;D 

Mean number of seeds per tin 

Collection Date TY'ansformed I·· lean True .Mean 

23/12 5.61+ 49 
26/1 10.32 162 

22/2 7.24 70 

22/3 9.23 127 

27/4 17a63 388 

24/5 15.24 305 
21/6 14.39 268 

19/7 12.89 209 
16/8 25.58 722 

13/9 26.24 780 
13/10 28.59 972 
8/11 19.52 437 
8/12 14.78 253 

S "' • .w. + 

d.05(.01) 4.32(5.74) 

Note: Data tran.sformed to ./x 
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the re:nainder of' the yr.;;D.r enable .::; gerr:1:i.nc.1tion \'1ith the o.;.:.:-:.:rrcnce 

of iuolatcd Opfort~nities. 

10. 1 11'1~1'.l:UZOI,Icr ·I EI'-IDRYO VHcDIT.I'I'Y 'l.'£ST 

"' Tc-trc:1zolium embryo viab:Ll'i.tJ t est was carl'is-d out. to 

provide information on basic seed viability for subsequent tests of 

factors affecting germination. Tetrazolium (2, 3, 5 triphenyl 

tetrazoliurn chloride), as R 1 - 2% aqueous solution soaked into seeds, 

is reduc.::d by dohydrogena.<;;;es present in the viable erc.bryo resulting 

in a rE:d coJ.ouration, due to the presence of formazin. A detailed 

account of the test is given by Smith (1952). 

10. 1.1 H~TIIOD 

Four swnples each of 100 fresh unsorted seeds were tes ted 

by Seed Testine; Station personnel for viability by the rretrazolium 

method. Another four samples each of 100 seeds were germinated o~ 

moist blotter 5.n an illuminated 100}b humidity germination cabinet 

Counts \'Jere r:Jaje us soon es the fir;.:;t cotyledons c.tI)r:eared 

(on the fourth day after setting out). At this stage all seeds 

showing signs of germination were counted . This process was 

repeated at weekly intervals but no further seeds germinated after 

the f.ir'st count. 

10.1.2 RESULTS 

As indicated in Table 3 basic seed viability is low. There 

was no significant difference between t he results of the Tetrazolium 

and t!1e gerG"1ination tests . 
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COf'.·iJ.1ARI3CN B .8'l1 i,-'f}~ -;~N 'I'.!}l'HA30LITJffi 
~~.t'-!:D G~l:~MII'L:\ TIOH TL:ST.S 

]~ germjnation ps i· E>ample ( o. , b , c , d) per trcci.tment 

a. 

b 

c 

d 

Mean 

I S . 6 . 
~ 

T t e razo l ' J.u:n I G 0rn1i~2~ t ' ion 

I 10 17.5 
23 17.5 
15 22 . 5 

27 1e. .7 

18 .75 19. 05 
ol 
;r) 1. 95 0. 98 

No t e : Dat a o.nalysed on a bi nomial 
9~ bas i s . 

10 .1o 3 DISCUS3ION 

These resul ts verify the low germination % found by other 

workers ( Se:c tion 3 . IJ. ) and en!phasize the importance of a large seed 

producti orl . The appar~nt l ack of dormancy (except in darkness ) 

and r apid g'~rmination must partly offset the disa.d•rnntages of 

smal l seeds and seedlings in inter specific competiti on . However , 

rapid germination of all seed can be a disadvantage in itself as 

unfavourab l e cond i tions may destroy all the seedlings . Year round 

seed dispersal counterac t s this effe~t . 

1Oo2 THE E;Ffi~CT OF LIGHT 

In a prel imino.rJ test unsorted ::>eeds were kept on moistened 

bl ot t er in a d.:>.rk ger mi nntor cxce:p t for e~:posure t o abou t 100 fo ot 

cm1dl es oJ fluore scent l ic;ht for · periods varyin.g fi'or,1 5 to l+o minutes 

every dny . Tlwre wa.s no Gignificant difference in 7{, germ:i.nation . 

To determi ne the eff ects of darkness nnd shorter exposure peri ods a 



- 21 -

fur ther experiment \<:<ls ca.rrled ont . 

10 o2 .1 iETHOD 

Grcups of unso~ted see ds were 0xp0Ged to ~bout 180 foot 

pr7.r d ct.)• l1i:i.th one lFou;.; of ;;ec·dG kqJt ns a co!'ltrol in complete 

da1·'.:1-.css j _n ;)_ gc;··r:"d.n;:;.tor .:lt 20°C (68°F) • ~:; ~1-:::h croup c:.!·1siote!l 

o.f ·t-.;:o J.ot::; of l~CO 1.lii$OJ.·t ::d see t~s s et ont on mo:i.st ~lott2r . 

under the light tr:=ri t r.i~~uts 1Vere covered \'Ji.th moi st blotte r topp~d 

by to~elling and kept jn the dark germinntor with th~ control when 

not cx;::osed . Coun~s were cnrri0d out as in the experim~nt desc~~>ed 

j.l1 0-e ction 10 .1.1 . 

10.,2 . 2 R~SULT:; 

As sho·:.rrt in T.:1.ble l~ , althoui;;h g:)rmin;.1 '.;icn v:as Y!ot compl etely 

inhibited by da rkness , it was grently reduced . ~part from a dcl3y 

in germinat ion at exposure l~vels of less than f ive minutes final 

germina tier. % did not dHfer s i c;nificantly be tween ;:my of the treat-

men ts exposed to l.i5ht . (Original d~ta : Appendix 2) . 

These re.::;nl ts support those o.f .Silvester and the cmphasi.~; 

•:;h:i.ch he o.~d Levy pl aced on Li.[;ht a t grou.'1d l evel as a vital f ac tor 

in the ingress of L. scoparium into pasture. It c ci.n only be 

presur.1e:d tha t in the experiment conducted. by Burrell some small 

amount of light must ha ve r!~ached t.hc Geed::-; . Silvester s uggested 

tha t photosynthe:sis had to occur before germin;ition ~ould proceed . 

How•2ve1· , the complexity of dormancy me chanis ms in -.vhich light is the 
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tr iggoz· h<:!G been d.i::.:;c;.is.seJ i:i revle'.'1.s by Vi&yer and Poljakoff-J.-iaybcr 

(1963), Leopold (1964) anJ others. Investigation of the basis uf 

the light recponse in L. s copa rium seeds waa beyond th8 scope of 

this stu6.y . 

The follov1ing e1~periment .-;as carried out to determine the 

influen<;.:; of temp•.;:;:·u.ture on germination. 

Groups of unsor t ed seeds v;ere exposed to t emperatur es of 

L,o, 60 , 65 arnl 90° F hiside illuminated gerr:1i nntion cabinets. Ee.ch 

group consisted of two lot.s of LfOO unsorted seeds set on mois t 8ned 

blot ting pi:l.fJ<2!' • Counts w~re made as in the experiment described in 

Sect ion 10.·1.1. 

10. 3 •. '2 RE.SULT.J 

From Table 5 it is apparent th'.l.t temperature has a .significant 

e ff0ct 011 fi"n~l ~e·"~i.·n~+4n11 ~ ~1·d r·~ ~a 1•f ~~~~i·na+~on 1)~10~1 ~s0~ - .._. v .. L.:.c;;. .... 0 ..i..~.1 ..... t..Av-.v .. /"" C.J.. c.,;.. v._ <..I b'-'._Ju _ '"' - .. Le;_ \i ~ . ...... . 

Ho::1evcr , al though the time required for germination increased frorn 

16 d.:cys a t 60°F t o 1,3 days a t Lio°F , the drop :Ln ger:nination ~·{, between 

60°:? and L10°F was negligi ble . (Original data: Appendix 3). 

10.3 .3 DISCUSSION 

These resultG differ .some,:1ha.t f:.com those of Silvester \'Jho 

found that ther·e was o. dc::cr·ease in rate of germination b11t not in 

final germinatio~ % with decrease in temperature. Perhaps the sud-

dun t~:.:·op ir. % gcrrnina.tion at 60°F v:c.cs due to a proport:i.on of ~3eed.s 

r2e::.·:.:h ing a n~ortality threshold but it could be expected that dee.th 

due to decreasing t emperature would increase pr-ogres.sively . 



T/131~~ !1. 

Mean gerndn~tion % / treatm~nt 

j"2ime a ft er U T~~'.:posur e Tl me ( 1'.l i n . ) 

1
sett:ing out 0 1 2 3 

9 days l·:ear1 ·~~ - I 15.35 1lt.37 'l6.25 1 :.1 

,, ·,-, 
?$ 1 ·v-; 1. 24 1 . 30 ·- ::.• . ~ . - • L f 

I 

16 daJS I Mean 
c/ 0 . 62 19.75 16& 00 17.37 ;O 

- c: ~ ~·~ o.83 1 • Lr 1 1. 29 1.31+ "-1 • l..J . .. ~ 
! 

TABLE 5 

Tff,:S :GFF.2CT OF TEJ!P2;.:~ATU11E ON G:~rnHl'T!~TION 

Time after 
setting out 

9 days 

16 days 

43 days 

Mean germina tion % / treatment 

~emperature (°F) 
60 65 

0 0 

0 19.3·7 

i1ean ;6 '14 . 62 

+ S . "8 . 1 . 21 1 . 25 

Note: Data analysed on a binomial % basis. 

5 

18.50 

1. 37 

18.50 

1 .37 

90 
19. 00 

19. 00 



- 23 -

lev8ls over a grooto.:c :r·<:mg·2 to g.ivc n elcara.t' p .ctur0 . fl.a 

germirn:::tion (Crock~r and Barton , 1953) these should o.lso b~ taken 

:i.n to ac coL:nt . 

Fr om U-10.se re.:.rnlt~ t here is no oppar:::!lt reason , with othei-

conditions .favour2.ble , 1,·1hy germinntion canno!; oc•;m· throuu;hou t the 

year in the field . 

To examine the effec t of this fa.ctor on seed ger-rnina tion the 

experir.:en t dc::;critcd belov1 was carried out . 

1 0 . ~· . 1 M;;;THOD 

Unsort e d oeed was stored in a screwt op jar under normal r oom 

cond i t i ons . At monthl y i nterv a.l s fou:c samples each of 200 seed~-; 

were pl ac0d on moist filter p.3pe:r in Petri dishes and left t o g<)rmin·-

.::tte . ' " . ,. c:O~ b Ht some stages or the e~c:pG.l'.'1.meI!t a. o.:; 1! germin::i.tion ca· inet 

·Has not avail able . Undar these circumstances the Petri dishes wero 

pl<,ccd on a bench above a v1ater hea ted 1·1D.1.l raC.iator , c :;.re being 

ta.ken to en::.;ur·e t h&.t desi cca tion did not oc cur . 'I'hi.s chr.mge in 

experi nwntol condi"':.ions may have inf luer1ced the results . 

Counts of seedlings were Made as in the expariment described 

:i.r.. Section 10. 1.1. 

10 . 4 o 2 RKSUT./I'S 

Over the 18-month pe:!:'i.od of th:i.s experiment no ::Jigni f:Lc21.nt 

r~duction in germinaLion % occurred . Considerable variation is 

evi dent in the results (Tabl e 6) , both between months and bctwf!en 



TABLE 6 

Me.'Ul ge rmina tion /~ 

. >- • 
j 1 Tr an:::;fo L :ic:d He ans Tr ue r·1iec:~.ns 1 
I 

16/ 10 2l}. 52 ·17. 25 

17/11 ~ 7 r"J"'"I 
'- :J • 1 C. 16.25 

18/1 2 26.65 20 .12 

18/1 26 .1i-5 10 p ,.., 
;· ,.I...•:' 

18/2 25090 19012 

2!i/ 3 25.35 18.37 

21/4 23.08 15.50 

20/ 5 25.11 18.12 

18/ 6 25.73 ·1 8 . 87 

·1 9/7 26.52 20. 00 

1.8/8 2L! .20 16. 87 

18/ 9 26.15 19.50 

1e/11 27.60 21.50 

17/1 25.28 18.25 

14/2 26.23 19.62 

·1 1+/3 26.lf5 18.87 

11/4 26.1 6 19.50 

18/ 5 23.52 16. 00 

,.... .,., 
i"':) . l°'!J . + 0. 99 -
d.05(.01) 2.82(3.78) 

. 

Note : Do.t a t ran3forme d to arc sine -Fr 



oa~plcs ~ithin month~ , possi h ly due to the change in experimenta l 

condit i ons EH"ntioned abo \'e a l though this would not expl a in within 

month vori,3. ti on . 

l;.. 1 , 4. 2). 

10.4.3 DISCUS~ION 

Tlwse results do indicate tha t nlthough the seeds a.re srna.11 

with a thin seed coat , they possess a degree of hurdi1~ss. Cock.er 

and Barton (1953) empha::::iz e d the influence of stora2;r= conditions on 

seed longevity and :5.t is probable that difJ'e:' rences in storage 

conditions accounted f or the difference in the above results and 

those obtained by Silvester . 

To determine the effect of exposure on germination the 

following experiment was conducted . 

10 o5• 1 ME'l'HOD 

Fine mesh nylon bags each containing 5D viable seeds \"!core 

f ixed to a ba.re s oil surface , others being buried 1 - 2 in. i n the 

soil , early i n March . In ec~ch trco.tn1ent tl1:e1 .. e wcr·e si.:"~ oags 

arrc:mged in a randomized block design , r ep1icnl;ecl. three t i r:11~s . 

Every tvJO weeks three bags were r emoved from each tr8c:t tment and tlw 

seeds tested for viability by germi!lati ng on blotting paper in 

Petri dishes as previously described . Germina tions were r e c orded 

as normal , abnormal, or as having occurred while the S•.:! ed;::; were 

exposarl. 

3eed on th::? so:i..l sur f ace had .:?. relatively short life, 



Seeds on Mean ~6 
surface ± S.E.% 

Seeds be- Mean 96 
low surface ± S.E.% 

TABLE 7 

THE EFFECT OF EXPOSURE ON AND BELOW THE 
GROUND SURFACE ON GERMI NATION 

2 weeks 

50.66(8.66) 
4.08(2.29) 

87.34 
12).71 

( 

Note: 

Mean germination 90 / trea tment. 

Time of Exnosure 
4 weeks 6 weekq 8 weeks 10 weeks 

14.00(4.00) 2.00 (0) 2.00 (0) 0 (0) 
2.83(1.60) 1.14 1.14 

74.66 77.34 78.66(3.34) 74.66(4.oo) 
3.55 3.42 3.35(1.46) 3.55(1.60) 

Figures in brackets in the surface section 
represent % abnormal germinations with their 
associated% S.E.; those in the sub surface 
section , % seeds germinated underground and 
their % S.E. 

Data analysed on a binomial % basis. 

12 weeks 

0 ' (0) 

72.00(3.34) 
3066(1.46) 
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viability being low after four weeks (14%) and zero after eight 

weeks. After the first two weeks of exposure embryo damage 

resulted in abnormal germinations. The viability of seed buried 

in the soil suffered an initial drop (to 87%) but did not decrease 

significantly after this point (Table 7). (Original data: 

Appendix 5). 

10.5.3 DISCUSSION 

The nylon mesh bags, not being air-tight or waterproof were 

presumed not to have a great effect on the conditions to which the 

seed would have been subject if lying directly on or in the soil. 

In fact, the seeds on the surface were probably subject to much 

greater desiccation than if unenclosed because of the difficulty in 

keeping the bags tight against the soil. A small proportion of 

seed sown directly onto the soil surface in December 1965 survived 

14 weeks in the experiment described in Section 11. Macro-fauna 

would not have the same opportunity for destroying seed enclosed in · 

a bag. However, it was impractical to place seed directly on or in 

the soil because the minute size would make recovery for viability 

determination extremely difficult. 

The germination of a small proportion of seeds while buried 

in the darkness of the soil supports the results of the experiment 
I 
Q) 

described in Section 10.2. It is doubtful if a buried seed not 

protected from micro- and macro-org~isms by a substantial seed coat 

would last for any period longer than six months to a year. Also 

under field conditions the opportunities for burial and subsequent 

uncovery within the life of the seed would not be great. However, 

this ability to survive for a time under conditions that, except for 
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the absence of light, must be favourable to germination, could be 

of considerable significance to establishment within pasture where 

periodic defolia tion may allow light penetration to ground level. 

The demonstration of a negligible effective carry-over of 

dormant seed on or in the soil from one sea son to the next 

emphasizes the importance of year round seed shed. 

Environmental conditions at the time of the experiment would 

have considerable influence on th e results. The relative differences 

in survival between seed on the soil surface and buried in the soil 

would be likely to remain however. 

110 THE EFFECT OF SEASON ON GERMINATION AND SEEDLING 
SURVIVAL ON BARE GROUND 

An experiment wa s l a id down to determine the effect of season 

on germina tion and seedling survival on bare ground . 

11.1 METHOD 

Twelve plots 61 x 61 cm. were laid down in a randomized block 

design, replica ted three timeso 

Each month 81 selected viable seeds were sown singly at 

6.16 cm. square spacings in each appropriate plot. 

Plots were hoed, raked and firmed prior to sowing. Spacings 

were determined by a hardboard template (similar to that in Fig. 19), 

the seed being placed on top of the soil in a small depression made 

with the end of a pencil. This hollow was intended to prevent the 

seed being blown away. 

The sown plots were examined every fortnight and the number 

of seedlings recorded. 
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TABLE 8 

THE EFFECT OF SEASON ON GERMINATION 
AND SEEDLING SURVIVflL ON BAR~ GROUND. 

Mean final seedling number per treatment 

Sowing Date Transformed True Means 
Means 

12/4 3.18 9.67 

10/5 2.23 5.00 

7/6 4.84 23.67 

5/7 3.71 13.33 

2/8 3.57 12033 

30/8 3.64 13.00 

27/9 2.61 6.67 

25/10 - 0 

22/11 - 0.33 

20/12 - Oo67 

31/1 1.03 1. 33 

7/3 2.22 4o67 

S.E. + Oo41 -
d.05( .01) 1.23(1.69) 

Note: Results · from seed sown on 25/10, 
22/11, 20/12 excluded from analysis. 

Data transformed to v' x + 2 

cp 
( 

• J 



FIGURE 10 

THE EFFECT OF SEASON ON GERMINATION 
AND SEEDLING SURVIVAL ON BARE GROUND. 

Each curve shows the changes in seedling numbers 
from 243 viable seed sown (81 on each of three 
plots) in any one month. The number at the foot 
of each curve indicates week of sowing. Discrep­
ancy between this number and the horizontal week 
and date scale was caused by time req~ired for 
germination and seedling appearance. 

\ 
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11.2 RESULTS 

Seed germination and seedling survival on bare ground is 

subject to considerable seasonal influence (Table 8 and Figure 10). 

In the year under study germination was most rapid and complete in 

autumn and early spring. Germimtion was delayed in winter (June and 

July) and delayed and often zero or very low over the late spring and 

summer (October, November, December, January and February). Following 

frequent rain in April germina tion occurred on three sets of plots, 

one set of which had been sown 14 weeks earlier. Although the greatest 

number of germinations for any one time of sowing occurred in the 

autumn sowing, the number of seedlings surviving from this sowing was 

lower than in the winter or early spring months due to the effect of 

fros t lift. Seedling survival was greatest from seed sown in early 

June. Few or no seedlings established from seed sown in October, 

November or December. (Original data, analysis of variance: Appendices 

6.1, 6.2). 

11.3 DISCUSSION 

The ability to germinate and survive on bare ground from 

seed sown in eleven months of the yea r indica tes great physiological 

plasticity. This could explain why the species can grow in so many 
' / 

diverse environments and has such a high invasion potential. Although 

the number of seeds germinating and surviving in any one month must be 

greatly influenced by the environment at the time of sowing and shortly 

after, there seems to be a definite trend in Fig . 10 which suggests 

overall seasonal influences rather than day to day variations in 

environment may have played the more important part in controlling 

numbers. It is presumed that the major factor influencing germination 
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and seedling survival on bare ground was frost in winter and 

desiccation in summer. However, Harper (1956) demonstrated that 

under low temperatures many germinating seeds have increased 

susceptibility to pathogen attack. Also at low temperatures increas-

ing soil moisture content increased the susceptibility of germinating 

seeds to pathogen attack. (Harper, Landragin and Ludwig, 1955)0 

Differences in plot microtopography between months could 

have influenced germination. Harper, Williams and Sagar (1965) found 

the optimum germination of Chenopodium album (fathen) and Brassica 

oleracea acephala (green marrow-stemmed kale) occurred under different 

surface conditions, coinciding in each case with maximum water absorption 

by the seeds. They concluded that the type of contact between seed 

and soil determined the rate of uptake of water necessary for germination. 

Consequently the type of contact could be critical in determining 

whether or not a seed germinates and this contact may be affected by 

the interaction of size and shape of the seed with topographical 

variations. 

Climatic variations from district to district could be expected 

to have a major effect. Where summer rainfall is higher there may be 

a high level of germination and establishment over this period. 

Also the topographic variations of hill country under similar 

climatic conditions may have provided many sheltered moist situations 

more suited to germination and survival of seedlings on bare ground. 
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12. THE EFFECT OF S.EASON ON GERMINATION 
AND SEZDLING SURVIVAL IN PASTURE 

To determine the seasonal pattern of germination and seedling 

survival under pasture the following observations were made. 

12.1 Mi!..-..r'HOD 

Three quadrats 1 x ~ m. within two meters of the Tiritea 

L. scoparium stand were permanently pegged. These areas were selected 

because of the l arge numbers of L. scoparium seedlings present. 

Location of the chart quadrat sites is given in Fig. 1. 

At monthly intervals from late summer 1965 to autumn 1966 a 

quadrat frame divided into one decimeter squares (Fig. 16) was placed 

over each ar ea and seedling locations with associated vegetation , charted 

on graph paper (based on the technique given in Weaver and Clements , 

1938). The areas covered per quadrat wer e: 

quadrat A 

" B 

" c 

30 sq . dm. 

15 sq. dm . 

25 sq . dm. 

Surface unevenness, causing parallax error s, prevented the whol e of each 

quad.rat from being recorded. Charts from each quadrat were later 

compared to provide information on numbers of new seedlings and their 

associated vegetation,and seedling mortality. However, confusion 

resulted from the difficulty of recording seedlings in identical positions 

from month to month. This was overcome by drawing the charts on 

transparent PVA sheeting, overlaying successive months charts to ensure 

seedlings were noted down in the same position. 

Once new seedlings ceased to appear the chart method was 

abandoned and replaced by a simple count, note being made of whether the 
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seedlings were this season 's, or older . 

To estimate if the numbers of seedlings recorded on the 

t hree quadrats were typical of a greater area a transect (not shown 

in Fig. 1) was run across the open ridge down the middle of the 

paddock . 

On the initial quadrat charts (charted on 22/3/65 , see Figs . 

6, 7, 8) all vegetation was recorded , providing an indication of the 

structure and composition of the pasture communities i nvolved. 

12.2 RESULTS 

Because of the major differences in aspect and pasture type , 

and areas recorded in the three quadrats data was generally impossible 

to analyse statistically. Changes in total seedling numbers, trends 

in seedling ingress and mortality , and association between seedling 

appearance and some habitat features are presented in Figs. ·11, 12, 13. 

It is apparent that there is a definite seasonal influence on 

germination and seedling survival . However , much of the vari ation in 

seedling appearance would be caused by seasonal vari ation in seed fall. 

Seedlings appeared in the pasture from l ate a utumn through to December 

with a very pronounced peak on all quadrats (Fig. 12b ) in October and 

November , at the same time, or slightly later than the peak in seed 

fal l. At this time current seasons numbers were at a maximum . Fig . 

14 indicates seedling s ize at this stage , and relationship to pasture 

components. From early December pasture growth exceeded the demands 

of set - stocked ewes and lambs and by January gr ass height (extended 

foliage height) had increased from the winter - early spring level of 
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1.5 - 2o5 cm. up to a maximum of 10 cm. depending on site and grazing 

pattern. During late January or early February all stock were removed 

from the paddock for · two months and grass growth continued unchecked. 

Etiolation occurred in many L. scoparium seedlings from early December. 
-, 

It is also apparent from Fig. 11 that seedling numbers began to decline 

rapidly on two of the three quadrats from this time. Quadrat A was on 

steeper ground with a more scattered cover than the other two (Figs, 6, 
-,_J 

7, 8) so presumably factors affecting mortality did not come into force 

until later. 

Following the initial rapid fall the decline of seedling 

numbers appeared to ease over late February - early March (Fig. 12a) 

even though pasture at this stage had an extended height of 15 cm. in 

some places. L. scoparium seedlings surviving to this stage were often 

5 cm. high with 16 leaves (Fig. 15). Others were only 1.5 cm. high and 

very suppressed, or etiolated with relatively few leaves. Previous 

seasons seedlings were 15 - 30 cm. high (Fig. 16). Mob stocked ewes 

began grazing the paddock during April and the sharp increase in 

mortality r a t e at this time (Figs. 11, 12a) was due to the effect of 

stock grazing . On quad.rat C especially dead seedlings were found 

lying on the ground after having been pulled free of the soil. Others 

were nipped back, some to below the lowest leaves. During 1965 

observa tions were carried out through the winter and it was obvious 

that even greater damage was done to seedlings when cattle were intro-

duced in June. The effect of heaV'J grazing was tviofold however. 

Although seedling mortality was high as a result , the stock greatly 

reduced the pasture cover exposing much moss, Nertera and bare ground. 

The hoof action of cattle was particularly effective in baring the soil. 



FIGURE 14: L. SCOPARIUM SEEDLINGS IN PASTURE, NOVEMBER 1965, QUAD. C 

The seedlings are shown ringed in white. The habitat in 
which they appear corresponds to the grass and moss category . 
in Figure 13 or the intiw.ate species mixture mapped in 
Figure 8. 



FIGURE 15: L. SCOPARIUM SEEDLINGS IN PASTURE, MA,.~CH 1966, QUAD. C 



FIGURE 16: QUADRAT FRAME, 1 x ~ METER, ON QUAD. C, FEBRUARY 1965 

Previous season's seedlings (15 - 20 cm. high) showing. 
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This bare state persisted until October by which time seed shed was at 

a maximum and germinati on and seedling growth could occur with little 

competition from pasture pl ants . 

The number of seedlings surviving one season was small and 

almost none survived two seasons . However, the survival of one seed-

ling per quadrat over the whole area would be sufficient to form a 

dense stand . 

An indicati on of the nature of the pasture on each quadr at 

can be gained from Fi gs . 6, 7, 8. I t i s obvious that major differences 

exi st in s tructure and composition but that all r epresent poor hill 

pastures of various types. 

Fig. 13 shows that there i s no consistent pattern for the 

three quadra ts in the association between seedling appearance and 

habitat features. To determine whether the associations shown represent 

a departure from random , the area covered by the repective habitat 

featur es in each quadrat would have to be determined. The charts 

presented in Figs. 6 , 7, 8 were drawn on 22/3/65 and species cover 

would have altered considerably, due to gr az i ng and trampling , by the 

time of seedling appearance . 

provide little information . 

Analysi s of these charts would therefore 

The r esults of t he transect across the bar e ridge i ndicated 

tha t only in gaps in the stand ~dge and within a meter or two of the 

edge did seedlings appear to be as numerous as i n the quadrats . Beyond 

12 m. from either side of the ridge it was impossible t o find one 

seedling within a 1 x -l m. quadrat . The age of the marginal L. scoparium 

pl ant s in the s tand is 5 - 8 years (Fig. 2) . Thus , even although 
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there is a large seedling ingress into the surrounding pasture each 

year the stand has ceased to enlarge. Presumably this is due to 

the present manag~ment policy as outlined previously although there 

may be some unobserved limiting environmental factor. 

Major sources of error in the chart quadrat method were double 

recording of seedlings along decimeter boundaries due to parallax 

caused by the quadrat frame not sitting hard down on the uneven surface, 

the physical discomfort and tedium involved in the method, and the 

difficulty of relocating many seedlings due to their small sizeo 

(Original data: Appendices 7, 8, 9, 10). 

12o3 DISCUSSION 

It is apparent that although seedlings appear over seven 

months of the year, the majority appear in the spring, when seed fall 

is highest. The results of the transect also suggest that seedling 

ingress occurs in great numbers only where much seed falls ioe. around 

the margin of the stand. This fact emphasizes the importance of 

removing all L. scoparium when clearing reverted land, and in clearing 

from the windward side so that marginal infection from adjacent stands 

is also at a minimum. 

Possibly the most important observation is that even under 

poor hill country pasture conditions suitable stock and pasture manage­

ment can prevent the establishment of a large number of seedlings which 

appear in the pasture each year. Removal of all stock from a paddock 

for a period sufficient to allow a greater cover of herbage than 

normal to develop, followed by heavy mob stocking appear to be effective 

in control. Because most seedlings appear in spring a similar policy 
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in late spring may prevent seedling ingress altogether. Equally 

important is the demonstration tha t heavy grazing may result in 

large amounts of bare ground, favourable for seedling establishment. 

13. THE EFFECT 
CUTTING FREQUENCY 

OF COVER, APPLIED FERTILIZER, 
ON GERMINATION AND SEEDLING 

AND 

SURVIVAL 
IN GRASSED l\ND BARE PLOTS 

These factors were examined under semi-controlled conditions 

to obtain information on their influence on germination and seedling 

survival. 

13.1 METHOD 

A plot experiment arranged in a factorial design replicated 

four times contained the following trea tments: 

presence or absence of Browntop 

3 rates of applied fertilizer (none) 

3 cutting frequencies 

(low) 

(high) 

(no cutting) 

(fortnightly 
cutting) 

(monthly cutting) 

Black (1958) has discussed the use of boxes to obtain a high degree 

of control without loss of application to field conditions. In this 

case the extra cost and effort required to set up a full scale box 

experiment necessitated a compromise using wooden frames set on the 

ground and filled with soil. This enabled the experiment to be 

conducted on a flat rela tively homogeneous area with a monospecific 

sward and known fertility differences, thus simplifying and reducing 

the number of variables and intera ctions. 
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13.1.1 PLOT CONSTRUCTION AND SWARD ESTABLISHMENT . 

The experiment was laid out using 61 x 61 cm. plots de­

limited by wooden frames 10 cm. deep set 15 cm. apart on the plot 

sub soil. To ensure a sufficiently low level of fertility on the 

appropriate plots, all the frames were filled with a soil similar to 

Raumai sandy loam hill soil (see Table 1 for chemical analyses) which 

had been mixed and sieved through a 1.3 cm. mesh prior to being placed 

in the frames. Care was taken to compact all plots to the same degree 

so that effects on root penetration and soil water relations would 

be similar. Pure Browntop seed of 9096 viability was sown on the 

grass treatment plots during the summer of 1964-65 at the rate of 

1.62 gm./plot. Irrigation using a soak hose spray system was carried 

out when necessary. 

Black (1961) demonstrated that a 2 in (5.1 cm.) border where 

no edge restrictions on roots or shoots were applied, was sufficient to 

give homogeneity of Trifolium subterraneum plants. Although a 3 in. 

(7.6 cm.) border around the inside of each frame had been allowed for, 

with the growth of the grass it was obvious that there was considerable 

edge effect, although not often extending further than 3 in. (7.6 cmo) 

into the plots. To reduce edge effect soil between the frames was excav-

ated to 8 in. (20.3 cm.) and replaced with sawdust topped with shingle. 

No shades to prevent lateral illumination were erected. 

The presence of a fungus disease, tentatively identified in 

the field as Rhizoctonia brownspot by Dr. Latch of D.S.I.R., on the 

Browntop necessitated spraying with Thiram at a rate equivalent to 

1i - 2 lb/100 gal. water at ten days intervals during danger periodso 

These coincided with warm moist autumn and spring conditions. Unfort-
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unately , control was difficult and considerable damage was done to 

some plots, resulting in an uneven tiller distribution and unthrifty 

growth . 

D.D. T. was a lso sprayed on the plots (~ - 1 lb/1 00 gal . water) 

in the autumn and spring to control macro-organisms which may have 

damaged the grass or the L. scoparium seedlings. 

Applications _of· fertilizer to give the desired fertility 

levels were based on recommendations by Levy (1949 ) for bowling greens . 

Nitrate of soda, s uperphosphate, and potassium chlori de combined to 

give an N:P:K ratio of 3 :2:3 were appl ied as a split dressing in April 

and August a t the rate of 65. 0 gm . per plot for the high fertilizer 

application rate treatment and 32 . 5 gm. per plot for the low fertilizer 

application rate treatment . 

Cutting with hand shears 1 . 5 - 2o5 cm. above ground was 

carried out from mid winter as dictated by treatment. 

were discarded . 

Clippings 

Oven dry herbage weights , inside the 7 . 6 cm. buffer stri p , 

were recorded from the time the L. scoparium seed was sown until the 

experiment finished . 

The appearance of pl ots prior to the autumn sowing is shown 

in Fig. 17. 

13. 1 . 2 SO'l'lING THE L. SCOPARIUM SEED 

Fiel d observations i ndicated greatest ingr ess of seedlings 

in spring and sowing was carried out accordi ngly. On each plot at 

the beginning of September 196 selected viable seeds were sown. Four 

seeds were sown at each of 49 points spaced 7 . 6 cm. apart leaving a 
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7.6 cm. buffer around the plot edge. Sowipg was carried (ut using 

a small funnel and a sheet of hardboard with holes drilled at suitable 

intervals to mark .the spacing (Fig. 19). On the grassed plots the 

grass under the holes was parted and the L. scoparium seed sown on the 

ground. On the bare plots the seed was sown at each point into a 

small depression made on the soil surface with a pencil • . _. QAll bare 

plots were surface hoed, raked and firmed prior to sowing. Sowing 

points were marked by coloured headed pins in the cut grass plots, 

by lengths of fine wire in the uncut grass plots (Fig. 20), and not at 

all on the bare plots. 

Sowing was followed by irrigation (as described in Section 

13 .1.1) whenever the bare plots appeared likely to dry out on the 

surface. Sufficient wa ter was applied to keep the soil surface moist 

for 24 hours~ The irrigation was designed to remove any differential 

water stress effects from the experiment as a whole and from between 

grassed and ungrassed plots. 

Spraying the grassed plots with Thiram for control of 

Rhizoctonia brownspot resulted in the failure of this seed sowing. 

(Appendix 25). The plots were resown between 22/3/66 and 24/3/66. 

Trea tment fertility differences were re-established by adding Nitrate 

of Soda at the rate of 9.2 and 4.65 gm. per plot to the high and low 

fertilizer application rate treatments respectively, at monthly inter-

(' 

vals for three months prior to sowing. After the last application 

the plots were well watered before sowing to ensure that the fertilizer 

could have no direct effect on germination. Grass growth was also 

stimulated by irrigation. Thiram spraying was ceased one month before 

seed sowing. 



FIGURE 19: TEMPLATE AND rumrEL FOR SEED SOWING 

.FIGURE 20: MARKING WIRES INSERTED IN UNCUT GRASS PLOTS 

E'IGURE 21: TRANSECT DRINIATION FOR GRASS PLOT PROFILE DIAGRAMS 
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Germination and seedling survival were recorded by seedling 

counts made every fortnight. The first full count was made on the 

7/4/66 and the last count a month later on the 4/5/66. When making 

counts the outer row of seedlings in each plot was recorded separately 

in case edge effects were present. Counts give no indication of 

0 
differences in growth or etiolation between seedlings in different 

treatments but growth was followed for too short a period to warrant 

measuring dry weights, stem length, and leaf numbers. 

13.1.3 RELATIVE ILLUMINANCE 

In this experiment 

R.I. = light value Oo63 cmo above ground under Browntop 
light value in the open 

L. scoparium requires light for germination and a relatively 

high illuminance for seedling survival. In this experiment it was 

presumed that treatments would influence germination and seedling survival 

through soil surface shading. 

To determine inter-treatment differences in relative illum-

inance near ground level a light meter causing minimum disturbance in 

short pasture and sensitive to radiation 400 - 700 mµ in wavelength was 

constructed (Appendix 26). Using this meter light values were recorded 

during the second week of March , just prior to the cutting of the 

fortnightly and monthly cut grass plots and before the autumn sowing 

of L. scoparium seed. Six readings 15 cm. apart were taken per plot 

on a systematic pattern in a manner such that personal bias was 

minimized. Another set of 20 readings per plot at 7.5 cm. spacings 

was taken at the end of the experiment during the second week of May , 

just prior to applying all cutting treatments. Readings on both days 

were taken in early afternoon under sunny conditions with some scattered 
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cloud . Light values in the open were checked after every two or 

three readings . 

Relative.illuminance differences between the grass plots 

must have been caused by differences in community structure resulting 

from the fertilizer and cutting t r eatments . Pasture features 

normally measured to provide information on structure involve 

destructive sampling. Incorporation of sufficient area to allow 

destructive sampling would have made the experiment impractical. To 

overcome the problem profile diagrams were drawn . Till er numbers 

and Leaf .f!..rea Indices were determined for al l plots a t the end of the 

experiment . 

13. 1 . 4 PROFILE DIAGRANS 

For each grassed plot a drawing was made on graph paper of 

the side view of a 30 x 0 . 5 cm. band in the middle of the plot , at right 

angl es to the edge . A 30 cm. ruler with pins 0.5 cm. long projecti ng 

from its edge at 2 cm . intervals was used to delimit the band at ground 

level (Fi g . 21) . All tillers and leaves coming from this band were 

drawn as accurately as possible . Leaf width half way from the tip 

was measured or estimated. Time involved varied from one-quarter 

hour for frequently cut plots to one- half hour for uncut plots. By 

counting the number of tillers recorded and by calculating the area 

of the leaves shown (length x width) estimates of tiller dens ity and 

l eaf area i ndi c (L.A.I . ) were derived. 

Profile diagrams were drawn for each plot a fortnight before 

the autumn sowing of L. scopar ium seed (3 - 5 days before all the plots 

in the cutting treatments were cut) and again at the end of the 
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experiment, nine days after the previous fortnightly cut. 

13.1.5 PERCSNTAGE BARE GROUND 

Percentage bare ground in the cut grass treatments was 

0 
determined at the end of the experiment by point analysis. On each 

plot 117 - 132 points were taken, first hit only being recorded. 

Cover points included hits on stem as well as leaf. Points were taken 

at 5 cm. spacings with the plot being resampled at right angles to 

give the des ired number of points. 

13. 1 • 6 LEAF AREA INDEX 

Leaf area was taken a s the product of width half way from 

~he tip, and length. Because of the regular taper of Browntop leaves 

this was considered to be sufficiently accurate . The plots were 

finally harvested during the period 18 - 25/5/66, one replicate at a 

time. Lea f area indices were determined only for plots in reps. C 

and D. From a sub-sample divided into leaf and stem, 40 leaves were 

taken at random and measured. All material was dried in an oven for 

36 hours at 8o0 c (176°F) and then weighed. The proportion of leaf to 

stem ratio from which leaf weight of the total plot herbage could be 

determined. 

LAI = 

w = 

A = 

p = 

13.1o7 TILLER NUMBERS 

total leaf weight 

leaf area/unit weight determined from 
measured leaves 

plot area 

Tiller counts were made on ten 5 cm. diameter cores taken 
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systematically from each grassed plot after all other measures had 

been made . A further ten sampl es from each of the high rate of 

applied fertilizer frequently cut grassed pl ots in reps . A and D, and 

each of the low rate of applied fertilizer monthly cut plots in all 

reps ., were l ater taken. 

13 . 2 RZSULTS 

(Bracketed fig~res in the text ar e true mean treatment 

values per plot.) 

13.2 .1 GERMINATION AND SURVIVAL OF L. SCOPARIUM 

Seedlings were observed in fortnightly cut gr ass plots on 

28/3/66 , less than a week after seed sowing. By 31/3/66 seedlings 

were appearing on the bare plots . 

Preliminary anal ysis showed no difference between results 

from outer row seedlings and the remainder so these counts were 

combined . 

Analysis of the final seedling count gave the following 

r esults (Table 9, Fig. 28) : 

(1) Seedling numbers differed significantly between the three cutting 

trea tments , most seedlings occurring on fortnightly cut plots (55) 

and l east on uncut plots (17) . 

(2) Seedli ng numbers were significantly great er on plots without 

applied fertilizer (60) than on plots with low or hi gh r ates of 

applied fertilizer (28 and 19 r espectively). 

(3 ) Uncut grass plots had few or no seedlings , monthly cut- grass plots 

did not differ s i gnificantly from bare plots but fortnightly cut­

gr ass pl ots had significantly more seedlings (83 ) than bare plots 

(26). 



TABLE 9 

THE EFFECT OF COVER , APPLIED FERTILIZER, AND CUTTING FREQUENCY 
ON GERMINATION AND SEEDLI NG SURVIVAL I N GRASSED AND BARE PLOTS 

Mean seedling number/treatment 

Initial Count 7/4/66 

i Fertilizer I 
Cover Mean 1 Fo.J;.'tnigh tly 

l0 Cut Monthly Cut 

0 grass 7.56 (67) 
12. 17 (148) 10.35 (109) 

bare 5.63 ( 36) . 6.40 ( 44) 

L 
grass 5.88 (39) 9.54 ( 93) 5.28 ( 31) 
bare 5.99 ( 36) 5.52 ( 32) 

H grass 5.20 (33) 9.cscs c100J 5o1CS ( 29) 
bare 3.53 ( 13) 4.82 ( 23) 

S.E. + 0.35 0.85 
d.05( .01 )- 0.99(1.32) 2.42(3.24) 

Mean cutting frequency 
7.79 ( 71) 6.25 ( 45) effect 

S.E. + 0.35 
d.05( .01 )- 0.99(1.32) 

grass 7.00 (61) 
bare 5.43 (32) 

S.E. + Oo28 I ' 

d.05( .01 )- 0.81 (1.08) ' 

Final Count 4/5/66 

Fertilizer Cover Mean • Fortnightly Monthly Cut Cut 

0 gr ass 6.88 (60) 11.70 (137) 8.82 (84) 
bare 5.93 ( 40) 6.17 (44) 

L 
grass 4.72 (28) 7.12 ( 57) 4.32 (20) 
bare 5.4o ( 29) 5.54 (35) 

H 
- grass 3.71 (19) 7.12 ( 56) 3.20 (12) 

bare 3.00 ( 9) 4.30 (18) 
S.E. + 0.39 

. 0.96 
d.05( .01 )- 1.13(1.51) 2.76(3.68) 

Mean cutting frequency 6.71 ( 55) 5.39 (36) effect 
S. E. + Oo39 

d.05( .01 )- 1.13(1.51) 

I grass 5.04 ( 41) 
bare 5.17 (30) 

S.E. + 0.32 
d .. 05( .01 )- 0.93(1.24) 

Note: 0 = no applied fertilizer 
L = low fertilizer application rate 
H = high fertilizer application rate 
Data transformed to vf x + ~ 

Uncut 

3.54 (12) 
7.29 (54) 
3.63 (13) 
5.32 (32) 
3.44 (12) 
4.38 (23) 

4.60 (24) 

Uncut 

1037 ( 2) 
7.28 (52) 
o.84 < o) 
5.1 (29) 
O.C$4 ( O) 
3.82 (18) 

3.20 (17) 

Bracketed figures in main body of t ables represent 
true means. 



FIGURE 22 

THE EFIBCT OF COVER , APPLIED FERTILI ZER , AND CUTTI NG FRE~UENCY 
ON GZRMINATI ON AND SEEDLI NG SURVIVAL I N GRASSED AND BARE PLOTS 

(a ) Mean treatment numbers from i nitial count 

(b) " " " " final count 

0 = no a pplied fertilizer 

L = low r ate of applied f ertilizer 

H = high r a t e of applied f ertil i zer 

UC = uncut 

4c = monthly cut 

2C = fortnightly cut 
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The initial count differed from the final one in that 

seedling numbers were higher on low and high rate of applied 

fertility grassed -plots. 

Appendices 11.1, 11.2). 

(Original data, analyses of variance: 

13.2.2 RELATIVE ILLUMINANCE 

Results of the analysis of variance of R.I. values determined 

on 9/5/66 (Table 10) show that: 

(1) R. I. was significantly gr eater within fortnightly cut swards (1076) 

than in monthly cut swards (5%). Little or no light penetrated 

uncut swards. 

(2) R.I. was significantly greater within unfertilized swards (14?6 ) 

than in those fertilized at low or high rates (5% and 4% respect­

ively). 

Values determined on 14/3/66 differed in that the R.I. within 

fortnightly cut swards was much lower (6%), not differing signif-

icantly from the value in monthly cut swards. R.I. under low and 

high rates of applied fertilizer was also lower than the equivalent 

9/5/66 values. 

12.1, 12.2). 

(Original data , analyses of variance: Appendices 

13.2.3 PROFILE DIAGRAMS 

Differences in community structure between treatments for 

rep. C are shown in Figs. 23 - 28. 

It is apparent that: 

(1) Uncut plots had long rank herbage and fewer tillers. For clarity 

the stems a~d leaves are shown erect. 

tangled mat up to 25 cm. thick. 

In fact these formed a 



14/3/66 

9/5/66 

TABLE 10 

RELATI VE ILLUMINANCE 

Mean 96 R. I./ treatment. 

Applied Fertilizer 
0 "L H 

19. 39 ( 11 • 60) 7. 61 (2.32) 6.16 (1.20) 

S.E. = + 1035 
d.05( 001 ) = 4. 07(5. 63) 

Cutting frequency: 
fortnightly 12.69 (6000) 
monthly 9o41 (4.08) 
S.E. + 101 3 
do05(701) 3o32 (4.60) 

Applied Fertilizer 
0 L H 

21. 24 (13.71) 12.25 (4086) 10.92 (3. 96) 

S. E. = + 1.11 
d.05(o01) = 3.34 (4. 63) 

Cut t ing Frequency : 
fortnightly 17. 38 (9.78) 
monthly 12023 (5.24) 

S.E. = + 0 . 90 
do05( .01) = 2o71 (3o75) 

Not e : Dat a t r ansfor med to arc sine ~ 
Bracketed figures in main body of the tables 

represent true means . 
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(2) Fortnightly cut plots had the shortest herbage. 

(3) The amount of herbage was reduced under all cutting treatments 

on plots without. applied fertilizer, especially in comparison 

with high r a te of applied fertilizer plots . 

(4) The amount of herbage present on fortnightly and monthly cut 

plots decreased over the period 10/3/ 66 - 6/5/66 . 

Rep. C. profile diagrams were presented because these showed 

trea tment differences most clearly. 

13.2.4 LEAF AREA INDEX 

Analysis of leaf area indices determined on material cut 

18 - 25/5/66 gave the following results: 

19/5/66 

TABLE 11 

LEAF AREA INDEX (LEAF MEASUREViENT 
AND DRY \'JEI GHT BASIS) 

Mean LAI/treatment 

Fortnightly Cut Monthly Cut Uncut 

1.20 (0.94) 1.52 ( 1 0 81 ) 3.02 (8.90) 

Applied Fertilizer 
0 1.74 (3.18) 
L 2.03 (4.44) 
H 1.96 (4.42) 

S.E. = + 0.14 
do05( o01J. = o.45 co.65) 

Note: Data transformed to .j x + ~ 
Bracketed figures in the main body of the t able 

represent true means. 

(1) L.A.I. was significantly higher on uncut plots (8.90) than on 

fortnightly or monthly cut plots (0.9 and 1.8 respectively). 

(2) Fertility treatments did not significantly affect leaf area. 

Although the actual values differ, L.A.I.'s determined from 

profile diagrams drawn on 10/3/66 and 5/5/66 present a similar 



9/3/66 

4/5/66 

TABLE 12 

LEAF AREA INDEX (PROFILZ DIAGRAM BASIS) 

Mean LAI/treatment 

Fortni ghtly Cut Monthly Cut Uncut 
1 062 (2 .17) 2.18 ( 4o60) 3. 30 (10.75) 

Applied Fertilizer 
0 1091 (3. 63) 
L 2. 50 (6 .. 50) 
H 2.70 (7.38) 

S. E. = 0.11 
d. 05( . 01) = 0. 31 (0.42) 

Fortnightly Cut Monthly Cut Uncut 
1.45 (1.65) 1.58 ( 2.08 ) 2. 68 (6 .. 89) 

Applied Fertilizer 
0 1.58 (2. 30) 
L 2. 07 (4.21) 
H 2.06 ( 4.1 2) 

S.E. = + 0.067 
d. 05( . 01 ) = 0.1 96 (0.27) 

Note : Data transformed to ,j x + ~ 
Bracketed figures in main body of the tables 

r epresent true means . 
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pattern (Table 12) except for a significant decrease in L.A.I. 

on plots with no applied fertilizer. Also L.A.I. determined from 

9/3/66 profile diagrams was significant ly higher on monthly cut 

plots, but still lower than on uncut plots. L. A.I. decreased on 

all plots between 10/3/66 and 5/5/66 except on those without applied 

fertilizer. (Original da ta, analyses of variance: Appendices 13o1, 

13.2, 14.1, 14.2). 

13.2.5 TILLER NUMBERS 

The results of analysis of tiller numbers determined from 

plugs taken on 6/6/66 show that: 

6/6/66 

TABLE 13 

TILLER NUMBERS (CORE BASIS) 

Mean c9re number/treatment. 
Core area 20.3 sq.cm. 

Fortnightly Cut Monthly cut Uncut 
89.95 (450) 80.13 (401) 24.29 (121) 

Applied Fertilizer 
0 62.91 (315) 
L 70.85 (354) 
H 60.62 (303) 

S.E. = + 4.90 
d.05( .01) = 14.30 (19.43) 

Note: Data not transformed. 
Bracketed figures in main body of table represent 

tillers/sq.dm. 
x 10 gives approximate number of tillers/sq.ft. 

2 (1) Tiller numbers were significantly lower on uncut plots (121/dmo ) 

2 than on fortnightly or monthly cut plots (450 and 401/dm. respect-

ively). 

(2) Tiller numbers did not differ significantly with different fertilizer 

treatments. 

An identical pattern of results with similar values was shown 



9/3/66 

4/5/66 

TABLE 14 

TILLER NUMBERS (PROFILE DIAGRAM BASIS) 

Mean transect number per treatment . 
Transect ar ea 15 sq. cm. 

Fortnightly Cut Monthly Cut Uncut 

56 . 67 (378) 59. 08 (394) 29. 00 (193) 
Appli ed Fertilizer 

0 48 . 50 (323) 
L 50.92 (339) 
H 45. 33 (302) 

S.E. = + 3. 26 
d. 05( . 01 ) = 9.48 (12. 88) 

Fortnightly Cut Monthly Cut Uncut 

72. 25 (482) 52. 58 (350) 27 . 00 (180) 
Applied Fertilizer 

0 45.25 (302) 
L 60.17 ( 401) 
H 46.42 (309) 

S. E. = + 4. 32 
d. 05( .01 ) = 12. 61 (17 .1 4) 

Note: Data not transformed. 
Bracketed figures in main body of tabl e represent 

till ers/sq. elm. 
x 10 gives approximate number of till ers/sq . ft . 
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by tiller number determined from 10/3/66 profile di agrams (Table 14) . 

However, t iller numbers determined from 5/5/66 profile diagrams 

(Table 14) were significantly greater on fortnightly cut plots and 

on low rates of applied fertilizer plots. (Original data , 

analyses of variance : Appendices 15. 1 , 15. 2, 16 .1, 16. 2) . 

13.2. 6 PERC~NTAGS B.~~E GROUND 

The results of analysis of percentage bare ground values 

(Table 15) show that: 

9/5/66 

TABLE 15 

% BARE GROUND IN GRASSED PLOTS AS DETERMINED 
BY POINT ANALYSIS 

Mean % / treatment. 

Applied Fertilizer 
0 L H 

47 . 42 (54022) 40. 69 (42 . 64) 38. 54 (38.94) 

S.E. = + 1032 
do05( . 01) = 3. 96(5. 49) 

Cutting 
Frequency 
fortnightly cut 43.30 (47. 15) 
monthly cut 41 . 14 (43. 38) 

S. E. = + 1. 07 
d. 05( .01 ) = 3. 24 (4 . 48) 

Note: Data transformed to arc sine v' % 
Bracketed figures in main body of table 

represent true means . 

(1 ) The% bare ground did not differ s i gnificantly between fortnightly 

and monthly cut plots (47% and 43%) respectivel y. Uncut plots 

were assumed to have complete cover (Fig. 17) . 

(2) Plots with no applied fertilize r had significantly more bare ground 

(54%) than plots with low or high r ates of applied fertilizer (43% 

and 39% respectively)o 

(Original da ta, analysis of variance: Appendices 17. 1 , 17 . 2) . 
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TABLE 16 

HERBAGE YIELDS 

Mean gm. dry weight/treatment 

13/4/66 

Annlied Fertilizer 
0 L H 

fortnightl~ 0.9989 1.2335 1.2883 
cut (10005) (17. 31) (19.50) 

monthly I 0.9726 1.3138 1 .4118 
cut (9.80) (20o69) (25096) 

S.E. = + .033 

Mean 
1.17 

(15.62) 
1.23 

(18.82) 

0.019 
d.05( .01) = 0.1 (0.139) 0.057(0.08) 
Mean 0.9860 1.2740 1.3500 

(9.93) (19.00) (22.74) 
S.E. = + .024 
do05(o01) = 0.071 (Oo097) 

20/5/66 
An~lied Fertilizer 

0 L H 
.. 

1.0435 1 .1717 1.1789 
( 11.24) (14.95) (15.19) 

S.E. = + 0.016 -/, 
d.05(.01) ~ 0.049 (Oo068) 

Cutting freq. 1 
fortnightly ' 1.1037 

cut (12.89) 
monthly 1.1590 

cut (14. 70) 
S. E. = + 0.013 
d.05( 001) = 0.04 (0.056) 

Note: Da t a trans formed to logs. 
Bracketed figure s in main body of tables represent 

true means. 
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13.2.7 HERBAGE YIELDS 

The results of analysis of herbage yields from plots cut 

between 18 - 25/5/66 (Table 16) show that 

(1) Fortnightly cut plots yield significantly less (12.9 gm.) than 

monthly cut plots (14.7 gm.). 

(2) Plots with no applied fertilizer had a significantly lower yield 

(11.2 gm.) than plots with low or high rates of fertilizer 

application (14.9 gm. and 15.2 gm. respectively) . 

With the exception of plot~ without applied fertilizer the 

yield on all plots decreased between 13/4/66 and 18 - 25/5/66. 

(Original data, analyses of variance: Appendices 18.1, 18.2). 

Comparison of the results shows that R.I. values varied 

between treatments in exactly the same fashion as seedling numbers. 

For example, both R.I. values and seedling numbers are highest on plots 

without applied fertilizer and lowest on uncut plots . Thus germination 

and seedling survival appear to be dependent on R.I. or some closely 

correlated factor, supporting the hypothesis put forward in Section 

13.1.3. 

The differences in R.I. between treatments must have resulted 

from differences in the amount of herbage shading the ground. Of 

the pasture features measured to indicate the structure of the plot 

communities, herbage yield was the only one showing an identical 

relationship to R.I. under all treatments. It was thought that L.A.I. 

and % bare ground would have given accurate estimates of the amount of 

herbage shading the ground but neither measure differentiated 

significantly between fortnightly and monthly cutting treatments 
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(except for L.A.I. determined from 10/3/66 profile diagrams). Tiller 

numbers were notinfluenced by the treatments except under no cutting 

conditions (discounting the results of analysis of tiller numbers 

determined from 5/5/66 profile diagrams). 

The increase in R.I . between 14/3/66 and 9/5/66 was paralleled 

by decreasing L.A.I. and herbage yields. 

In comparison with conventional methods of measuring tiller 

numbers and L.A.I., the estimates of these features from profile 

diagrams showed identical trends in most cases although the actual 

values differed. Differences are also obvious visually. Considering 

the errors inherent in measuring or estimating leaf width and length 

under field conditions and the difficulty in accurately delimiting 

the 30 x 0.5 cm. band from which the profile diagram was drawn, these 

results suggest that the profile diagram method may have application 

in recording differences in pasture structure. 

13.3 DISCUSSION 

The most significant features of this experiment were the 

.demonstration that: 

(1) Few or no seedlings would germinate and survive in uncut grasso 

(2) Germination and seedling su:vival was highest on grass plots 

without applied fertilizer than on any other, including bare 

plots. 

(3) Where large numbers of seedlings did appear mortality was greatest 

under low and high fertility conditions. 

I n all cases 10111 seedling numbers were coupled with low ill um-

ination values. 
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These results fully support the hypothesis of Levy (Section 

406) that maintenance of a complete ground cover by use of fertilizer 

and sound stock management is essent i a l for cont rol of L. scoparium. 

The result s of other workers (Lazenby, 1953; Harper and Chancellor, 

1959) a l so indicate that weed seedling numbers are normally reduced in 

the presence of grass especially under conditions of high fertility. 

In this experiment seedling numbers were higher and 

germination was faster on fortnightly cut grass treatments than on 

bare ground . Also, relative germination a nd seedling survival on bare 

ground was lower than on bare ground in some sowing months of the 

experiment described in Section 11 . Because of warm temperatures at 

the time of the experiment moisture stress may have occurred on bare 

plots in spite of irriga tion . Lazenby (1955) found that establish-

ment of Juncus effusus was greater under patchy grass than on bare 

ground because of the adverse effect direct exposure to sunlight had on 

germination. 

Except on uncut grass plots it is doubtful that the direct 

influence of shading was responsible for the pattern of seedling numbers 

recorded in this experiment . Only under uncut plots was there 

insufficient light for germination . Consequently initial seedling 

counts should have been higher under all other grass treatments . 

After a period of time it could be expected that seedling survival 

would be less in plots with lower relative illuminance where light 

val ues were possibly below compensation point . However , as decapi tated 

seedlings we~e observed it was considered possible that low seedling 

numbers in the more shaded treatments may have resulted from mortality 

caused by greater populations of macro- and micro-organisms . 
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Favouring the presence of pests and diseases was regarded by Harper 

(1 964) as a competive interaction capable of tnfluencing plant survivalo 

Unfortunately the fate of seedlings in this experiment was 

not followed for a longer period . It is conceivable that at the end 

of two or three months only cut plots without applied fertilizer would 

contain L. scoparium seedlings. Even so the results show that seedling 

ingress can be reduced, in some circumstances to zero, by pasture 

manipulation. As suggested by Levy the vital factor is shading at the 

ground surface . Once seedlings have emerged above the pasture 

canopy they cannot be controlled without grazing. 

stage they would have to be cut. 

14. VARIATION IN L. SCOPARIUM 

At a still later 

There is great morphological variation in L. scoparium 

(Section 2). The basis of this variation has not been determined . 

but Burrell suggested that mos t is a plastic response to environmental 

influences. The amount and form of physiological variation within 

the species is unknown. 

Establishment of plants within pasture must be partly depend-

ent on seedling growth rate. Seedlings with a high rate of growth 

could have a greater chance of escaping pasture shade. To determine 

whether establishment of L. scopariurn in some districts may be favoured 

by individuals genetically capable of faster growth, variation in 

growth r ate was studied in a uniform environment. To provide supple-

mentary information on the degree of genetic differentiation between 

plants from different areas studies were made on variation in some 

leaf f eatures . A preliminary study had shown tha t these lea f features 
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differed significantly between some Australian species of LQptospermum 

(Appendices 19.1, 19.2, 19.3, Fig. 31). Records of phenological 

variation were also ~ade. 

1401 HETHOD 

Seeds were collec t ed from one or two bushes in each of eleven 

districts (Fig. 29). Seedlings from this seed were potted , and after 

six months in a cold frame , transplanted into open ground in May 1965. 

Plants were spaced two fe et apart in a r andomized block design replicated 

nine times. 

In May 1966 accumulated differences in growth rate between 

the even aged seedlings were assessed by height and crown width measures 

(based on the average of t wo measures made at right angles) . 

Leaf featur es measured on these plants were: 

(1) density (i.e. t he number of leaves per cm. of branch). 

(2) width mid- way along the leaf, and length. 

These measures were used to derive indices of leaf shape, (L)( W) and 

(L) 
m· 

Lea f fe a tures were also measured on herbarium specimens collected 

in the eleven areas where seed was gathered (Fig. 29), and on samples 

collected from 40 shrubs in the Tiritea field area (a plan of the 

sampling traverse is shown in Fig. 1). Measures we~e made on a sub-

siduary branch about 20 cm. long. Shoots up to 7.5 cm. long were 

carried in the axils of the lower leaves. Leaf density was determined 

on three of these shoots and the other features were derived from 

measures made on four mature leaves attached to the branch. Records 

of bud break and flowering were made from fortnightly observations of 
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the experimental garden plants . 

14o2 RZSULTS 

Analysis of crown width and height measures shows that (Table 

17, Fig. 30) significant differences between some districts occur in 

these cumulative indicators of growth rate. The district means of 

each measure can be divided into three significantly different groups 

with indistinct boundaries. There is no apparent correlation between 

the measures . The graph of mean crown width against height for each 

area produces a moderately compact cluster (Fig. 30). Although it is 

apparent that the environment was not completely uniform (Appendix 23o2) 

most of these differences must have been genetic in origin. 

(Original data, analyses of variance: Appendices 23.1, 

23.2.). 

The results of analysis of leaf feature measurements -

(1) on experimental garden plants (Appendix 21 .3) show that mean 

values of leaf features when arranged in order of size can be 

broken into three or four significantly different groups . 

Some boundaries between groups are wide, covering up to five 

district means not differing significantly from either group . 

The hierachical analyses of variance show that significant 

differences between plants from the same area occur. As for 

the above section most of these differences must have been 

genetic in origin. 

(2) on herbarium specimens (Appendix 20.3) show that, as for 

experimental garden specimens significant differences do occur 

between areas in the features measured although these could be 



S. E. 

do05( 001) 

TABLE 17 

GROWTH RATE INDICATORS IN L. SCOPARIUM 

(EXPERI MENTAL GARDEN SPECIMENS) 

Mean Height and Crovrn Width 

Crown Width (cm) Height (cm) 

(5) 79 . 89 (4) 126044 

(2) 790 11 (6) 124. 89 

(8) 78.55 (8) 123. 55 

(9) 70.67 (5) 120. 30 

(4) 69.1 1 (7) 117.67 

(3) 68. 78 (2) 113.11 

(7) 65 . 44 ( 1 ) 110045 

( 1 ) 58 . 78 (10) 110.00 

(6) 58.44 (3) 109.11 

( 11) 57.78 ( 11) 99 .55 
(10) 52. 22 (9) 96 . 78 

± 3.51 + 3o14 

9o92 (13.1 9) 8.88 (11 . 81) 

Note : Data not transformed . 

Bracketed figures in main body of table represent 
area code (see Fig. 29) . 
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LEA '/ES OF SOME AUSTRALIAN SPECIES 
OF LEPTOSPERMUM . x 2 

Lower surface appearance. Leaf on right in each group 
shows venation apparent on dissection. 

L. laev igatum 
Victoria Harbour, S.A . 

L. lani g er um 
west of Kiama. N.S .W. 

L. juniperinum 
Sale. Victoria. 

L. sericeum 
Sister Hills. N.W. Tasmania 

tttt@ 
L. myrtifol ium 

Mt. Kosciusko. N.S.W. 

~ ~ ~ ~ t 
L. ericoides <Kunzca peduncularis > 

Fern bank. Victoria. 

L. attenuatum 
west of Kiama • N.S.W. 

~ 
L. juni perinum 

Hall's Gap Rd., Victoria. 

L. coriaceum 
Monarto South. S. A. 

l. squarrosum 
Sydney. N. S .W. 

L. lanigerum 
.Christmas Hills, N.W.Tasmania. 

L. flavescens 
Brisbane, Clueensland. 



FIGURE 32 

LEAVES OF LEPTOSPERMUM 5COPAR!UM 
FR 0 M H E R 8 A R l UM C 0 L L E CT I 0 N . x'2 

Lower surface appearance. Leaf (leaves) on right in 

~ ~ ~ch ;oehows venation on is~u~. ~ t 
Blowhard Ti.ri.tea 

Mangaone 

~~~~~ ~~t~t 
Aokoutere Mangleton Block 

~i~~t ~i~~t 
Katikciti. Te Karaka 

~~~~t @~~ 
P~rakanapa Pari.hauhau 



FIGURE 33 
LEAVES OF LEPIOSPERMUM SC.OPARI UM 
FROM EXPERIMENTAL · GARDEN. x2 

Lower surface appearance of an average leaf from 9 reps (7 for Aokautere) 
of each area. Leaf/leaves on right shows venation -apparent on dissection. 

@ ~ ~ ~· ~ ~ ~ ~ ~ 0 
Blow hard 

@ ~ ~ ~ · ~ ~ $@ ~ t 
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®~@@)~~~~~6$ 
Mangleton Block 

cont. next page 
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due to environmental influence. ·- The boundaries between 

significantly different groups are indistinct. In many cases 

where several ~amples from each area were included in the analyses 

these lie in significantly different groups. 

(3) on Tiritea field area specimens (Appendix 22.3) show that a 

similar pattern is presented as in (1) and (2). In this case 

boundaries between significantly differing groups are even less 

distinct. The range of values in each feature is almost as 

great a.s the total range of values in each feature for plants 

from the eleven districts. As in (2) much of the significant 

variation must be due to variable environmental influence. 

The drawings of leaves from herbarium specimens and experi­

mental garden specimens in Figs. 29, 32, 33 indicate the visible 

differences in leaf features between areas, and the influence of trans­

fer to a different environment. 

(Original data, analyses of variance: Appendices 20 - 22). 

Timing of bud break and the age at first flowering and 

flowering season also varies between districts (Appendix 24). 

14.3 DISCUSSION 

This experiment has . shown that a degree of genetic differ­

entiation exists between plants from different areas in growth rate 

leaf features, and phenology. There are no sharp boundaries. 

Differences in leaf features present in the field are retained 

to a considerable degree under uniform environmental conditions. 

Although the great range in leaf features present in the Tiritea 
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samples may be due to environmental influence significant differences 

in l eaf features a lso occur between plants from the same area when 

grown in a uniform enyironment . Thus variation in growth rate 

between districts may be little greater than the total variation in 

gro·uth rate present in one area . It coul d be expected that an 

apparently cross pollinated speci es with wide dispersal of seed , and 

gr owing in a large r ange of habi tats in any one district would be 

highly variable . 

The apparently fas ter growth in some a r eas is probably 

insufficient to increase the l ikelihood of establishment in t hat area . 

However , this expe riment was carried out in one environment only and 

pl ants from some areas may have possessed physiological adaptions 

which could have benefited them relative to others in another environ-

ment. Ideally a reciprocal transplant experiment woul d have to be 

carried out over a wide r ange of environments and the pl ants observed 

for differential fitness . Also , material from the va rious areas was 

collected in the form of se~d from a limited number of pl ants . Thus 

t he samples used may not express the typical form of the species i n 

that distric t , or t hey may include off- types which normally would not 

have survived the seedling stageso 

1 5 . SUMMARY AND CONCLUSIONS 

This study has shown that intrinsic factor s f avour ing the 

establishment of L. scoparium i nclude : 

(1 ) The production of large numbers of extremely light seed . 

(2) Year- round shedding of seed with grea test numbers being shed 

i n spring. 
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(3) The ability to germinate rapidly. 

(4) The ability to germinate over a wide range of temperatures. 

(5) The ability to remain viable for some months in dark conditions 

which are otherwise favourable to germination. 

(6) The ability to germinate and survive when sown on bare ground, 

over eleven months of the year. 

The high invasion potential of the species must result 

from these factors allowing germination with the occurrence of isolated 

opportunities at almost any time of the year. 

There is no evidence that establishment in some districts 

may be favoured by the existence of genotypes capable of much faster 

growth. 

As stated by Silvester, probably the major factor limiting 

establishment of the species is its requirement of light for germination, 

and relatively high illuminance for seedling growth. It was demon-

strated quantitatively that decreasing the amount of light penetrating 

to ground level in Browntop plots, by increasing the level of fertility 

and decreasing the frequency of defoliation progressively reduced 

seedling survival. The necessity for continuous cover is emphasized 

by these results, but in practice it is impossible to maintain a 

complete cover on steep hill country because of slips and steep banks, 

and droughts, etc. 

Observations showed that seedling numbers can be greatly 

reduced by heavy non-selective grazing. Very heavy grazing during 

winter, however, can favour germination of L. scoparium in the spring 

by baring the ground. Because the majority of seedlings appear in 
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pasture over a moderately short period, control by pasture spelling 

to increase shading, followed by heavy non- selec tive grazing is possibl e . 

Observation also show~d that t wo- year- old seedlings up to 30 cm. high 

can be effectively controlled by grazing. Re-infection of cleared ar eas 

can only be from adjacent stands or isolated pl ants as the seed , once 

shed , has a limited life . 
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APPENDIX 1.1 THE EFFECT OF SEASON ON SEED SHED 

Seed numbers per tin per month 

Tin Number. 

1 2 3 4 5 9 
23/12 1 54 89 130 22 0 

26/1 0 260 305 226 178 0 

22/2 9 93 195 85 35 3 
22/3 8 So 449 129 93 2 

27/4 23 607 770 555 318 52 

24/5 23 409 570 622 191 16 

21/6 7 300 576 515 157 52 

19/7 20 192 560 312 134 38 
16/8 334 574 1410 1196 613 207 

13/9 188 1032 1071 1456 755 182 

13/10 59 1487 1153 2346 783 225 
8/11 77 705 620 749 362 110 

8/12 45 483 371 339 229 52 

APPENDIX 1.2 ANALYSIS OF VARIANCE OF THE EFFECT OF SEASON 

ON SEED SHED 

Data transformed to ~ 

Source of variation d.f. M.S. and F test 

Tins 5 817.82 ** 
Month 12 323.37 •• 
Residual 60 13.98 
Total 77 

V% 23 
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APPENDIX 2 THE EFFECT OF LIGHT ON GERMINATION 

% germination per sample (a,b) per exposure level 

. Exposure Time (min.) 

Time After Setting o' 1 2 3 5 Out 

a 0 15.00 15.00 15.00 19.50 
9 days 

b 0 15.75 13.75 17.50 17.50 

16 days 
a 1.0 21.25 17.00 16.75 19.50 

b 0.25 18.25 15.00 18.00 17.50 

APPENDIX 3 THE EFFECT OF TEMPERATURE ON GERMINATION 

% germination per sample (a,b) per temperature level 

Temperature (OF) 

Time After Setting Out 40 60 65 90 

a 0 0 19.25 18.75 
9 days 

b 0 0 19.50 19.25 

a 0 15.75 19.25 18.75 
16 days 

b 0 13.50 19.50 19.25 

a 14.50 15.75 19.25 18.75 
43 days 

b 12.75 13.50 19.50 19.25 



APPENDIX 4.1 

Date 

16/10 

17/11 

18/12 

18/1 

18/2 

24/3 

21/4 

20/5 

18/6 

19/7 

18/8 

18/9 

18/11 

17/1 

14/2 

14/3 

11/4 

18/5 

APPENDIX 4.2 

Source 

Month 

THE EFFECT OF SEED AGE ON GERMINATION 

% germination per sample per month 

Sample 
a b c 

15.0 16.5 · 19.5 
> 

·15.0 16.0 20.0 

21.5 19.5 19.0 

22.5 21.0 17.5 

21.0 16.5 21.5 

17.5 17.0 17.0 

13.0 17o0 20.0 

14.o 22.0 20.5 

19.0 21.0 16.5 

18.5 16.5 22.5 

17.5 16.0 20o5 

15o0 22.0 20.5 

20.5 23.0 24.o 

19.5 17 .. 0 17.5 

24o5 17.5 16.5 

19o0 20o5 17.5 

20.0 23.5 17.5 

13o5 14.o 19.0 

ANALYSIS OF VARIANCE OF THE EFFECT 
OF SEED AGE ON GERMINATION 

Data transformed to arc sine .J~ 

of variation d.f. M.S. and F test 

17 6.12 N.S. 

Residual 54 3.92 

Total 71 

V% 8 

d 

18.0 

14.o 

20.5 

18.5 

17.5 

22.0 

12o0 

16.0 

19.0 

22.5 

13.5 

20.5 

18.5 

19.0 

20.0 

22.5 

17.0 

17.5 
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THE EFFECT OF EXPOSURE ON AND BELO'l! THE 
GROUND SURFACE ON GSRMINATION 

% normal germination, % abnormal germination 
and% underground germina tion per sample (a,b,c) per fortnight 

Time Aft er Setting Seeds on Ground Seeds Underground 
Out Normal Abnormal Normal Underground 

a. 52 16 92 

2 weeks b 56 4 84 

c 44 6 86 

a 0 0 86 

4 weeks b 24 8 96 

c 18 4 42 

a 2 0 76 

6 weeks b 2 0 80 

c 2 0 76 

a 2 0 76 2 

8 weeks b 4 0 80 4 

c 0 0 80 4 

a 0 0 84 4 

10 weeks b 0 0 68 4 

c 0 0 72 4 

a 0 0 84 4 

12 weeks b 0 0 68 4 

c 0 0 64 2 
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APPENDIX 6.1 THE EFFECT OF SE/,SON ON GEPJUNATION A.ND SEEDT_,ING SURVIV J\L ON BARE GROUND 

Seedling numbers per rep (a,b,c) per treatment 

' 
Sowing Time 

1 2 3 4 5 6 7 8 9 10 11 12 " a b c a b c a b c a b c a b c a b c a b c a b c a b c a b c a b c a b c 
12/4 sown 

26/4 0 0 0 

10/5 0 0 0 sown 

24/5 30 20 20 0 0 0 

7/6 33 28 23 21 8 10 sown 
21/6 33 28 23 30 15 10 2 0 0 

5/7 13 11 13 20 7 5 2 2 0 sown 
19/7 10 11 10 10 3 2 3 3 2 0 0 0 

2/8 10 11 10 10 3 2 3 3 2 0 0 0 sown 
16/8 8 11 10 13 15 15 0 6 8 0 0 0 
30/8 8 11 10 13 18 18 12. 7 8 10 7 7 sown 
13/9 13 28 30 14 15 11 13 12 11 0 0 0 
27/9 13 28 30 14 15 11 11 15 11 8 5 4 sown 
11/10 11 15 11 8 5 10 0 0 0 
25/10 11 ,10 18 2 1 2 sown --

8/11 11 10 18 8 0 4 0 0 0 
22/11 10 3 7 0 0 0 sown 

6/12 10 3 7 0 0 0 0 0 0 
20/12 

0 0 0 0 0 0 sown 
3/1 

0 1 0 
17/1 

0 1 0 
31/1 

'· 
sown 14/2 

28/2 
14/3 sown 
28/3 
11/4 

2 0 0 0 3 1 3 5 2 25/4 
2 0 0 0 3 1 5 7 2 o./9lot 8 11 10 10 3 2 13 28 30 14 15 11 11 15 11 11 10 18 10 3 7 0 0 0 0 1 0 2 0 0 0 3 1 5 7 2 I /5 

Final n 
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ANALYSIS OF VARIANCE OF THE EFFECT OF 

SEASON ON GERMINATION AND SEEDLING SURVIVAL ON 

BARE GROUND 

Only final results analysed 
Treatments 8, 9, 10 excluded from analysis 

Data transformed to ~ x + ~ 

Source of Variation d.f. M.S. and F Test 

Replicates 

Sowing Time 

Residual 

Total 

V% 

APPENDIX 7 

2 0.135 
8 3.720 

16 o.499 
26 

24 

THE EFFECT OF SEASON ON SEEDLING 

APPEARANCE IN PASTURE 

N.S. 
• * 

Number of seedlings per month per quadrat (A, B, C) 

24/5 21/6 19/7 16/8 13/9 11/10 8/11 6/12 10/1 

A 0 4 15 15 27 74 61 19 0 

B 0 1 4 7 41 77 44 22 0 

c 0 1 10 12- 27 185 293 42 0 
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THE EFFECT OF SEASON ON SEEDLING 
MORTALITY IN PASTURE 

Number of deaths per month per quadrat (A,B,C) 
1965-66 season's seedlings 

24/5 
21/6 

19/7 
16/8 

13/9 
11/10 
8/11 

6/12 
10/1 

31/1 
26/2 

28/3 
25/4 

23/5 

A B 

() 0 
0 0 
0 1 

2 1 
4 0 
0 6 
8 23 
1 0 
0 39 
0 1 

43 23 
17 0 

26 35 
30 29 

Note: area: quad A 30 dm.2 

quad B 15 am.2 
quad c 25 am.2 

c 

0 
0 
1 

0 

9 
10 

5 
0 

18 

39 
61 

0 
109 

92 
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CHANGES IN TOTAL SEEDLING NUMBERS IN 
PASTURE WITH SEASON 

Number of seedlings per month per quadrat (A,B,C) 

Current 
A 

24/5 0 

21/6 4 

19/7 19 

16/8 32 

13/9 55 
11/10 129 

8/11 182 

6/12 200 

10/1 200 

31/1 200 

26/2 157 

28/3 140 

25/4 114 

23/5 84 

Season's Seedlings Previous Season's Seedlings 
B c A 

0 0 48 

1 1 35 
4 10 32 

10 22 32 

51 4o 20 

122 215 20 

143 503 13 

165 545 13 

126 527 11 

125 488 5 
102 417 4 

102 417 4 

67 308 4 

38 216 4 

Note: area: quad A 30 a.m.2 

quad B 15 a.m.2 

quad C 25 a.m.2 

B c 

26 45 

22 23 

17 21 

11 17 

7 15 

3 15 

1 11 

1 9 
1 9 
1 7 
1 5 
1 5 
1 1 

1 1 
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APPENDIX 10 THE EFFECT OF SOME HABITAT FEATURES 
ON SEEDLING GERMINATION AND SURVIVAL IN PASTURE 

Number of seedlings per habitat feature per quadrat (A,B,C) 

A B c 
Bare ground 112 (52.09) 80 (40.82) 119 (20.88) 
Moss 38 .(17.67) 31 (15.82) 74 ( 12. 98) 

Nertera 0 ( 0 ) 11 ( 5.61) 0 ( O) 

Fla tweeds 5 ( 2.33) 12 ( 6.12) 23 ( ,.03) 

Grass 39 (18.14) 36 (18.37) 43 ( 7.54) 
Grass and Nertera 0 ( 0 ) 18 ( 9.18) 0 ( 0 ) 

Grass and moss 0 ( 0 ) 0 ( 0 ) 311 (54.56) 
-Grass, moss and Nertera 16 { 7.44) 0 ( 0 ) 0 ( 0 ) 

Moss and Nertera 5 ( 2.33) 8 ( 4.08) 0 ( 0 ) 

Note: Bracketed figures represent % of quadrat total 

area: quad A 30 dm.2 

quad B 15 dm.2 

quad C 25 dm.2 
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APPENDIX 11.1 THE EFFECT OF COVER , APPLI ED FERTILI ZER 
AND CUTTING FREQUENCY ON GERMINATION 

A 
B 
c 
D 

A 
B 
c 
D 

A 
B 
c 
D 

A 
B 
c 
D 

AND SEEDLING SURVIVAL I N GRASSED AND BARE PLOTS 

Total seedling number per rep . ( A,B,C, D) per treatment. 

for tnightly cut 
0 L H 

160 45 49 
125 98 138 
154 11 5 106 
153 11 5 107 

36 53 12 
79 30 19 

8 29 18 
21 31 3 

fortniclltly cut 
0 L H 

136 9 8 
127 56 83 
162 108 59 
123 55 75 

53 37 7 
Bo 25 17 
8 33 7 

20 21 5 

Initial Count 7/4/66 
Browntop Plot s 

monthly cut uncut 
0 L H 0 L 

65 8 21 9 10 
144 29 8 18 8 
135 19 48 12 17 

93 69 38 10 17 

Bare Plots 

72 58 25 36 40 
45 14 20 55 6o 
52 22 25 46 19 

9 34 21 78 7 

Final Count 4/5/66 
Browntop Plots 

monthly cut uncut 
0 L H 0 L 

28 5 5 1 0 
153 19 4 5 1 

95 17 33 0 0 
60 40 6 1 0 

Bare Plots 

89 68 19 36 28 
38 5 16 52 60 
44 30 18 50 23 
5 36 19 72 5 

0 = no fer t ilizer applied 

L = low fertili zer appl i cation r at e 

H = high fer t ilizer appl i cation r a t e 

H 

13 
7 

13 
13 

41 
13 
38 
1 

H 

0 
0 
1 
0 

38 
12 
23 
0 
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APPENDIX 11.2 ANALYSES OF VARIANCE OF THE EFFECT 
OF COVER, APPLIED FERTILIZER AND CUTTING 

FREQUENCY ON GERMINATION AND SEEDLING SURVIVAL IN 
GRASSED AND BARE PLOTS 

Data transformed to Jx + :a> 

Initial Count 7/4/66 
Source of Variation d.f. M.S. and F Test 

Replicates 3 1.04 N.S. 

Cover 1 44.48 • • 
Time of Cutting 2 60.89 • • 
Fertilizer 2 35.48 • • 
C x T 2 87.22 • • 
C x F 2 4.90 N.S. 

FxT 4 2.86 N.S. 

C x T x F 4 7o73 • 
Residual 51 2.88 

Total 71 

V% 27 

Final Count 4/5/66 

Source of Variation dof • M.S. and F Test 

Replicates 
I 3 4.37 N.S. 

Cover ' 1 0.32 N.S. 

Time of Cutting 2 75.31 • • 
Fertilizer ' 2 62.83 • • 
c x T , 2 102.25 • • 
c x F 2 6.62 N.S. 

Fx T 4 2.15 N.S. 

c x T x F 4 7.83 N.S. 

Residual 51 3.73 
Total 71 

V% 38 
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APPENDIX 12. 1 RELATIVE ILLUMINANCE 
6.3 mm. ABOVE GROUND 

A 

B 

c 
D 

A 

B 

c 
D 

Mean % R. I . per rep (A,B,C, D) per treatment 

14/3/66 (based on 6 r eadings/plot) 

Fortnightly Cut Monthly Cut Uncut 
0 L H 0 L H 0 L 

18.78 0.60 1.18 16 . 33 0. 18 1. 13 0. 08 0 

8. 52 6. 55 1 .33 10. 47 1. 12 0 . 50 Oo78 0 

14.73 5. 83 1 . 13 13. 12 0. 98 1.08 0. 05 0 

8. 22 2. 85 2. 32 2. 70 o.45 0.95 0. 25 0 

9/ 5/66 (based on 24 readings/plot) 

Fortnightl y Cut Monthly Cut Uncut 
0 L 

19. 56 3. 04 
19. 45 7.1 2 

17.06 9. 65 
12. 89 7.49 

H 0 L H 0 L 

2. 59 15.1 2 1. 99 1. 59 Oo02 0 

9.99 15.75 4. 20 5. 05 o. o4 0 

5 .80 4. 81 3.1 1 2. 42 0.01 0 

2. 76 5. 07 2. 25 1. 49 o.o4 0 

0 = no fertilizer appli ed 

L = low fertilizer application rate 

H = high fertil izer applicat ion rate 

H 

0 

0 

0 

0 

H 

0 

0 

0 

0 
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ANALYSIS OF VARIANCE 
OF RELATIVE ILLUMINANCE 

Data transformed to arc sine v'-W:-
Data from uncut treatments excluded from analysis 

Source of Variation I d. f. M.S. and F Test 

Replicates 3 13.49 N.S. 

Time of cutting 1 64.55 N.S. 

Fertilizer 2 421.47 • • 
T x F 2 13.27 N.S. 

Residual 15 14.64 

Total 23 

V% 35 

Source of Variation d.f. M.s. and F Test 

Replicates 3 32.59 • 
Time o:f Cutting 1 159.03 • • 
Fertilizer 2 251.66 • • 
T x F 2 3.60 N.S. 

Residual 15 9.85 

Total 23 

V% 21 



_; 69 -

APPENDIX 13.1 LEAF AREA INDEX (LEAF MEASUREMENT 
AND DRY WEIGHT BASIS) 

c 
D 

i 

.. 
L.A.I. per rep (C,D) per treatment 

19/5/66 

Fortnightly Cut Monthly Cut • Uncut 
0 

o.68 

0.97 

I L H 0 L H 0 L 

0.76 0.72 1.20 2.04 1.90 ; 3.01 8.19 

1.33 1.21 1.90 2.12 1.68 11.31 12.17 

Note: L;A.I. determined by this method only 
for reps. C and D. 

APPENDIX 13.2 ANALYSIS OF VARIANCE OF LE.:AF AREA INDEX 
(LEAF MEASUREMENT AND DRY WEIGHT BASIS) 

Data transformed to v' x + i 
19/5/66 

I H 

9.33 

9.41 

Source of Variation d.f. M.s. and F test 

Replicates 1 o.48 N.S. 

Time of Cutting 2 5.68 • • 
Fertility 2 0.13 N.S. 

T x F 4 0.05 N.S. 

Residual 8 0.13 

Total 17 

V% 17 
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APPENDIX 14.1 LEAF AREA INDEX (PROFILE DIAGRAM BASIS) 

A 

B 

c 
D 

A 

B 

c 
D 

L.A.I. per rep. (A,B,C,D) per treatment 

9/3/66 
Fortnightly Cut Monthly Cut Uncut 

0 L H 0 L H 0 L 

0.98 2.20 3.4o 1.15 4o10 10.80 9.96 14.44 

1.76 2.82 1.45 2.40 4.10 6.35 3.28 17.00 

1.33 2.30 3.57 2.00 6.90 6.35 10.30 8.50 
2.16 1.92 2.16 1.74 3.35 5.92 6.55 10.35 

4/5/66 
Fortnightly Cut Monthly Cut Uncut 

0 L 

1.24 1.79 
1.54 2.22 
0.73 1.52 
0.65 2.48 

H 0 L H 0 L 

1.45 0.69 1.95 . 2.07 4.05 5.28 
1.18 0.81 2.44 2.51 2.48 9.83 
2.32 1.75 2.45 3.11 5.00 7.20 
2.66 1.36 3.08 2.76 7.27 10.28 

0 = no applied fertilizer 

L = low fertilizer application rate 

H = high fertilizer application rate 

H 

14.50 
10.82 
12.30 
11.00 

H 

7.25 
8.05 
8.65 
7.38 
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APPENDIX 14.2 ANALYSIS OF VARIANCE OF LEAF AREA INDEX 

(PROFILE DIAGRAM BASIS) 

Data transformed to ../ x + ~ 

9/3/66 
Source of Variation d.f. M.s. and F Tests 

Replicates 3 0.13 N.S. 

Time of Cutting 2 8.85 • • 
Fertility 2 2.02 • * 
T x F 4 0.27 N.S. 

Residual 24 0.13 
Total 35 

V% 15 

4/5/66 

Source of Variation d.f. M.S. and F Tests 

Replicates 3 0.15 N.S. , 
Time of Cutting 2 5.51 • • 
Fertility 2 0.94 * * 
T x F 4 0.01 N.S. 

Residual 24 0.054 

Total 35 

V% 12 

/ 
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APPENDIX 15.1 TILLER NUMBERS (CORE BASIS) 

Mean number per core per rep. (A,B,C,D,) per treatment 
Core area 20.3 sq. cm. 

A 

B 

c 
D 

Fortnightly Cut 
0 L H 

78.8 130.5 92.4 
10702 108.1 33.7 
72.5 83.1 86.8 
94.8 118.1 73.4 

6/6/66 
Monthly Cut Uncut 
0 L H 0 L 

89.5 80.3 83.6 24.4 19.4 
74.6 7708 46.9 16.6 29.1 

72.3 82.6 114.2 41.2 21.5 
61.2 77.2 101.4 21.8 22.5 

APPENDIX 15.2 ANALYSIS OF VARIANCE OF TILLER NUMBERS 
(CORE BAS:ES) 

_1 6/6/66 

H 

23.9 
25.0 
32.7 
13.4 

Source of Variation d.f. M.S. and F Test 

Replicates 3 231.55 N.S. 

Time of Cutting 2 15,051.35 * • 

Fertility 2 346.08 N.S. 

T x F 4 645.97 N.S. 

Residual 24 288.88 
Total 35 

V% 26 
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APPENDIX 16.1 TILLER NUMBERS (PROFILE DIAGRAM BASIS) 

A 

B 

c 
D 

A 

B 

c 
D 

Number per transect per rep. (A, B, C, D) per treatment 

Transect area 15 sq. cm. 

9/3/66 
Fortnightly Cut Monthly Cut Uncut 

0 L H 0 L H 0 L 

49 48 70 58 65 83 56 33 
57 57 54 60 63 45 18 37 
45 63 58 42 64 51 39 22 
80 60 39 43 77 58 35 22 

4/5/66 
Fortnightly Cut Monthly Cut Uncut 

0 L 

64 81 
84 78 
50 66 

47 101 

H 0 L H 0 L 

54 45 53 33 16 23 
48 62 79 33 12 41 

98 51 69 51 55 27 
96 33 75 47 24 29 

o = no applied f rtilizer 

L = low fert~lizer application rate 
/ 

H = high f ertilizer application rate 

H 

YJ 

15 
20 
21 

H 

14 

28 
24 

31 
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APPENDIX 16.2 ANALYSIS OF VARIANCE OF TILLER NUMBERS 
(PROFILE DIAGRAM BASIS) 

9/3/66 

Source of Variation d.f. M.S. and F Tests 

Replicates 3 186.99 N.S. 

Cutting Time 2 3,352.58 • • 
Fertility 2 94.08 N.S. 

T x F 4 213.17 N.S. 

Residual 24 127.24 

Total 35 

V% 23 

4/5/66 
Source of Variation d.f. M.S. and F Tests 

Replicates 3 272.70 N.S. 

Cutting Time 2 6, 177.69 * • 

Fertility 2 825.86 • 
T x F 4 24o.36 N.S. 

Residual 24 224.33 
Total 35 

V% 30 
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APPENDIX 17.1 % BARE GROUND IN GRASSED PLOTS 
AS DETERMINED BY POINT ANALYSIS 

A 

B 

c 
D 

% bare ground per rep. (A,B,C,D) per treatment 

9/5/66 

Fortnightly Cut Monthly Cut 

0 L H 0 L H 

53.04 29.55 29.55 51.52 30.31 46.21 
58.34 46.98 49.25 53.79 46.22 38.65 
58.98 56.42 39.33 53.00 43.60 42 .• 74 
57.20 51 .?/) 35.90 47.86 36.76 29.92 

Note: uncut plots assumed to have complete cover 

APPENDIX 17.2 ANALYSIS OF VARIANCE OF THE % BARE GROUND 
IN GRASSED PLOTS AS DETERMINED BY POINT ANALYSIS -

Data transformed to arc sine .. /% 
9/5/66 

Source of Variation 
' 

d. f. M.S. and F Tests 

Replicates 3 4o.82 N.S. 

Time of Cutting 1 28.15 N.S. 

Fertility 2 171.77 • • 
T x F ' 2 11.14 
Residual 15 13.84 
Total 23 

V% 9 
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APPENDIX 18.1 HERBAGE YIELD 

A 

B 

c 
D 

A 

B 

c 
D 

Mont hly total gm. dry weight per rep (A,B,C,D) per treatment 

13/4/66 

Fortnightly Cut Monthly Cut 

0 L H 0 L H 

9.98 20.53 16.68 7.59 22.69 21 . 94 

9.43 16.14 19.88 6.64 17.64 29.84 
8. 68 13.88 20.08 11.14 21.79 26.14 

12.1 3 18.68 21.38 13. 84 20.64 25.94 

20/5/66 
Fortnightly Cut Monthly Cut 

0 

10 .09 
10.74 

8.74 
12. 27 

L H 0 L H 

14-. 23 13.08 10.06 13.46 13. 92 
13. 51 1~ 9. 65 15.32 16.32 
12. 21-- -----14.46 12. 29 16.52 17.87 
16.90 14.73 16.10 17.46 17.44 

0 = no applied fertilizer 

L = low fertilizer application r a te 

H = high fertilizer application r ate 



- 77 -

APPENDIX 18.2 ANALYSIS OF VARIANCE OF HERBAGE YIELDS 

Data transformed to logs 

13/4/66 

Source of Variation d.f. M. S. and F Test 

Replicates 3 0 . 0091 N. S. 

Cutting Time 1 0.0210 • 
Fertility 2 0.2953 ... 
T x F 2 0.0219 • 
Residual 15 0.0045 

Total 23 

V% 5 . 6 

20/5/66 

Source of Variance d.f. M.S. and F Test 

Replicates 3 0.0122 • • 
Cutting Time 1 0.0184 • 
Fertility 2 0.0464 • • 
T x F 2 0.0003 N.S . 

Residual 15 0.0021 

Total 23 

V% 3.5 
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LEAF FEATURES OF SOME AUSTRALIAN 
SPECIES OF LEPTOSPERMUM 

Density of leaves and measurements of leaf length and midwidth 

( 1) 
D 

1. 5 
2.0 
1.6 

L w 
21.5 7.0 
20.0 6.5 
16.0 6.5 
16.5 7.5 

(7) 
D 

1.6 
1.3 
2.0 

L w 
13.0 3.0 
13.0 3.0 
12.0 3.5 
12.5 2.8 

(2) (3) (4) 
D D D 

1.5 1.8 2.1 
1.4 1. 9 2.4 
1.4 106 2.2 

L w L w L w 
16.0 4.5 15.5 5.0 12.8 2.2 
14.5 4.5 12.0 5.0 13.5 1.5 
16.0 4.8 14.o 4.5 13.0 2.0 
14.o 4.8 14.o 4.o 10.0 1.8 

(8) (9) (10) 
D D D 

2.0 1.2 4.o 
2.1 2.0 4.o 
108 1.7 308 

L w L w L w 
12.0 2.5 9.5 3.5 6.o 2.5 
11.0 2.5 9.5 3.5 6.o 2.5 
12.5 2.5 9.0 3.2 6.o 2.5 
12.5 2.8 6.5 3.2 6.o 3.0 

D = leaf density/cm. of branch 
L = leaf length (mm.) 
W = leaf midwidth (mm.) 

(5) (6) 
D D 

2.2 2o0 
2.3 1.2 
2.3 1.5 

L w L w 
10.0 2.8 15o0 5.0 
11. 0 2.8 15.0 4.5 

9.5 2.8 14.5 5.0 
11.5 2.8 13.5 4.8 

( 11) (12) 
D D 

2.3 2.0 
1.5 4o0 
2.0 2.5 

L w L w 
9.5 1.5 10.0 1.5 
9.2 1.5 10.0 1 o5 

10.0 1.5 9.0 1.5 
9.0 1.2 8.5 1. 2 

(1) = L. l aevigatum (Soland. ex Gaert) F.v.M. 
(2) = L. attenuatum J. Sm •• 
(3) = L. lanigerum J. Sm •• (Kiama , N. S . W.) 
(4) = L. juniperinum J. Sm . (Hall' s Gap Rd ., Victoria) 
(5) = L. uni erinum (Sale, Victoria) 
(6) = L. coriaceum F.v.M.) Cheel . 
(7) = L. sericeum Labill. 
(8) = L. squarrosum Gaertn. 
(9) = L. murtifolium Sieb. ex DC. 

(10) = L. lanigerum (Tasmania) 
(11) = Kunzea peduncularis F.v.Mo = L. ericoides A. Rich. 
(12) = L. flavescens J. Sm. 



- 79 -

APPENDIX 19.2 ANALYSIS OF VARIANCE OF LEAF FEATURES 
OF SOME AUSTRALIAN SPECIES OF LEPTOSPERMUM 

L f D "t ea ensi .y 

Source of Variation d. f. M.S. and F Test 

Species 11 1.478 • • 
Residual 24 0.15 

Total 35 

V% 19 

ea eng mi V/1 a 10 L f (1 th) ( "d "dth) Rt· 

Source of Variation d. f. M.S. and F Test 

Species 11 4,254.11 • • 
Residual 36 193.37 

Total 47 

V% 34.08 

(length) 
Leaf (midwidth) Ratio 

Source of Variation d.f. M.S. and F Test 

Species 11 11.42 • • 
Residual 36 0.396 
Total 47 

V% 15.21 



APPENDIX 19.3 

(10) (12) 

3.93 2.83 

( 4) ( 11) 

6.72 6.71 

( 1) (6) 
127 .a; 69.95 

(5) 
2.26 

S.E. 

(12) 
6.60 

.S. E. 

(3) 

- Bo -

LEAF FEATURES OF SOME AUSTRALIAN 
SPECIES OF LEPTOSPERMUM 

Mean spe cies values 

Mean Leaf Density (leaves/cm.) 
(4) (8) ( 11) (3) ( 1) (7) 

2.23 1.96 1. 93 1.76 1.70 1.~3 

= + 0.22 d.05(.01) = 0066 (0.89) 

M L f (len5th) Ratio ean ea (m~4width) 

(8) (7) (5) (2) (3) (6) 
4.98 4o14 3.75 3.25 3.03 3.01 

= .:!: 0.31 d.05(.01) = Oo90 (1.21) 

Mean Leaf (length) (midwidth) Ratio 

(7) (2) (5) (8) (9) (4) 
64.12 38.75 36.00 29.4o 29037 29.02 23.10 

S.E. = .:!: 6.95 d.05(.01) = 20.05 (27.03) 

(9) (6) 

1.63 1.59 

( 1) (9) 
2.70 2.56 

(10) ( 11) 

15.75 13.46 

Note : Species code (bracketed figures ) as in Appendi x 19.1 

(2) 
1.43 

(10) 
2o30 

(12) 
13.42 
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LEAF FEATURES OF L. SCOPARIUM 
(HERBARIUM SPECIHENS) 

Density of leaves and measurement s of leaf length and midwidth 

(11.1) (11.2) (11.3) (11.4) ( 10.1) (10.2) 
D D D D D D 
3.7 1 • .? 1.8 2.3 3.0 2.2 
3.0 3.0 2.2 1.6 1. 8 3o5 
3.4 2.3 3.8 1 .1 2.4 2.0 

L \V L w 1 w L w L w L w 
6.5 2.5 7.0 2. 5 4.o 2.2 7.0 2.2 7.0 2.1 7.0 2.2 
600 2.2 800 3.0 5.0 2.0 8.5 2. 5 6.o 2.0 6. 8 1. 8 
5.0 2.0 6.o 2.0 5.0 2.0 7.0 2.5 6.o 2.0 6.5 2.2 
5.0 2.0 6.o 2o2 5.0 2.2 5.5 3.0 7.0 2.0 7.5 2.2 

( 9. 1) (9.2 ) (9. 3) ( 6 .1 ) ( 5.1) (5.2) 
D D D D D D 

3.5 2.1 1.3 2.0 2.2 3o4 
2.2 2.4 1.2 2.0 1.9 2.3 
2.0 1.9 1.2 3.2 2.0 2.8 

L w L w L w L w L w L w 
16.5 3.0 9.5 2.5 10.0 3.0 6.o 2. 8 8.o 1.5 10.0 1.5 
16.0 3.0 10.0 2.2 13.0 2. 8 5.5 2.2 8.o 1.5 10.0 1.5 
13.0 2.5 9.5 2.2 10.5 3.0 6.o 2.5 8.o 1.2 10.0 1.5 
14.o 2.5 9.5 2.5 11.5 3.0 6.o 3.2 8.5 1. 8 9.0 1.5 



(4.1) 
D 

2. 8 
3.1 
2.6 

L w 
6.5 1.8 
8.o 2. 2 
7.5 2.0 
6.8 1.5 

( 1.1) 
D 

3.8 
17.0 
20. 0 

L w 
7.0 1.5 
6. o 1.8 
8.o 2.0 
7.5 1. 8 
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(4.2) (3.1) (3.2) 
D D D 

2.7 2.8 2.7 
1.9 3.0 2.3 
2.4 2.7 2.7 

L w L w L w 
9.5 2.0 5.0 2.0 5.5 2.5 
8.o 2.0 6.5 2.0 6.5 3. 5 
8.5 2.0 6.5 2.0 6.5 2. 5 
8.o 2. 0 6.o 2.0 6.5 2.5 

(1.2) · (1.3) (8.1) 
D D D 

9.4 18.0 1.4 
13.0 15.0 1.7 
14.6 15.1 1.5 

L w L w L w 
6.5 1.8 8.o 1.8 11.0 2.5 
7.0 2.0 7.5 1.5 11.0 1.8 
7. 0· 2. 0 7.5 2.0 11.0 2.2 
6.o 1.8 7.0 1.8 8. 5 1.8 

D = leaf density/cm. of branch 
L = l eaf l ength (m.m.) 
W = leaf midwidth (m.m.) 

(1.) = Ruatoria 
(2.) = Parihauhau 
(3.) = Parakanapa 
(4.) = Te Karaka 
(5.) = Katikati 
(6.) = Mangleton Block 
(7.) = Aokautere 
(8.) = Mangaone 
(9.) = Awakino 

( 10. ) = Tiri tea 
(11.) = Blowhard 

(2.1 ) (2.2) 
D D 

1.2 1.4 
2. 2 2.0 
1.3 3. 2 

L w L w 
11.2 3.2 12.0 3.2 
9.0 2.5 12.0 4.o 
9.5 2.5 11.0 3.0 
9.5 2.5 10.0 3.0 

(7.1) 
D 

3.5 
3. 0 
3.1 

L w 
6.5 1.8 
7.5 2.0 
7. 0 2.0 
6.o 1.5 

(.1), (.2) etc. gives sampl e identification within areas. 
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APPENDIX 20o2 ANALYS.ES OF VA..-qIANCE OF LEAF FEATURES 
OF L. SCOPARIUM (HERBARIUM SPECIMENS) 

Leaf Density 
Source of Variation d. f. 

Area 

Residual 

Total 

V% 

22 

46 

68 

Leaf (length) Ratio 
(width) 

Source of Variation d.f. 

Area 22 

Residual 69 

Total 91 

V% 
,-

M. S. and 

49.75 

3.93 

51 

M. S. and 

4.79 

0.21 

12 

Leaf (length) (width) Ratio 

Source of Variation d.f. M.S. and 

Area 27 285.75 

Res idual 69 14.98 

Total 91 

V°/o 21 

F Test 

* * 

F Test 

* * 

F Test 

* * 
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APPENDIX 20.3 LEAF FEATURES OF L. SCOPJ.\RIUM 
(HERBARIUM SPECIME NS) 

D 

(1.3) 16.00 
( 1 .1 ) 13.00 

I (1.2) 12.33 
(11.1) 3.36 

I (7 .1) 3.20 

(5.2) 2.83 

I ( 4.1) 2.83 
(3.1) 2.83 

(11.3) 2.60 
(10.2) 2.57 
( 9.1) () 2.57 

(3.2) 2.56 
( 10 .1) 2.4o 
(6 .1) 2.40 

(11.2) 2:33 
(4.2) 2.33 
(2.2) 2.20 

(9.2) 2. 13 
(5.1) 2.03 

(11.4) 1.67 
(2.1) 1.56 
(8.1) 1.53 

(9.3) 1.23 

S.E. = + 1.14 

d.05(.01) = 3.45(4.62) 

Mean values 

L/W 

(5.2) 6.50 
(5.1) 5.51 
( 9.1) 5.41 
(8.1) 5.06 
(4.2) 4.31 
( 1. 3) 4.27 
(9.2) 4.11 
( 1.1 ) 4.04 
( 4.1) 3. 88 

(9.3) 3.78 
(7 .1) 3.71 
(2.1) 3.67 
( 1. 2) 3.48 
(2.2) 3.44 

(10.2) 3.33 
(10.1) 3.21 
(3.1) 3.00 

(11.2) 2~81 

(11.4) 2.80 
(11.1) 2.58 
(3.2) 2. 31 

(11.3) 2.27 
(6.1) 2.22 

0.23 

o.64(0.85) 

(1) (W) 

(9.1) 

(2.2) 

(9.3) 
(2.1) 

(8.1 ) 

(9.2) 
(11.4) 

(3.2) 

(4.2) 

(11.2) 

(601) 

(5.2) 
(10.2) 

( 4.1) 

( 1. 3) 
(10.1) 

( 1 • 1 ) 

( 1. 2) 

(7 .1) 
(11.1) 

(5.1) 

(3.1) 

(11 .3) 

41.25 

37.35 

32.72 
26.46 

21.70 

20.35 
17.66 

17.25 

17.00 

16.67 

15.77 
14.62 

14.61 

13.62 

13.31 

13.17 

12.70 

12.62 

12.42 

12.36 

12.22 

12.00 

9.95 

Note: Area code (bracketed figures) as in Appendix 20.1 
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LEAF FEATURES OF L. SCOPARIUM 

( EXPERIMENTAL GARDEN SPECIMENS ) 

Density of leaves and measurements of leaf length and midwi dth 

( 1) 

D D D D D D D D 
10.0 14.o 10.0 10.0 7.0 12.0 14.o 10.0 
12.0 16.0 11.0 9.0 10.0 10.0 11.0 12.0 
14.o 15.0 10.0 11.0 8.o 12.0 15.0 12.0 
L w L w L w L w L w L w L w L w 

8.5 1.5 4.5 1.3 8.5 1.3 6.5 1.5 5.0 1.0 7.5 1.5 6.o 1.5 6.o 1.5 
8.o 1.5 5.0 1.3 6. 5 1 .1 7.0 1.5 4.o o.8 7.5 1.8 6.5 1.5 8.o 1. 8 
8.o 1 ~5 5.5 1.5 8. 5 1. 5 6.o 1.5 4.o 1.0 8.o 1.5 6.o 1.5 7.2 1. 8 
8.5 1.5 6.o 1. 5 7.0 1.2 6.5 1.5 4.o 1.0 7.5 10 5 6.o 1.5 6.5 1.5 

(2) 
D D D D D D D D 

5. 3 4.o 4.6 2.4 3.6 7.0 3.2 2.0 
4.3 3.3 4.o 3.0 3.5 5.5 2.8 1.4 
4.6 4.6 2.2 2.0 2.4 5.0 3.5 1.2 

L w L I w L w L w L w L w L w L w 
10.0 3.0 11.0 3.0 9.0 3.0 8.5 2.5 10.0 2.5 9.2 3.0 11.0 2.5 10D 2. 8 
9.5 3.0 11.0 3.0 9.0 3.0 8.5 2.5 10.0 2.8 10.5 3.2 10.5 2.5 9.5 2.5 
10.0 3.0 11.0 3.0 9.0 2.8 8.5 2.5 8.5 2.8 9.0 2.6 11.0 2.0 9.5 2.5 
10.0 2.8 11.0 3.0 9.0 3.0 8.5 2.5 8.5 3.0 8.5 2.5 11.0 2.2 11 .. 0 2.8 

(3) 
D D D D D D D D 

6.o 6.5 4.o 3.2 5.0 5.0 4.5 3.5 
4.5 4.6 3.6 2.4 8.o 5.5· 3.4 3.0 
5.0 7.0 3.5 2.6 6.o 5.3 4.o 4.o 

L w L w L w L w L w L w L w L w 
7.0 2.0 8.o 1.5 6.2 2.0 6.2 1. 8 7.5 2.2 7.5 2.0 8.5 2.0 6.o 2.2 
7.0 2.0 7.5 1.5 7.0 2.2 7.0 1.8 6.5 2.0 8.o 2.0 8.5 2.2 6.o 2.0 
6.5 2.0 7.5 1.8 7.0 2.5 7.0 1.8 7.0 2.5 8.o 2.0 9.0 2.2 6.5 2.5 
6.5 2.0 7.5 1.5 6.o 2.0 6.o 1.8 6.o 1.8 7.0 1. 8 8.5 2.2 6.o 2.0 

D 

10.0 
11.0 
8.o 

L VJ 

7.0 1.8 
7.5 1. 8 
7.0 1. 8 
7.0 1.8 

D 

5.0 
4.o 
5.0 

L w 
10.5 2.8 
10.5 2.8 
10.0 2.5 
10.5 2.5 

D 
3.3 
3.6 
5.0 

L w 
8.o 5.8 
8.o 2.5 
8.5 2.2 
8.o 2.5 
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(4) 
D D D D D D D D D 

4.o 5.0 600 3.6 6.o 6.6 3.2 4.6 6.o 
2.8 6.o 8.0 · 3.6 3.4 6.o 4.o 4.o 5.0 
2.2 6.o 6.o ·· 6.o 5.3 7.3 5.3 5.0 5.3 

L w L w L w L w L w L w L w L w L w 
6.o 2.0 7.0 2.0 6.o 2.0 8.o 2.8 7.5 2.0 11.0 2.0 8.o 2.2 7.5 2.2 5.5 2.5 
6.o 1.8 8.o 2.2 6.o 2.2 7.5 2o2 7.5 2.2 n2.o 2.0 8.5 2.5 5.5 108 5.0 2.0 
6.o 2.0 7.0 2.0 6.o 2.2 8.o 2o2 7.0 2.0 no.5 1.8 7.0 2.0 7.0 2.2 6.o 2.2 
6.5 2.0 8.5 2.5 5.5 2.0 8.o 2.5 6.2 2o0 12.0 2.0 8.o 2.5 5.0 2.0 6.o 2.5 

(5) 
D D D D D D D D D 

6.o 3.6 4.o 3.8 3.0 3.0 2.8 3.3 2.6 
5.5 4.o 4.5 4.5 3.3 4.o 3.2 4.o 2.4 
6.o 4.o 4.o r 4o0 4o0 3.3 5.3 4.o 3.0 

L w L w L w L w L w L w L w L w L w 
10.0 1.8 11.5 3.0 12..0 2.0 n5-o 3.0 9.0 2.5 8.8 2.2 n2.o 2.2 n1.o 2.5 13.5 2.5 
1.1.5 2.2 12.0 2.8 11.5 2.2 13.0 2.2 9.5 2.2 10.0 2.5 n2.o 2.2 n1~0 2.5 10.0 1.8 
10.0 2.0 12..0 3.5 11.5 2.5 14.o 2.8 9.0 2.2 9.0 2.0 n1.o 2.0 n1.o 2.5 11.5 1.8 
10.0 2.0 12.0 3.0 13.0 2.0 13.0 2.2 9.0 2.2 9.0 2.0 n2.o 2.2 no.a 2.2 h2.0 2.0 

(6) 
D D D D D D D D D 

2.4 2.8 4.o 2.8 2.8 2.4 2.2 2.4 2.0 
2.4 3.2 3.0 3.6 3.6 3.6 2.2 3.2 3.2 
2.4 3.4 4.o 3.2 4.6 4.o 2.0 2.2 3.6 

L w L w L w L w L w L w L w L w L w 
6.0 2.2 5.0 2.5 6.5 3.0 5.5 2.2 6.2 2. .2 7.5 3.0 7.0 3.0 6.0 2.0 6.o 2.0 
6.5 3.0 4.5 2.5 6.8 3.0 5.5 2.2 6.o 2.2 6.5 2.0 7.0 3.0 6.o 2.2 6.o 2.0 
6.5 3.0 6.o 3.0 5.8 2.5 5.5 2.5 6.o 2.2 7.0 3.0 6.5 2.5 6.o 2.2 6.o 2.0 
6.o 3.0 6.o 3.0 6.o 3.0 5.5 2.2 6.o 2.2 6.5 2.0 6.5 2.8 6.o 2.2 6.o 2.0 
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(7) . 

D D D D D D D D D 
4.6 7.5 2.8 4.8 3.6 IJ..0 2.8 3.5 4.8 
2.2 8.o 4.8 5.0 3.2 7.0 2.6 3.5 G 
3.0 7.0 4.4· 3.0 4.6 8.o 2.8 3.5 a 

L " L w L w L w L w L w L w L w L w 
8.o 2.2 8.o 3.0 7.0 2.8 5.5 2.5 5.5 2.2 7.0 2.8 8.o 2.8 
7.0 2.2 8.o 2.8 6.5 2.2 6.o 2.5 7.0 2.2 8.o 3.0 7.5 2.5 
8.o 2.2 8.o 2.8 6.5 2.2 6.o 208 6.o 2.5 8.o 2.5 7.5 2.5 
8.o 2o5 7.0 2.5 7.0 2.2 6.5 3.0 5.0 2.5 8.5 3.0 7.0 2.5 

(8) 
D D D D D D D D. D 

2.2 8.o 2.4 3.2 4.o 2.4 1.6 2.2 4.o 
2.0 7.0 3.0 2.4 3.5 4.o 3.2 1.4 2.8 
1.6 6.o 2.4 3o0 5.0 3.8 2.2 2.6 2.8 

L w L w L w L w L w L w L w L w L w 
8.o 3.0 8.5 2.5 9.0 3.2 8.o 2.5 10.0 3.0 8.o 3.0 7.0 3.0 10.5 2.8 8.o 3.0 
8.o 3.0 10.0 3.0 8.o 2.8 8.5 2.2 11.0 3.0 7.5 2.8 7.5 3.2 10.5 2.8 6.5 2.5 
7.5 3.0 8.o 3.0 8.o 2.5 9.0 2.5 10.8 3.0 8.o 2.8 7.0 2.5 9.0 2.2 8.o 3.0 
9.0 3.5 7.5 2.5 8.o 3.5 8.o 2.2 11.0 3.0 8.o 2.5 8.5 3.2 9.5 2.5 7.5 3.0 

(9) 
D D D D D D D D D 

5.0 2.0 4.5 2.0 4.o 6.o 2.0 5.0 4.o 
4.6 2.0 5.0 2.2 5.0 6.o 2.0 4.6 5.0 
3 2 4.o 4.7 2.2 5.0 6.o 1.8 4.o 3.5 

L w L w L w L w L w L w L w L w L w 
9.0 2.5 10.5 2.8 9.0 2.5 10.5 3.0 13.0 3.0 n3.o 3.0 h5.0 3.5 13.0 3.0 17.0 3.8 
9.0 2.5 9.5 2.0 9.0 2.5 11.0 3.0 13.0 3.0 h2.o 2.5 n5.o 3.5 14.o 3.0 16.0 3.5 
9o0 2.8 11.0 2.8 9.5 2.5 ;11.0 3.0 11.0 2.5 n2.5 3.0 n3.o 3.0 13.0 3o0 7.0 4.o 
9.0 2.5 'D.O 2.5 9.0 2.5 h1.0 3.0 11.5 2.5 h1.5 2.5 n3.o 3.0 13.5 3.0 15.0 3.0 

Note: Numbers underlined are replacements for missing itemso 



(10) 
D D D D D D D D D 

5.0 7.0 6.o 2.5 3.2 6.o 4.o 2.8 7.0 
7.0 9.0 6.o 3.2 3.2 7.0 4.o 2.4 9.0 
8.o 7.0 5.3 5.0 3.5 6.o 4.0 3.0 8.o 

L w L w L w L w L w L w L w L w L w 
7.5 2.8 6.o 1.8 8.5 2.·5 7.0 1.8 7.0 2.0 5.5 2.0 6.o 2.2 7.0 2.2 7.0 2.5 
6.5 2.0 7.0 2.0 7.0 2.5 6.5 1.5 6.o 2.0 6.o 2.0 8.o 2.5 8.o 2.5 7.0 2.5 
7.0 2.5 5.5 1.8 7.0 2.5 7.5 2.2 6.o 1.8 6.o 2.0 6.8 2.2 600 2.2 7.5 2.8 
5.0 2.0 6.5 1.8 7.0 2.0 5.0 1.5 7.5 2.0 6.o 2.0 7.0 2.2 6.5 2.2 7.5 2.5 

( 11) 
D D D D D D D D D 

8.o 6.o 2.8 2.4 2.2 3.2 10.0 208 8.o 
9.0 7.2 2.8 3.6 3.2 3.2 9.0 3.0 9.0 
8.o 7.0 5.0 4.1 2.0 3.4 3.2 3.0 8.o 

L w L w L w L w L w L w L w L w L w 
800 2.0 7.0 2.5 7.0 2.2 6.o 2.5 6.o 2.2 6.2 2.8 10.0 2.5 7.0 2.8 7.0 2.8 
8.o 2.0 7.0 2.5 7.5 2.0 6.5 2.5 6.o 2.5 6.o 2.8 8.5 2.0 7.0 2.8 8.o 2.5 
8.o 2.0 6.5 2.0 7.5 2.0 8.o 3.0 6.o 2.5 5.5 2.8 8.o 2.2 7.0 2.8 7.0 2.5 
8.o 2.0 7.0 2.o 6.5 2.5 6.o 2.5 6.o 2.2 8.o 3.0 6.o 2.0 7.0 2.5 8.o 2.5 

'; ( 1) Ruatoria = 
(2) = Parihauhau 
(3) = Parakanapa 
(4) = Te Karaka 
(5) = Katikati: .. 
(6) = Mangleton Block 
(7) = Aokautere 
(8) = Mangaone 
(9) = Awakino 

(10) = Tiritea 
( 11) = Blow hard 

D = leaf density/cm. of branch 

L = leaf length (mm.) 

w = leaf width (mm.) 
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APPENDIX 21.2 ANALYSl:S OF VARI ANCE OF LEAF FEATURES 
OF L. SCOPARIUM 

(EXPERIM:2NTAL GARDEN SPECIMENS ) 

L f D 't ea ensi :y 

Source of Variation d. f. M. S. and 

Replicates 8 20.81 

Between a reas 10 136.81 
Within area 78 5.98 
Residual 194 0.87 
Total 290 

V°/o 50 

(length) 
Leaf (midwidth) Ratio 

Source of Varia tion d. f. M.S. and 

--
Replicates 8 o.43 
Between areas 10 19.91 
Within areas 78 1.47 
Residual 291 0.081 
Tot al 387 

V% 47 

ea eng ffil. WJ. a J.O L f (1 th) ( ' d 'dth) Rt· 
Source of Variation d.f. M.S. and 

Replicates 8 101. 48 
Between areas 10 1931.10 
Within areas 78 87.85 
Residual 291 10.33 
Tot a l 387 

V% 34 

F Tests 

* * 
* * 
* * 

F Tests 

N.S . 
* * 
* * 

F Tests 

N . S . ' 
* * 
* * 
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APPENDI X 21.3 LEAF FEATURES OF L. SCOPARIUM 
(EXPERI MENTAL GARDEN SPECIMENS) 

Mean values 

Leaf Density L/W (L) (W) 

( 1 ) 8044 (5) 4o90 (9) 35.14 
(10) 4.oo ( 1 ) 4.55 (2) 26.66 

( 11 ) 3.86 (9) 4.12 (5) 25.78 

(4) 3.78 (2) 3.61 (8) 24012 

·- (3) 3.40 (3) 3.57 (7) 18.57 

(7) 3o35 (4) 3.44 ( 11) 17.02 

(9) 2.92 (10) 3.17 · (4) 15.66 

(5) 2.92 (8) 3.06 (6) 15.30 
(2) 2o76 ( 11 ) 2.99 (3) 14.79 
(8) 2.46 (7) 2.78 (10) 14.38 

(6) 2.26 (6) 2.51 ( 1 ) 9.87 

SE = + o.47 0.2 1. 56 

d.05(.01) = 1.33(1.77, 0.56(0.74) 4.42(5.88) 

Note: Area code (bracketed figures) as in Appendix 21.1 
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LEAF FEATURES OF L~ SCOPARIUM 
(TIRITiA SPECIMENS) 

Density of leaves and measurements of leaf length and midwidth 

( 1 ) (2) (3) ( 4) (5) (6) (7) (8) 
D D D D D D D D 

5.0 4.o 5.0 10.0 4.5 8.o 9.0 7.0 
4.o 8.o 4.o 3.0 4.o 7.0 3.0 10.0 
4.o 8.o 5.0 8.o 4.o 7.0 7.0 4.o 

L w 1 w L w L w L w 1 w L w L w 
9.0 1.7 8.5 1.8 8.o 2.0 7.0 2.0 6.8 2.2 8.5 1.8 5.5 2.0 8.o 2.8 
7.0 1.7 8.o 2.0 8.o 2.0 7.5 2.0 5.0 2.0 9.0 1.8 5.0 2.2 9.0 3.0 
7.0 1.5 8.o 1.8 8.o 2.8 7.5 2.0 6.o 2.1 7.5 2.1 7.0 2.5 9.0 3.1 
9.0 2.0 9.0 1. 8 7.0 1.7 7.0 2.0 6.5 2.0 7.0 2.1 6.o 2.2 9.0 2.0 

(9) ( 10) ( 11 ) (12) (13) (14) ( 15) (16) 
D D D D D D D D 

7.0 5.0 6.o 8.o 8.o 9.0 9.0 6.o 
4.o 4.o 4.o 9.0 8.o 5.0 6.o 8.o 
6.o 3.0 7.0 9.0 6.o 7.0 8.o 6.o 

L w L w 1 w L w L w L w 1 w L w 
7.0 1.8 5.0 2.8 7.0 3.1 6.5 1.8 7.5 1.5 7.0 1.5 8.5 2.0 7.0 1.9 
6.o 1. 8 5.0 2.5 6.5 2. 8 5.0 2.0 8.o 2.0 6.o 1.8 7.0 2.0 8.o 2.2 
6.o 1.8 4.5 1. 7 7.0 3.5 6.5 1.8 8.o 1.8 6.o 1. 5 8.2 1.8 7.0 1.9 
6.5 2.0 4.5 1.8 7.0 3.2 5.5 2.0 8.5 1.8 6.8 1. 8 9.0 2.2 6.5 1.5 

(17) ( 18) (19) (20) (21) (22) (23 ) (24) 
D D D D D D D D 

7.0 . 5.0 7.0 7.0 3.0 9.0 9.0 12.0 
5.0 5.0 9.0 4.o 3.0 4.o 8.o 7.0 
6.o 3.0 7~0 6.o 4.o 4.o 5.0 10.0 

L w L w L w L · w L w L w L w L w 
6.o 2.1 7.0 2.4 7.0 1.8 6.o 2.1 7.0 2.2 8.o 2.5 4.5 1.8 6.4 2.0 

6.8 2.1 7.2 2.4 8.o 1.8 7.0 1.8 7.0 2.2 7.0 2.2 4.5 1.8 6.2 2.0 
5.8 1.8 6.8 2.4 8.o 2.2 6.5 2.0 7.5 2.0 8.o 2.5 5.0 2.2 5.2 2.2 
6.o 2.0 6.o 2.2 8.2 1.8 6.o 2.0 7.0 2.5 7.5 2.8 6.5 2.0 6.2 2.0 



(25) 
D 

11.0 
12.0 
4.o 

L w 
6.5 1.8 
6.o 1.8 
6.o 1.8 
6.8 2.0 

(33) 
D 

9.0 
10.0 
12.0 
L w 

8.o 2.5 
8.5 2.5 
8.5 2.5 
7.5 2.0 
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(26) (27) (28) (29) (30) (31) (32) 
D D D D D D D 

5.0 9.0 3.0 8.o 6.o 6.o 800 
4.o 3.0 4.o 9.0 8.o 7.0 12.0 
6.o 8~0 6.o 7.0 7.0 5.0 10.0 

L w L w L w L w L w L w L w 
5.5 1.5 7.0 2.0 5.1 2.0 5.2 2.1 9o0 2.0 8.o 2.0 7.8 2.5 
6.5 2.0 7.5 2.0 4.1 2.0 6.o 2.5 7.0 1.8 9.0 2.2 5.0 2.0 
5.2 1.5 7.0 2.0 6.o 2.0 5.8 2.2 8.5 2.0 7.5 2.0 6.2 1.8 
5.2 1.5 6.o 1.8 4.8 2.0 5.0 1.8 8.o 2.0 8.o 2.0 6.5 1.8 

(34) (35) (36) (37) (38) (39) (40) . 
D D D D D D D 

10.0 ~ 7.0 3.0 7.0 4.o 6.o 6.o 
8.o 3.0 6.o 8.o 6.o 5.0 6.o 
9.0 5.0 8.o 5.0 5.0 4.o 6.o 

L w L w L w L w L w L w L w 
8.5 2.2 7.0 2.1 7.0 2.0 6.o 1.8 7.6 2.1 6.o 2.1 7.0 2.0 
9.0 2.0 7.0 2.5 6.2 2.0 6.o 1.8 6.5 2.0 7.5 1.8 6.5 2.5 
8.5 2.5 6.o 2.6 6.o 2.5 5.2 1.8 7.8 2.4 6.o 2.0 8.o 2.0 
8.o 2.0 6.o 2.8 7.0 2.5 6.o 1.5 7.2 2.2 7.5 2.0 8.3 2.0 

Note: Bracketed figures represent sample identification 
number. 

D = leaf density/cm. of branch 

L = leaf length (mm.) 

W = leaf midwidth (mm.) 
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Total 
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ANALYSES OF VARIANCE OF LEAF FEATURES 
OF L. SCOP.ARIUM (TIRITEA SPECI.MZNS) 

Leaf Density 

Variation d. f. 

39 
80 

119 

Leaf (length) Ratio 
(width) 

Variation d. f. 

39 
120 
159 

M. S. and 

8.57 
3.47 

29 

M. S. and 

2.56 
0.15 

11 

Leaf (length) (width) Ratio 

Variation d.f. M.S . and 

39 41.30 
120 5.24 
159 

16 

F Tests 

* * 

F Tests 

* * 

F Tests 

* * 
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LEAF FEATURES OF L. SCOPARIUM 
(TIRITEA SPECIMENS) 

Mean values 

Leaf Density L/W (L) (W) 

(33) 10.33 (1) 4.71 (8) 23.82 
(32) 10.00 (2) 4.54 ( 11) 21.70 
(24) 9.67 (13) 4.54 (33) 19.37 
(25) 9.00 (30) 4.16 (22) 19.10 
(34) 9.00 (6) 4.13 (34) 18.49 
(29) 8.oo (19) 4.13 (31) 16.70 
(12) 8.oo (15) 4.10 (3) 16.57 
(15) 7.67 (31) 3.96 (15) 16.39 
(19) 7.67 (34) 3.94 (35) 16.15 
(13) 7.33 (14) 3o94 (18) 15.90 
(2) 7.33 ( 16) 3 ~ 76 (30) 15.90 
(6) 7.33 (3) 3.74 (38) 15.88 
(4) 7.00 (4) 3.62 (21) 15.82 
(8) 7.00 (40) 3.56 (40) 15. 71 

(14) 7.00 (29) 3.52 (6) 15.49 
(30) 7.00 (26) 3.46 (2) 15.47 
( 16) 6.67 (9) 3.45 ( 19) 14.84 
(23) 6.67 (33) 3.44 (36) 14.72 
(27) 6.67 (25) 3.42 (4) 14.50 
(37) 6.67 (37) 3.39 ( 13) 14.24 

(7) 6.33 (38) 3. 38 ( 1 ) 13.92 
( 17) 6.oo (39) 3.38 (16) 13.49 
( 4o) 6.oo (8) 3.31 (27) 13.45 
(31) 6.oo (20) 3.25 (7) 13.17 
(36) 5.67 (32) 3.17 (32) 13.09 
(22) 5.67 (12) 3.12 (39) 13.02 
(20) 5.67 (21) 3.10 (5) 12.64 

. ( 11) 5.67 (22) 3.08 (20) 12.55 
(9) 5.67 (17) 3.08 ( 17) 12.33 

(26) 5.00 (36) 2. 95 (24) 12.26 
(35) 5.00 (24) 2o94 (29) 11.92 
(38) 5.00 (5) 2.92 (9) 11.80 
(39) 5.00 (18) 2.87 (25) 11.72 
(3) 4.67 (19) 2.75 ( 12) 11010 
( 1) 4.33 (7) 2.64 (14) 10.63 
(5) 4.33 (35) 2.64 (10) 10.56 

(18) 4.33 (23) 2.63 (23) 10.05 
(28) 4.33 (28) 2.50 (28) 10.00 
(10) 4.oo (10) 2.73 (37) 9.99 
(21) 3.33 (11) 2.19 (26) 9.21 

SE = + 1.08 0.19 1.14 
do 05( 001 ) = 3.04(4.04) 0.53(0.71) 3.21(4.24) 

Bracketed figures represent sample identification number. 
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APPENDIX 23.1 GROWTH RATE INDICATORS IN L. SCOPARIUM 
(EXPERIMENTAL GARDEN SPECIMENS) 

Rep 
Area 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Rep 
Area 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Crown width (cm.) 26/5/66 
Average of 2 measurements taken at right angles at the 

widest point 

a b c d e f g h 

90 58 65 50 48 48 55 62 
90 72 84 78 73 70 75 90 
90 58 73 55 80 63 65 75 
83 70 43 60 65 73 75 75 
83 82 98 65 65 75 87 72 
88 61 60 60 40 48 67 50 
64 77 60 60 85 52 60 64 
90 93 75 63 93 63 75 85 
70 77 80 83 73 80 70 58 
43 48 58 59 45 52 60 55 
63 72 63 63 62 58 47 47 

Height (cm.) 26/5/66 

a b c d e f g h 

112 106 122 120 90 114 103 116 
99 100 107 130 103 123 124 120 

102 99 99 117 110 111 130 114 
130 121 133 130 114 113 126 126 
104 120 130 103 129 128 123 112 
121 100 133 139 120 131 105 135 
110 117 130 111 115 125 116 119 
128 121 135 133 124 121 121 109 
86 101 100 106 98 101 90 80 

103 111 113 113 88 118 110 123 
102 90 99 98 103 101 93 104 

i 

53 
80 
60 
78 
92 
52 
60 
70 
45 
50 
45 

i 

111 
112 
100 
145 
134 
140 
124 
120 
109 
111 
106 

Note: Numbers underlined are replacements for missing items. 
Area code as in Appendix 21.1 
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ANALYSES OF VARIANCE OF GROWTH RATE 
INDICATORS IN L. SCOPARIUM 

('EXPERIMENTAL GARDEN SPECIMEN) 

Crown width (cm.) 

Source of Variation d.f. M.S. and 

Replicates 8 257.05 

Areas 10 825.30 

Residual 78 110079 

Total 96 

V% 16 

Height (cm.) 

Source of Variation d.f. M.S. and 

Replicates 8 232.00 

Areas 10 885.60 

Residual 78 88.79 

Total 96 

V% 8 

F Tests 

• 
• • 

F Tests 

• 
• • 
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PHENOLOGICAL OBSERVATIONS IN L. SCOPARIUM 
(EXPERI MENTAL GARD~N SPECIMENS) 

Time of Bud Break 

Number of plants from each area showing bud break since 
previous observation 

Area 1 

11/8/65 

25/8/65 6 

9/9/65 3 

Area 1 

spring 1 

Autumn 0 

2 3 4 5 6 7 8 9 

1 2 1 1 

7 5 7 8 7 2 5 6 

1 4 0 0 1 5 4 3 

Flowering Season 

Number of plants from each area flowering 
in spring and/or autumn 

2 3 4 5 6 7 8 9 

2 0 0 3 3 1 2 0 

0 1 0 0 4 0 1 0 

Note: Ar ea co de as in Appendix 21.1 

10 11 

3 3 
6 6 

10 11 

0 0 

0 1 





APPENDIX 25: FUNGICIDE TOXICITY TEST 

Fungicides in suffici ently hi gh concentra t i on are toxic to 

higher plants. 

Following the failure of L. scoparium seed sown into grassed 

plots to which Thiram was applied (Section 13. 1.2), the effect of the 

fungicide at recommended spray concentrations was tested on germinat i on . 

A preliminary test showed that germination proceeded to the stage of 

testa shedding but no root or shoot growth occurred . 

In a more comprehensive t es t the effects of a range of 

fungicides on germination of L. scoparium were determined. 

METHOD 

The tests were carried out in Petri dishes each containing 

50 selected viable L. scoparium seeds r esting on filter paper . To 

each dish was added a liquid suspension of one of the fungicides under 

test, at r ecommended spray concentra tions . Sufficient suspension was 

added to moisten the filter paper and the seed, and further suspension 

was added if signs of desiccation appeared. One lot of 50 seeds was 

also tested against the wetting agent used in plot spraying. As a 

control 50 seeds were moistened with water . There was no replica tion . 

The fungicides and wetting agent tested , and the concentrations 

used, are listed below. 

DITHAI'IB M22 (Manganous ethylene bisdithiocarbamate) 

CAPTAN 50% (N- Trichl oromethyl mercapto 4 cyclo 
hexene 1 , 2 dicarboximide) 

THIRAM (Tetramethylthiuram disulphide) 

P.C.N.B. (Pentachloronitrobenzene) 

AGRAL LN (wetting agent) 

1! - 2 lb/100 gal 

2 - 4 lb/1 00 gal 

1! - 2 lb/100 gal 

1i - 2 lb/100 gal 

1 tsp. /3 gal 

The Petri dishes were placed i n a germinati on cabinet and examined one 
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week after setting out. 

RESULTS 

(a) DITHANE - Germination, 18%. Seedlings 0.22 - 0.37 om. long. 

Apparently normal shoot development. Cotyledons green and normal. 

No root development. 

(b) CAFTAN 50% - Germination, 100%. . Seedlings 0.13 - 0.37 cm. long. 

Most shoots twisted and tinged brown. Many cotyledons colourless. 

No root development. 

(c) THIRAM - Germination, 100%. Seedlings 0.2 - 0.34 cm. long. 

All but three showing no colour and no further signs of development 

after testa shed. 

(d) P.C.N.B. - Germination, 94%. Seedlings 0.35 cm. av. length. 

Cotyledons green. Root elongation and root hair development apparent. 

(e) AGRAL LN - Germination, 98%. Seedlings 0.19 - 0.24 cm. long. 

Little cotyledon colouration and no root elongation or root hair devel-

opment. 

(f) CONTROL - Germination, 100%. Seedlings av. 0.71 cm. long. 

Cotyledons green. Stems tinged red. Root elongation and profuse 

root hair development apparent. 

The effect of the various treatments can be seen in Fig. 34. 

On the evidence of these tests no further attempt was made to 

control Rhizoctonia brownspot. 

LIBRARY, MA?SEY UNIVERSITY, 
.PALMERSTON NORTH, N.Z. 
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FIGURE 34: THE INFLUENCE OF FUNGICIDES ON THE GERMINATION OF L. SCOPARIUM 

a . Di thane d. P.C. N.B. 
b. Captan e . Agral 
c . Thira.m f . control 
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CONSTRUCTION AND CALIBRATION OF 
A CADMIUM SULPHIDE LIGHT METER. 

Canopy disturbance i s a major problem in measuring light 

values within short swards. 

In the experiment described in Section 13 cut grassed plots 

with no applied fertilizer seldom carried herbage exceeding a height of 

1 - 2 cm. and no cut grassed plots had foliage greater in height than 

12 - 14 cm. (Figs. 23 - 28). Inserting the probe of a light meter , 

similar to that described by Barrowman (1956), into the sward of a 

fortnightly-cut grass plot with no applied fertilizer spread the canopy 

to such an extent that the probe was completely exposed. Disturbance 

to the canopies of other cut grass treatments occurred also . The same 

problem would arise using the light meters developed by Allan and 

McCree (1955), and Giovanelli (1953). 

An investigation was made into the possibility of construct-

ing a light meter causing minimum canopy disturbance and sensitive to 

radiation in the 400 - 700 mp wavelength band. Restriction to this 

wavelength band is necessary because it is thought that most important 

photobiological processes are activated by radiation in the range 400 -

760 mp. Also Loomis (1965) showed that vegetation intercepts 80 -

75% of blue (400 - 500 n;P), 60 - 80% of green (500 - 600 mp), and 80 -

90% of red (600 - 700 mp) light, and that above 700 ny1 absorption by 

vegetation fell rapidly to about 5%, the remaining proportion being 

almost equally divided between reflection and transmission. 

Devices commonly used in measuring solar radiation were 
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discussed by Anderson (1964), Stern (1962), Geiger (1965), Gates 

(1962), and others. Briefly these devices fall into two categories: 

(a) Photometric devices consisting of semiconductors or chemical 

integrators. These have various spectral sensitivites and are 

normally calibrated in photometric units (based on the spectral 

sensitivity of the human eye). 

(b) Radiometric devices, working on a black body principle., respond­

ing equally to all incident radiation or some portion of this as 

delimited by filters. Radia tion received is measured in terms 

of energy units. 

Solar radiation reaching a plant community varies in quantity 

and spectral quality. The transmission, absorption, and reflection of 

different wavelengths of t his r adia tion by plants varies with species. 

Under these circumstances interpreting the readings of a device of 

variable sensitivity reading in photometric units is difficult. Com­

parison of the r esults of workers using different photometers would 

be confusing. However, because of their cheapness and availability, 

photometers are used. To reduce the confusion liable to arise Anderson 

(1964) stressed the importance of sta ting the spectral sensitivity of 

the instrument and the conditions under which measurements were made. 

Within the same plant community interception of light can 

differ depending on numerous factors (St ern, 1962; Anderson, 1964). 

Ideally an integr a ting recorder is necessary to record "typical" light 

values within a community. Where treatments within an experiment are 

being compared a large number of spot readings could be sufficient. 
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LIGHT METER CONSTRUCTION AND CALIBRATION 

A Phillips ORP 63 Cadmium sulphide photosemiconductor 6 x 30 mm. 

with high spectral sensitivity in the visible range, was used as the 

basis of a spot reading light meter. :Full technical data on the cell 

are available in the Phillips Semiconductor Manual 1963. 

The major disadvantage of the CdS cell was sensitivity to 

radia tion of wavelengths greater than 700 m? (radia tion transmission 

by vegetation increases greatly above this point; Loomis , 1965). 

(Fig. 35). Selective absorptance by white PVC film used to shield the 

photocell reduced this effect (Fig. 35), and subsequent tests have 

shown tha t sensitivity to light transmitted by leaves is very low 

(Table 18 ). 

TABLE 18 

RESPONSE OF CdS LIGHT METER TO RADIATION 
TRANSMITTED BY LEAVES 

Scale reading per additional leaf 
covering probe head 

No. of leaves 0 1 2 3 

Senecio petasites 6700 210 47 15 

Hibiscus sp. 6200 180 49 21 

4 

8 

11 

5 

4 

7 

Spectral absorptance of the white PVC film was determined on 

a Beckmann DU photometer (Fig. 35 and Table 19). The relative trans-

mission of the PVC film was determined over a range of wavelengths 

working either way from the maximum wavelength transmission point which 

was taken as 100. A similar procedure was adopted without the PVC 

film in place i.e. using unfiltered Tungsten filament light. The 

difference between the resultant curves, after rescaling because the 

maximum transmission of PVC did not coincide with maximum wavelength 
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radiation of unfilter Tungsten filament light, was taken as the 

absorptance of PVC film. The presence of PVC film over the photo­

cell reduced the amount of light falling on the cell to one-fifth. 

Details of the probe head construction and the positioning 

of the photocell can be seen in Fig. 37. 

The light meter circuit diagram is given in Fig. 36 and a 

picture of the completed instrument can be seen in Fig. 38. 

The CdS photosemiconductor decreases its resistance to an 

applied voltage, as the amount of light falling on the sensitive surface 

increases. This process is non-linear (Phillips Semiconductor Manual 

The photocell was set in parallel with a 0-1 milli-ammeter. 

Light falling on the photocell lowered its resistance causing more 

current to flow around the photocell loop with a consequent alteration 

in meter reading. By varying the resistance load in various parts of 

the circuit and incorporating a diode, three ranges were possible each 

occupying over two-thirds scale reflection with a total coverage of 

10,00 arbitrary units. 

A 

B 

c 

The coverage of each range was 

0 

100 

1000 -

100 

1000 

10,000 

Basic circuitry for each range was designed by Mr. E.R. 

Hodgson, Senior Lecturer in Physics, Massey University. The actual 

resistance values to give most satisfactory scale coverage were 

determined by trial and error on the light bench described below. 

Calibration was carried out in a dark room on a 3 m. light 

bench using a Phillips 250 watt P28S Tungsten filament lamp as the 
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FIGURE 35: ABSORPTION AND SENSITIVITY SPECTRA 

Green leaf absorption spectra. Loomis (1965) 
CdS photo cell sensitivity. Phillips Semiconductor Manual 1963. 
PVC film absorptance (determined on a Beckmann Photometer). 
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FIGURE 36 : CdS LIGHT METER CIRCUI T DIAGRAM 

Switches (S1, S2) are shown set for range A. 
Shifting S1 sets for r ange B. 
Shifting S1, S2 s ets for r ange C. 
750 resistance in circuit is per manent setting 

point for voltage regulator r heostate shown 
in Fig . 38 . 

light sensitive surface stee l sleeve 
white PVC window leads 
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FIGURE 37 : CdS LIGHT METER PROBE HEAD CONSTRUCTION 



FIGURE 38: CdS LIGHT METER 

Voltage supply (four heavy duty Penlite cells) housed in black 
box. Probe lead connects to socket on left. 
Setting switches to: A, A & B gives range A (low illurninance) 

B & C, A & B gives range B (medium illuminance) 
B & ~ C gives range C (high illurninance) 

Scale reads right to left. Figures at scale ends apply to nearest 
division towards the centre (except for 0 where nearest division is 
3). Reading taken by setting range switches appropriately and 
pressing push button. Voltage will influence reading. To check 
voltage set to range A, place head in darkness. Reading should 
lie to extreme right of scale . 0 - 1000 rheostat was intended 
as a voltage balance but shifting from the 750 position severely 
influences B and C scale readings. 



TABLE 19 

BECKNANN DU (200-2000 mt!) PHOTOMETER 
Di:TERMINATION OF PVC ABSORPTION SPECTRUM. 

% wavelength transmittance 

Wavelength 
mp. (a) (b) 
400 0 5.5 

450 0.5 15 

500 3.0 30 
525 4o9 39 
550 5.9 41 
575 6.2 38 
600 5.7 30 meter blue/red 
625 1.7 7.8 sensitivity change 

650 208 11 
675 4.4 15.5 
700 6.7 21.2 
725 10.0 27.8 
750 14.o 35 
775 18.5 42 
800 24.o 49 

'850 36.0 60 
900 52.5 72 
950 79.0 93 
980 100 

1000 98 98 
1010 100 
1050 89 .3 75 
1100 51.5 37 
1150 20o2 11.8 
1200 5.4 2.8 
1250 0.9 0.7 

(a) light filtered through white PVC film 

(b) unfiltered Tungsten filament light 
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light source. By variation of the distance between the light source 

and probe head the meter was calibrated in arbitrary units using the 

law: 

Illuminance = Intensit!2 (Distance 

Illuminance was taken as 10,000 units at 5 cm. from the 

light source. Error could result from the fact that the above formula 

applies to a point light source, a requirement which a Tungsten filament 

lamp may not meet over short distances. 

Calibration data are given in Table 20 and the calibration 

curves in Fig. 39. The relationship between values given by the Cds 

meter and the readings in foot candles of an Evans Electroselenium 

meter as determined on the light bench can be seen in the same figure. 

The ratio between the two sets of readings varies from three at very 

low illumination to 1.6 when the Evans meter shows an illuminance of 

1000 foot candles. Readings of afternoon sunlight by the Cds meter and 

an Eppley pyroheliometer (transformed into foot candles) correspond at 

about 2000 foot candles. 

Conversion of the log intensity scale in Fig . 39 to an 

arithmetic scale as in Fig. 4o gives some idea of the accuracy of the 

meter within each r ange. In all cases response is greatest to the 

lowest values of illuminance covered by each scale. Inaccuracies also 

arise in estimating values between the marked divisions on a log scale 

thus accuracy is probably limited to the units into which each scale 

is divided (see Fig. 38). 

The results of an angular response test are given in Fig. 41. 
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Meter performance could be improved by ensuring a constant 

voltage supply, and accuracy increased by recalibra tion using a more 

powerful light source to enable high illumina nce positions to be 

determined at a grea ter distance from the source , and a detailed 

spectral response determination for t he probe head. 

Under field conditions the meter was easy to use and gave 

satisfactory results. 
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TABLE 20 

CdS LIGHT METER C.D,LIBRATION DATA 

Readings of 0-1 milli-ammeter with distance (cm.) 
from Tungsten filament light source. 

cm. mA cm. mA cm. mA 

4 .34 16 .16 50 .25 
5 .39 18 .21 60 .31 
6 .46 20 .25 70 .36 
7 .49 22 030 80 041 
8 .53 24 034 90 .45 
9 .58 26 .40 100 .49 

10 .63 28 .43 110 .53 
11 .68 30 .49 120 .56 
12 .725 22 053 130 .59 
13 .77 34 .56 140 .62 
14 .81 36 .60 150 .65 
15 .84 38 .64 160 .67 
16 .89 4o .67 170 .69 

range change 42 .70 180 .70 
44 .74 190 .72 
46 .77 200 .74 
48 .79 210 .75 
50 .82 220 .77 

range change 230 .78 
240 .79 
250 .Bo 
260 .81 
270 082 
280 .825 
290 .835 
300 .84 

Note: A re-test gave readings within ± .005 mA. 
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