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ABSTRACT 

Hill pasture systems are inherently variable due to both environmental (e.g. 

rainfall, temperature, altitude, slope, aspect and microtopography) and 

management (e.g. stock type, stocking rate, grazing behaviour and soil fertility) 

factors. Fertiliser application and grazing pressure are the two main tools used 

for hill pasture management, as hill pastures are non-arable and the success of 

oversowing into existing pastures has been limited. One aim of pasture 

management is to increase the percentage of desirable species (e.g. L. 
perenne and T. repens) by changing composition rather than the addition of 

new species. Pasture botanical composition affects production directly through 

the productive capabilities of species present, but it is hypothesised that the 

number of species present play a role in pasture productivity and stability of hill 

pasture systems. 

A field survey and two glasshouse experiments were performed on hill pasture 

swards to identify the effects of imposed management and environmental 

factors on botanical composition. The relationship between species diversity 

and productivity was also investigated. 

Ten field survey data sets were collected from two research farms. These data 

sets reflected different management history, climate, season and time (28 year 

time lapse). Information collected for each data set included botanical 

composition, Olsen P, hill slope, standing green biomass, and species growth 

rate over a one month period. The results of the survey indicated that the same 

species were present on all sites surveyed, but the abundance of those species 

changed. For example, L. perenne, A. capillaris and T. repens were most 

abundant on the high fertility sites, A. capillaris was the dominant species on 

the low fertility sites, flatweeds were more abundant on the dry sites, and 

Muscii spp. were more abundant in spring than summer. There was no direct 

relationship between species diversity and pasture production, but factors such 
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as hill slope, fertility and season appeared to play a role in a more complex, 

undefined relationship between species diversity and productivity. 

The first glasshouse experiment involved the application of two simulated 

management factors (i.e. defoliation height and treading) to hill pasture turves. 

The turves were removed from three hill country farmlets that had different 

management conditions imposed on them for 20 years. The abundance of A. 

capillaris, L. perenne, A. odoratum, Poa spp. and T. repens increased with the 

tall defoliation height, which was a positive effect, as was the increase in 

abundance of T. repens with treading. L. perenne and H. lanatus abundance 

decreased whilst treading was occurring, which was a negative effect. 

The second glasshouse experiment involved the application of a simulated 

environmental factor (Le. moisture deficit and excess moisture) and its 

interaction with a management factor (Le. treading) on the same turves. The 

abundance of H. lanatus, Poa spp., T. repens and other legumes decreased 

under the moisture deficit treatment. L. perenne abundance was unaffected. 

The abundance of C. cristatus, A. odoratum, F. rubra and L. perenne 

decreased under the excess moisture treatment, all others increased. 

T. repens abundance was increased with a combination of treading and excess 

moisture. 

Functional groups were developed as part of the objectives of this research 

programme, to simplify the system being studied. In response to the 

management and environmental factors applied to the turves, the functional 

groups were described as being increasers, decreasers or static. The results of 

the turves experiments were used to validate the definition of the functional 

groups. For example, the high fertility responsive grass functional group was 

more abundant on the high fertility turves and L. perenne, which is also 

responsive to high fertility conditions, was found to be in a functional group of 

its own because of its ability to recover from treading. A. capillaris, which like 

low fertility tolerant grasses was abundant on low fertility sites, was separated 
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into a group of its own because of its great abundance and dominance of the 

sward. 

No definitive relationship between species diversity, production and stability of 

production was observed in the turves experiments. That A. capillaris was 

particularly dominant in all swards may have significantly influenced the 

relationship. As with the field survey, however, all species were observed on all 

turves, and just the abundance of those species changed. 

The results of this experimental work showed that pasture composition can be 

altered to a more desirable (leafy green with legumes and adapted to the 

environment in which they are occurring) form with the use of management 

factors such as fertiliser application, defoliation height and treading. That 

composition was changed without a change in the number of species present, 

suggested that such composition changes are reversible. The work also 

highlighted the importance of an environmental factor, that cannot be controlled 

by land managers (Le. soil moisture), and its interaction with management 

practices in maintaining a desirable and stable pasture composition. 
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" Real generosity towards the future lies in 
giving all to the present." 

Albert Camus (1 9 13-60), French-Algerian phi losopher, author. 
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Chapter 1 1 

1. Introduction and Objectives 

1 . 1 Introduction 

With the enactment of the Resource Management Act in  New Zealand, and the 

need for farmers to become more efficient to maintain economic viabil ity, there 

has been an increasing interest in recent years in the concept of susta inable 

agricu lture. This is an issue of particular importance to hi l l  farmers in New 

Zealand , as the land resource being used is particularly susceptible to 

degradation , has l imited agricu ltural use (pastures or trees) and markets and 

prices for products are cycl ic. 

The term sustainabil ity has no fixed defin it ion (Pretty, 1 994), but it is widely 

accepted that sustainable land use has ecological ,  social and economic 

components . Blesing ( 1 992) described susta inabi l ity as the capacity of a land 

use system to maintain net productivity of biomass over a time frame of 

decades or centuries. Schaller ( 1 990) described a sustainable system as one 

that over the long term enhances environmental qual ity and the resource base 

on which agriculture depends, provides for basic food and fibre, is economically 

viable, and enhances the qual ity of l ife for farmers and society as a whole. Not 

only does th is defin ition recognize the need to conserve the natural resource 

base, but to also improve it for future generations. It also emphasizes the 

importance of several components including productivity (plant and an imal) ,  

ecological stabil ity and economic viabi l ity (M ichalk and Kemp, 1 994).  I kerd 

( 1 990) stated that although ecologically sustainable management practices 

might confl ict with short term economic sustainabi l ity, long term economic 

performance must be related to conservation of the resource base. 

Resil ience, resistance to damage through natural environmental cycles (e.g .  

d rought), flexibil ity, robustness, stabi l ity, endurance and abi l ity to  cope with 

change are all useful concepts in understanding agricultural sustainabi l ity 
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(Blesing, 1 992). I n  assessing whether a farming system, such as a North 

I sland hil l  pasture system, i s  sustainable or not, a key issue is the rate of 

change for components, rather than the value for components at one point in 

t ime (Micha lk  and Kemp, 1 994) .  This leads into the concept of stabil ity, and in 

agricu ltura l  systems, particularly  pastoral systems, the rate of change i n  soi l ,  

plant and an imal parameters. Some parameters are more usefu l than others in 

ind icating the sustainabi l ity of a system.  Commonly used measures relate to 

animal performance (e.g .  an imal l iveweight), but this was considered a poor 

measure (Michalk and Kemp, 1 994) as animals can act as a buffer to soi l  and 

pasture changes through processes such as selective grazing.  Pasture 

production may a lso be used as an ind icator of stabil ity, though this is 

inherently variable both within and between years. A more sensitive measure 

of change could be pasture com position and pasture demograph ics. The rate 

of change of pasture composition and the d i rection of change may be u seful 

ind icators of pasture stabil ity, which would in turn affect whole system 

sustainabi l ity. Lambert et al. ( 1 996) identified pasture botanical composition 

(particularly content of h igh fertil ity responsive grasses and weeds) as being a 

good indicator of North I sland h i l l  pastoral farming sustainabi l ity. There has not 

been a study, however, of the role of species d iversity in pasture stabil ity and 

production in  the plant commun ities that support North Island New Zealand hil l  

pastoral systems. 

1 .2 Objectives 

Consequently, the objectives of this thesis were to: 

• Survey the botanical composition of typical North I sland h i l l  pasture and 

identify how this  composition changes under d ifferent environmental and 

management conditions in the field , so that optimal management practices 

can be implemented to achieve a desired pasture composition .  

• Identify the relationship between pasture species d iversity and productivity 

in a North Island , New Zealand hil l  pasture to identify if more d iverse 

pastures are more productive. 
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• Identify functional groups in a North Is land , New Zealand hil l  pasture as an 

a id  to  management by simpl ifying the hi l l  pasture ecosystem. 

• Under controlled g lasshouse conditions identify the effects of imposed 

management conditions on the botanical composition and production of a 

North I sland , New Zealand hil l  pasture so that improvements in pasture 

botanical composition (by increasing leafy g reen grass and legume content) 

can be achieved . 

• I dentify the effects of an environmental stress ( i .e .  moisture stress) and its 

interaction with a management stress ( i .e .  treading) ,  on botan ical 

composition and production of a North Is land,  New Zealand hil l  pasture so 

that undesirable changes in botan ical composition (e .g .  increased dead 

matter, f1atweeds and other species content) can be avoided . 

Figure 1 . 1 An i l lustration of a sustainable and unsustainable pasture 
system under the influence of a perturbation. 
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2.  Review of h i l l  pastu re biodiversity 

2.1  H i l l  country pastoral farming 

In New Zealand hi l l  pastures account for approximately 5 mil l ion hectares of the 

1 4  mi l l ion hectares in pasture (White, 1 994).  H i l l  pastures are those that were 

surface-sown on unploughable h i l l  country that orig inal ly grew podocarp 

rainforest, fern or scrub, and occur mainly in  the North I sland of New Zealand 

(White, 1 994). These pastures account for nearly one th ird of the export 

earn ings  derived from agriculture (agriculture comprises 60 - 70% of total 

export earn ings), hence are an important resource for the New Zealand 

economy (Tru strum et al. 1 983). 

Most hi l l  pastures were developed from native forest and scrub in the late 

1 800's (Levy, 1 955). A technique of clear fel l ing, burn ing and oversowing with 

i ntroduced pasture species such as browntop (Agrostis capil/aris), chewings 

fescue (Festuca rubra) ,  danthonia (Rytidosperma spp.), crested dogstail 

(Cynosurus cristatus) and white clover (Trifolium repens) (H i lgendorf, 1 936), 

was used to establ ish pastures, wh ich were subsequently stocked with sheep 

and cattle. Often these pastures reverted back to native scrub and fern due to 

an incorrect mix of stock and stocking rates, which when implemented correctly 

wou ld promote pasture g rowth over native scrub species (Levy, 1 955). U p  until 

the 1 950's, hil l pastoral farming was primari ly concerned with maintaining these 

i ntroduced pasture species at existing levels  of ferti l ity, wh ich were often low 

(White , 1 994). There were very few legumes in these pastures and 

improvement of soi l  ferti l ity through  n itrogen fixation was minimal . 

I mprovement of h i l l  pastures occurred with the advent of aerial top dressing in 

the 1 940's, when superphosphate and l ime were commonly applied (White, 

1 994). The combination of superphosphate appl ication and oversowing legume 

seed resulted in vastly improved pastures. The superphosphate ferti l izer 

stimu lated legume growth, which in turn fixed atmospheric n itrogen , which 
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encouraged grass growth. This improvement of hil l  pastures meant a shift from 

low feed qua l ity species l i ke chewings fescue and danthon ia,  to more desirable 

species such as perennial  ryegrass (Lolium perenne) .  Browntop continued to 

sign ificantly contribute to pasture composition . 

Prices paid for products (wool and sheep meat) produced on hil l  country farms, 

a re often variable and cycl ic. Though inputs for production (such as ferti l iser) 

are relatively low compared to a dairy farm, for example, they are sti l l  vital for 

retain ing a productive pasture and for preventing reversion to native scrub. The 

cost of these inputs remains the same regardless of the prices being paid for 

p roducts and this may result in the economic viabi l ity of some hil l  farms being 

compromised . 

D ifferent aspects (e.g .  pasture management) of hil l  pastoral farming need to be 

examined to improve their economic and ecolog ical viabi l ity in  the long term. 

The changes in  the composition of pastures under d ifferent environmental and 

management cond itions may result in improved pasture production. Also, the 

role that pasture species diversity plays in the long term production of pastures 

is unclear. I mprovements in pasture qual ity and production may be achieved , 

at low cost through changes in management, by developing a more d esirable 

pasture composition .  

H il l  pastu res are extremely d iverse, compared to other pastoral farming 

systems in New Zealand , both on a s ingle farm or even a hil l paddock scale 

(Chapman and Macfarlane, 1 985; Scott et al. 1 985). This d ivers ity is caused by 

both environmental factors such as rainfa l l ,  temperature ,  soil moisture,  a ltitude, 

slope, aspect and microtopography, and management factors such as  stock 

type, stocking rate, g razing behaviour and soil ferti l ity . 

It is very d ifficult to maintain a homogenous pasture composition over an  entire 

hil l  farm because of the factors described above . It could be achieved , but the 

i nputs requ i red to do so would be prohibitively expensive, and the costs 



Chapter 2 6 

associated with such an action would be un likely to be offset by profitable 

increases in production .  Pasture composition is dependent on the 

environmental and management cond itions imposed on it. As land managers 

have no control over the environment, changes in management and 

control lable inputs are a useful way to alter pasture composition from one state 

to another. The d i rect costs of implementing a composition change and the 

long term costs of maintaining it, i n  terms of the inputs required , need to be 

considered to be su re that these costs are offset by increased production.  

2.2 Botanical composition of hi l l  pastures 

The composition of hi l l  land pastures is d iverse compared to lowland pastoral 

systems in New Zealand (Matthew et al. 1 988). Lambert et al. ( 1 986a) 

identified a pproximately 20 species in a survey of a North I sland, New Zealand 

hi l l  pasture .  Some species typical of these pastures were grasses such as 

Lolium perenne, Agrostis capillaris, Anthoxanthum odoratum, Cynosurus 

cristatus, Ho/cus lanatus, Poa spp., Festuca rubra, Rytidosperma spp. , legumes 

such as Trifolium repens, Trifolium dubium, and Lotus pedunculatus and other 

species such as flatweeds (e.g .  Plantago lanceolata, Hypochaeris radicata and 

Leontodon taraxacoides), Centel/a uniflora , Nertera setulosa and Muscii spp. 

(Lambert et al. 1 986a) .  This d iversity is brought about through both 

management of the pasture and the wide variety of environmental cond itions 

present on most hil l  farms. 

Management factors that affect species composition include stock type,  grazing 

regime, defol iation intensity, stock treading i ntensity and pasture improvement 

techn iques such as fertil ization and oversowing. In a pasture composition 

survey of low fert i l ity hil l  pasture in the North Island (Grant and Brock, 1 974), 

topography was found to have the g reatest i nfluence on pasture composition . 

Topography had largely determined composition because of its influence on 

stock management, an imal behavior and nutrient transfer. Composition 

d ifferences caused by soi l  type were not great, except where they appeared to 

be related to soi l  moisture characteristics (Grant and Brock, 1 974).  I n  another 
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hil l  pasture survey (Lambert et al. 1 986a), ferti l iser appl ication, g razing reg ime 

(sheep or cattle,  rotation al ly grazed or set stocked ), slope and a spect were al l  

identified as influencing pasture composition .  

Pasture botan ical composition itself can affect the pastoral agricu ltural  system 

in many ways. It can d irectly influence farm production through feed ing value of 

herbage, seasonal ity of herbage accumulation and rate of herbage 

accumulation (Lambert et al. 1 986a). Some species, particularly legumes and 

g rasses such as L. perenne, have a higher feed ing value than other species 

such as Rytidosperma spp . ,  Muscii spp. and flatweeds. The abundance of the 

more desirable species i n  the sward wil l sign ificantly influence the feed ing value 

of the pasture (Ulyatt, 1 978). The seasonal ity of individual species wi l l  a lso 

a ffect production. A .  capillaris is  winter inactive, resu lting in  decreased g rowth 

i n  the winter months. The abundance of this species in the sward in winter wil l  

have a large influence on herbage production . Species composition needs to 

be balanced so that peaks of production of ind ividual species are spread 

throughout the year, ensuring a more even feed supply. Herbage accumulation 

rate can be a ffected by pasture botan ical composition in several ways. Some 

species such as L. perenne and other grass species have a faster growth rate 

than species such as T. repens. Therefore,  the abundance of these types of 

species i n  the sward wil l  determine total herbage accumulation rate. The 

susceptibil ity of some species to defoliation and tread ing damage, and the 

a bundance of these species in the sward wil l affect herbage accumulation rate. 

The tolerance of species to environmental perturbations such as periods of 

water stress, and the ratio of tolerant to intolerant species in the sward (Kemp 

et al. 1 997) ,  wi l l  also affect herbage accumulation rate. 

Pasture botan ical composition has an influence on other non-production related 

factors in hill pastures. For example, the abundance of legumes in the sward 

wi l l  determine the amount of n itrogen fixation that occurs. Soil stabi l ity on hi l l  

sides may be affected by the ratio of deeper rooting plants (e .g .  grasses) to 

shal lower rooting ones (e.g. moss). A sward consisting of species that a re 
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more resistant to treading wi l l  be less l ikely to be an open sward wh ich may be 

susceptib le to soil loss through surface runoff, and weed invasion . There are 

other processes such as the relationsh ip  between pastures and soi l  fauna ,  that 

pasture botanical composition may have a role in, and that may be beneficial 

for hi l l  pastures. There may be other relationships l ike this in which pasture 

botan ical composition has a role ,  but th is role is unknown. It i s  apparent 

however that all the functions of botan ical composition are contributed by a 

d iverse range of species. Whi le the roles of some species are known, the roles 

of others (e.g. C. uniflora and N. setulosa) are unknown, but may be important 

for sustainable hi l l  pasture production . 

2.3 Biodiversity 

The contribution of b iodiversity to h i l l  pasture farming systems is relatively 

unknown . Biod iversity can be defined at three levels, genetic d iversity within 

individua ls, species d iversity and ecological or commun ity d iversity (West, 

1 993). West ( 1 993) described biod iversity simply as the variety of l ife and its 

processes, includ ing the variety of l iving organisms, the genetic d ifferences 

among them, the communities, ecosystems and landscapes in which they 

occur, p lu s  the interactions of these components. This study of h i l l  pastu res 

deals with d iversity at the species level .  This encompasses the number of 

species present and is influenced by resource avai labi l ity and d isturbance. 

Wayne and Bazzaz ( 1 99 1 ) identified the problems associated with the un it of 

species as a measu re of d iversity, such as plant taxa being general ly unrel iable 

un its for quantifying the ecological d iversity perceived and uti l ized by most 

organisms in communities. Species d iversity however is commonly used 

(Magurran ,  1 988) . 

. B iodiversity is regarded as being important in  ecosystems for four main reasons 

(West,  1 993).  The first is moral ity, as many humans bel ieve they have a moral 

obl igation to preserve other species. The strength of this reason for preserving 

biod iversity depends on an ind ividuals rel igious and phi losophical orientation . 

The second reason is  aesthetics. Humans derive pleasure from being able to 
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observe a wide variety of natural  organisms and ecosystems. The third reason 

is economic. Direct benefits of biod ivers ity include provision of a wide range of 

foods, med icinal products, fuels and bui lding materials. There a re many more 

species present in  nature ,  besides those currently being used by humans, that 
. 

may have potential use in the future. The fou rth reason is the array of essential 

services provided by ecosystems such as nutrient cycl ing,  gaseous exchange, 

decomposition and waste d isposal .  No s ingle species carries out each of these 

services, and it is unknown exactly which combination of species results in the 

best provision of these services . Loss of d iversity therefore may result in  loss 

of some of these services.  

2.4 Biodiversity, production and stabil ity 

There are four prevail ing hypotheses regarding the relationship between 

biodiversity, production and stabi l ity in ecosystems (Johnson et al. 1 996) .  

These are the Diversity-Stabi l ity hypothesis (MacArthur, 1 955) ,  the Rivet 

Popper hypothesis (Ehrlich and Ehrl ich, 1 98 1 ), the Redundancy hypothesis 

(Walker, 1 992) and the Id iosyncratic hypothesis (Lawton ,  1 994) (Figure 2 . 1 ) .  

The Diversity-Stabil ity hypothesis (MacArthur, 1 955) defined stabi l ity as the 

tempora l  constancy of population numbers. I n  the other three hypotheses, 

stabi l ity is defined in terms of the abi l ity of a community to resist change in its 

abi l ity to maintain ecosystem function (resistance) and to recover to normal 

levels of function after d isturbance (resi l ience) (Johnson et al. 1 996). Pimm 

( 1 984) provides further defin ition of the term stabil ity. 

The Diversity-Stabi l ity hypothesis (MacArthur, 1 955) postu lated that increasing 

the number of trophically i nteracting species in an ecosystem should increase 

the col lective abi l ity of member populations to maintain their abundance after 

d isturbance. The Rivet Popper hypothesis (Ehrl ich and Ehrlich, 1 98 1 ) 

suggested that ecosystem resistance can decline as species are deleted , even 

if the system's performance appears outwardly unaffected , resulting in  sudden 

catastrophic col lapse of the system. In this situation, resistance i s  described as 

the abi l ity of the system to absorb changes in abundance of some species 
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without d rastically changing ecosystem performance ,  such as biomass 

production (MacGil l ivray and G rime, 1 995) .  Ehrl ich and Ehrlich ( 1 981 ) l ikened 

ecosystems to aeroplanes. The removal of a dozen rivets (or species) from an 

aeroplane (ecosystem) may have no effect on the planes performance, but the 

plane is inherently weakened . The removal of a thirteenth rivet (or species) 

from a wing flap (or vital ecosystem process), may result in a col lapse of the 

aeroplane (ecosystem). The Redundancy hypothesis (Walker, 1 992) states 

that some species may be expendable from an ecosystem as long as  an 

existing species can take the place of the extinct species in the community. 

The Id iosyncratic hypothesis  (Lawton, 1 994) states that there may be no 

pattern, or an indeterminate relationship between species d iversity and 

ecosystem function. 
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Figure 2 .1  Hypotheses for the functional role of species diversity in 
ecosystems, (a) Diversity-Stabil ity hypothesis, (b) Rivet popper 
hypothesis, (c) Redundancy hypothesis and (d) Idiosyncratic 
hypothesis. Figure adapted from Johnson et al. (1 996). 
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Al l four  hypotheses are phylogenetical ly related . Walker ( 1 992) used 

MacArthur's  ( 1 955) Diversity-Stabi l ity hypothesis in the development of the 

Redu ndancy hypothesis, Lawton used the Rivet, Redundancy and Id iosyncratic 

hypotheses together to add ress the rate of ecosystem processes (Johnson et 

al. 1 996), and Tilman and Downing (1 994) stated that the Redundancy 

hypothesis was an a lternative to the Diversity-Stabil ity hypothesis. 

Many experiments have been carried out to investigate the relationsh ip  

between b iod iversity, production and  stabil ity (McNaughton ,  1 994; Naeem et al. 

1 994; Ti lman and Downing,  1 994; Vitousek and Hooper, 1 994) .  Support for 

species d iversity being essential for mainta in ing ecosystem function ,  has come 

from experiments in a controlled laboratory environment called the Ecotron 

(Kare iva, 1 994; Naeem et al. 1 994) and from plant community responses i n  

field experiments conducted in both natural  grasslands or simulated mixes of 

natura l  grasslands (McNaughton ,  1 977; Frank and McNaughton, 1 99 1  ; 

McNaughton,  1 994; Dodd et al. 1 995; Si lvertown et al. 1 994; Ti lman and 

Downing, 1 994; Tilman , Wed in and Knops, 1 996). A summary of the results of 

these experiments are presented (Table 2 . 1 ). 

I n  Ti lman's (Ti lman and Downing , 1 994) early experiment, biomass and species 

d iversity were negatively associated , but in  a later experiment (Tilman,  Wedin 

and Knops, 1 996), there was a positive association between biomass 

production and species d iversity. Naeem et al. ( 1 994) a lso identified a positive 

relationsh ip between biomass production and species d iversity. I n  experiments 

carried out by Dodd et al. ( 1 995), McNaughton (1 994) and Si lvertown et al. 

( 1 994), there was a negative relationship between biomass production and 

species d iversity. The relationsh ip  between d iversity and stabil ity a lso varied in 

the experiments mentioned,  though more showed a positive relationsh ip  

between d iversity and  stabil ity. 
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Table 2 .1  Summary of selected divers ity/ecosystem function studies in 
grasslands. (+) indicates a positive relationship, (-) indicates a negative 
relationship and NA indicates not assessed. Table adapted from Johnson 
et al. 1 996.  

Author Ecosystem Diversity/Productivity Diversity/Stabil ity 
relationship relationship 

McNaughton, California annual plants (- ) plants (-) 
1 993 grassland 

McNaughton, New York Old plants (- ) plants (+) 
1 993 fields 

McNaughton, Serengeti NA plants (+) 
1 977 

Frank and Yellowstone NA plants (+) 
McNaughton, grasslands 
1 991 

Dodd et al. 1 994 British plants (-) plants (-) (Silvertown et al) 

and Silvertown et grasslands plants (+) (Silvertown et al 

al. 1 994 and Dodd et al) 

Tilman and Minnesota plants (-) (Tilman and plants (+) (Tilman and 

Downing, 1 994 grasslands Down ing) Downing) 
and Tilman, plants (+) (Tilman, Wedin NA (Tilman, Wedin and 
Wedin and and Knops) Knops) 
Knops, 1 994 

Naeem et al. Ecotron plants (+) NA 
1 994 

Why these experiments exh ibit such a range of contradictory results is 

unknown . It is possible that species interact d ifferently under d ifferent 

environmental (in the case of natural ecosystems) and management cond itions 

(in the case of developed pastures). These relationsh ips have not been 

defined in h i l l  pasture ecosystems. New Zealand h il l  pastures are "man-made", 

but have adapted over time to become natural ised . Therefore, they are 

d ifferent from most other natural grassland systems in wh ich the relationsh ip 

between d iversity and productivity has been stud ied , making this research 

unique. The contradictory resu lts from other research (Table 2 . 1 )  suggest that 

the relationship between species d iversity, stabi l ity and productivity is 

particularly complex . Regardless of whether these relationships do exist, and 
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what they might be, the importance of other non-productivity related benefits of 

biod iversity previously mentioned remains. 

2.5 Functional Groups 

It is d ifficult to pred ict the response of vegetation to environmental or 

management changes because of the complexity of interactions between plants 

and their environment (Korner, 1 994). S impl ification of these complex systems, 

to g roups of species with similar functions in the system is requ i red , hence 

reducing the total number of components being stud ied . Functional groups 

therefore can be defined as sets of plants exhibiting similar responses to 

environmental cond itions and having similar effects on dominant ecosystem 

processes (Walker, 1 992). 

Functional groups can be formed at any level of organization and for any 

function . As the aim of functional g roups is to simpl ify the system,  the level of 

organ ization chosen, needs to be a balance between ecolog ical appl icabi l ity 

and experimental "safety". By using functional groups rather than ind ividual 

species, some degree of "control" of experimental cond itions is lost, but th is  

needs to�ccePted i f  functional grou ps are to be usefu l (Korner, 1 994).  

�Q 
There are many d ifferent ways of g rouping species into functional g roups 

(Grime, 1 974; Whittaker, 1 975; Smith and Huston,  1 989;  Korner, 1 994 ; Solbrig ,  

1 994; Chapin e t  al. 1 996; and Diaz and Marcelo, 1 997) .  Choosing functiona l  

groups is a subjective process (Korner, 1 994) .  The experimenter must decide 

at which level of organization to form the functional g roups and what grouping 

criteria to use.  The same col lection of individual species may be classified i nto 

quite d ifferent functional g roups depending on the researchers objectives and 

the g rouping criteria used . 

I n  terms of the relationship between species d iversity, stabi l ity and productivity, 

it has been postu lated (Holmes, 1 998) that species rich plots may produce 

more and be more stable,  not because of the number of species in itself, but 
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because they contain representatives of key functional groups. This leads to 

the hypothesis that functional g roup richness rather than individual species 

richness is more important for ecosystem function .  Tilman et al. ( 1 997) fou nd 

that plots containing three functional groups were more productive than those 

containing two functional groups. Plots containing add itional species in each 

functional group d id better sti l l ,  but the gain was minor compared to that of 

adding an additional functional g roup (Holmes, 1 998). Similarly, Vitousek and 

Hooper ( 1 994) found that the functional groups present, strongly determined 

productivity. Which functional g roups were present was found to be more 

important than the number of functional groups. 

Very few vegetative stud ies carried out in New Zealand have involved the use 

of functional groups (Campbell et al. 1 996; Wardle et al. 1 997) and none have 

dealt with the role of functional groups or techniques for defin ing them in hi l l  

pastu re systems. Because of the steep nature of hi l l  pastures, they are unable 

to be improved by conventional methods such as mechanical ti l lage and re­

sowing . Other techniques must be used to maintain pasture productivity at a 

sustainable level because hil l  pastures are such a major contributor to the New 

Zealand economy. A greater understand ing of hi l l  pasture community 

dynamics, with the use of such tools as functional groups, wil l enable 

opportunities for pasture improvement using management techniques such as 

ferti l iser appl ication and grazing , to be identified . 
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3 .  Biodiversity of New Zealand Hi l l  Pastures 

3.1  Introduction 

Biod iversity can be defined at three levels. The fi rst level is genetic d iversity 

with in species , which contributes both to short term success of individuals and 

populations by enhancing fitness and to species' long term capacity for 

adapting to envi ronment change. The second level is species d iversity which 

deals with the number of species present and which is influenced by resource 

availabi l ity and d isturbance. The third level is ecological or community d iversity 

which can be infl uenced by human activity, resource status and d isturbance. 

This study deals specifical ly with the second level of diversity, that of the 

d iversity of plant species contributing directly to biomass of North Island , New 

Zealand hi l l  pastures. Other species (e .g .  trees and soil fauna) do play an 

important role in the h il l  pasture ecosystem (Lambert et al. 1 996), but were 

beyond the scope of this hi l l  pasture survey. The term species richness is used 

to describe the diversity of species, and in this study refers to the number of 

pasture species present. Other indices of d iversity (e.g .  Shannon's d iversity 

index), take into account the abundance of species as well as their presence. 

There are three reasons why the maintenance of biod iversity is thought to be 

important both in natural ecosystems and agricultural systems (Ehrl ich and 

Wilson,  1 991 ) .  The first is for ethical and aesthetic reasons. Some bel ieve that 

farmers shou ld be responsible for the stewardship of the land they farm, the 

preservation of organisms on the land and the visual appearance of the land to 

others in the community. The second reason is for d irect economic benefits . 

There is potential for economic benefits from the manipulation of species 

d iversity in New Zealand hill pastures to improve production and to reduce 

costs by minimising fluctuations in production . Thirdly, there are a range of 

essential services provided by plant ecosystems in which a d iverse range of 

species take part (e.g .  generation and maintenance of soils and maintenance of 

atmospheric composition) and it is difficult to quantify these benefits. These are 
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al l  factors wh ich h ighlight the potential importance of studying biodiversity in 

New Zealand agriculture, particularly h il l  pastures. 

Hi l l  pastures are an ecological system of importance to New Zealand 

agriculture in which the role of biod iversity is unknown. Bal lantrae H il l  

Research Station is  typical of how these pastures (based on exotic species) 

were established in New Zealand , and g ives an ind ication of the relative 

d iversity of hi l l  pasture composition compared to other pastoral systems in New 

Zealand . Ballantrae Hil l  Research Station was orig inally podocarp forest which 

was cut and burnt in the 1 890's. In  the 1 930's secondary growth was cleared , 

and the land intensively subdivided and stocked . I n  the 1 940's the land was re­

cleared (to remove reverted secondary growth) and was oversown and 

topd ressed with superphosphate (Grant and Brock, 1 974). A typical 

oversowing mix for hil l pastures included perennial ryegrass (Lolium perenne) ,  

white clover (Trifolium repens), browntop (Agrostis capillaris) ,  crested dogstai l  

(Cynosurus cristatus), chewings fescue (Festuca rubra) and danthonia 

(Rytidosperma spp. )  (H ilgendorf, 1 936). In addition to this, seed dispersed by 

wind , b irds ,  stock, hay and resident native species contributed to species in  the 

pastu re. 

North Island hi l l  pastures in general are intermed iate in the continuum between 

low (e.g .  South Island native tussock g rassland) and high (e.g . dairy pastures) 

rates of inputs . The botanical composition of hi l l  pastures is typical ly more 

complex than those of lowland pastures (e.g .  approximately 20 species at 

Ballantrae (Lambert et al. 1 986a) compared with approximately 1 0  on a sheep 

grazed lowland pasture near Palmerston North (Matthew et al. 1 988». There 

are many factors contributing to these d ifferences in species richness, including 

environmental factors such as topography, cl imate , soi ls, pests and d iseases , 

and management factors such as species sown, ferti l iser applied and g razing 

management imposed . I n  lowland pastures , most of these factors can be 

contro l led to the extent that a un iform pasture is produced , with a managed mix 

of relatively few species coexisting together in the sward . I n  h i l l  pastures ,  
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however, the effects of very variable topography, micro-climate and patchiness 

of g razing, resu lt in a heterogeneous pasture with many d ifferent niches in 

which species are requ ired to survive . Therefore, h i l l  pasture species richness 

may be important to maintain production in a wide range of micro­

environments. It is not known how many species are needed to maintain 

production on al l these microsites, or whether there is some degree of 

redundancy (Lawton , 1 994). This study sets out to clarify some of the 

questions about the role of biodiversity in hill pastures. 

Research has shown that in some ecosystems (Naeem et al. 1 996), increased 

plant species richness resulted in increased production and in smaller 

fluctuations in production. There are perhaps potentia l  production 

improvements to be made from a better understanding of this relationship in 

New Zealand hi l l  pastu res. Because of the relatively low cost structure of h i l l  

farming systems (compared to h igh input dairy farming systems for example), 

any improvements in production and the continuity of production that could be 

achieved without increased physical inputs (e.g .  fertiliser), but through 

management changes that alter pasture composition ,  could be of economic 

benefit. Fothergi l l  et al. ( 1 994) were able to induce large changes in pasture 

composition of upland British pastures with in one growing season by altering 

grazing management and inputs . At this stage it is unknown whether hi l l  

pastures are meeting their fu l l  production potential from the pasture 

composition that is present. 

3.2 Materials and Methods 

3.2 .1  Sites 

T en data sets were col lected from six sites for this experiment. Two data sets 

were col lected in 1 968-69 and the remaining eight based on measurements 

taken between 1 996 and 1 998 (Table 3 . 1 ) . The number of samples taken in  

each data set varied depending on site cond itions. 



Chapter 3 24 

The two sites from which the 1 968-69 data were collected were located on 

Bal lantrae Hi l l  Research Station, a low fertil ity North Island hi l l  country farm 

situated near Woodvil le, New Zealand . The soil at the fi rst s ite, LM Ballantrae, 

comprised Ngamoka si lt loam derived from loess and sandy silt stone. The 

area was predominantly sheep grazed . The second site, LM Morgans, 

comprised Mangamaku steepland soi l derived from si lty sandstone, and was 

grazed predominantly by cattle .  

Three of the remain ing sites were a lso located at the AgResearch Hi l l  Country 

Research Station, Bal lantrae. Soils are yellow brown earths and related 

steepland soils formed from tertiary sed iments and sed imentary drift material .  

Part of this research station has been d ivided up into four 7ha farmlets, each 

having had different management regimes for the last 23 years. Three of these 

four farmlets were used in this experiment, and were called Low/Moist (LM) ,  

Med ium/Moist (MM) and High/Moist (HM), with the first part of the name 

indicating general level of fertil ity and the second part the type of summer 

rainfal l , in this case, summer moist. These farmlets were establ ished in 1 973 

and,  prior to that, very l ittle fertiliser had been applied . From 1 973 through until 

1 993 the Low/Moist farmlet had 1 250 kg/ha superphosphate applied , the 

Medium/Moist farmlet had 4000 kg/ha superphosphate appl ied and the 

H igh/Moist farmlet had 8875 kg/ha superphosphate applied (Lambert et al. 

1 996). The Medium/Moist site (surveyed in 1 996-97) was relocated on the 

identical plots as for the LM Ballantrae site (surveyed 28 years earl ier, in 1 968-

69). 

The last of the six sites was located on the Massey University Riverside Farm 

which is situated in  the foothi l ls of the Tararua ranges on the Opaki Plains, 1 5  

km north-west of Masterton. This site was termed Low/Dry (LD) ind icating that 

it was low fertil ity and summer dry. Though the average rainfall at Riverside 

was similar to that at Ballantrae, it was extremely variable from year to year 

( Hobson,  1 996) and unevenly distributed within years. 



Site Name 

H M  spring 
HM summer 
MM spring 
MM summer 
LM spring 
LM summer 
LD spring 
LD summer 
LM Ballantrae 
LM Morgans 

Year 
Surveyed 

1 996 
1 997 
1 996 
1 997 
1 996 
1 997 
1 997 
1 998 
1 968 
1 968 

Average Average 
Olsen P h ill slope 
(mgP/g (degrees) 

soil) 
64 27 
64 27 
24 24 
24 24 
2 1  26 
2 1  26 
1 6  27 
1 6  27 

2 24 
3 29 

Average Average Site location 

stocking summer 
rate rainfall 

(su/ha) (mm/3months) 

1 4.8 368 Southern Hawkes Bay 

1 4.8 368 Southern Hawkes Bay 

1 3.8 368 Southern Hawkes Bay 

1 3 .8 368 Southern Hawkes Bay 

8.3 368 Southern Hawkes Bay 

8.3 368 Southern Hawkes Bay 

1 0  254 Wairarapa 

1 0  254 Wairarapa 

5 368 Southern Hawkes Bay 

5 368 Southern Hawkes Bay 
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3.2. 1. 1 1968-69 Data 

The measurements on the LM Ballantrae and LM Morgans sites were carried 

out in spring and summer 1 968-69. The two sites were approximately 20 m2 

and with in each were 200 randomly placed microsites. I n  late September 1 968 

slope and Olsen P were measured at each of these microsites. Also, at each of 

the 200 microsites, 20,  5 cm d iameter turf plugs were taken from which the 

percentage cover of each species present was calculated on a til ler basis. I n  

November 1 968 , 4 0  of the 200 microsites (which included a ful l  range of hi l l  

slopes) were used to calculate species growth rate. A 0.04 m2 quadrat cut to 

ground level ,  was taken at each of the 40 microsites. For each of these 

microsites an adjacent area with a similar pasture composition and biomass 

was then selected and a grazing exclusion cage placed over it until early 

January 1 969, when it was cut to ground level and the herbage collected . The 

species composition data collected from the microsites were then used to 

determine the growth rate of individual species over that period . 
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3.2. 1.2 1 996-97 and 1 99 7-98 Data 

The LM, MM and HM sites were measured in September-October 1 996 and in 

January-February 1 997. At both the LM and HM sites, two areas of 1 0 m2 were 

chosen and 1 0  microsites within each randomly placed . At the Medium/Moist 

site , the exact 40 microsites used for the growth rate calcu lations in the 1 968 

LM Bal lantrae survey were used . The exact microsites were re-identified using 

photograph ic and slope records .  An area 20 m2 was fenced to exclude grazing . 

A 0. 1 1  m2 quad rat was cut to ground level at each of the microsites and the 

herbage was dissected and dried to determine the percentage composition and 

yield of individual species. Slope and Olsen P were measured at each 

microsite. An adjacent area at each microsite with simi lar composition and 

biomass to that cut for d issection was then selected and tagged with painted 

nai ls. Grazing an imals were excluded from the site with a netting fence for a 

period of one month . Approximately one month later, these tagged areas at the 

microsites were re-identified , the herbage cut to ground level and total dry 

matter calculated . The percentage cover data for species determined at each 

microsite from the first herbage cut were then used to determine percentage 

composition in the second cut and from this the growth rate of individual 

species was calculated . 

The same set of measurements was carried out at the LD site in September­

October 1 997 and January-February 1 998. Two adjacent areas, both 1 6  m2, 

were fenced and 20 microsites in each randomly placed for measurements . 

3.2. 1 .2. 1 Cumulative biomass 

Cumulative biomass curves for add ition of species in order of abundance were 

constructed for each data set. Parameters for the cumulative biomass curves 

were estimated using SAS (SAS I nstitute I nc. , 1 995). Data were plotted and 

fitted to the negative exponential equation : 

y = a(b - e-CX) 

where x = species in order of abundance and y = cumulative biomass 

and a, b and c are constants 
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The parameter c (curvature) was used to compare the curves between s ites. 

3.2. 1 .2.2  Diversity indices 

A series of randomly placed quad rat samples were taken to determine species 

composition . The Shannon d iversity index (Shannon and Weaver, 1 963; 

Pielou , 1 966) was calculated for each quadrat and is based on the proportional 

abundance of species. 

n 

SDI  = L (Xi -log Xi) 
x=1 

where x = % abundance of each species n = total number of species 

Pielou's pooled quadrat method (Pielou , 1 966) was used to determine the 

popu lation d iversity. The quad rats were pooled in random sequence and the 

cumulative d iversity calculated using Shannon's index of d iversity (Shannon 

and Weaver, 1 963). Shannon cumulative d iversity was plotted against the 

number of quadrats used . The point at which the resultant curve flattened was 

used to estimate the population d iversity (Magurran ,  1 988). 

3.3 Results 

3.3.1 Pasture Cover 

A total of 25 plant species were identified in the survey of the sites. There were 

1 0  g rasses, 4 legumes, 2 native herbs, moss (muscii spp.) ,  3 flatweeds 

(Plantago lanceolata, Hypochaeris radicata and Leontodon taraxacoides) and 

other species (Achillea millefolium, Cirsium vulgare, Cirsium arvense, 

Ranunculus repens and Cerastium glomeratum) .  

Dead matter was the main contributor to  biomass, especial ly in  summer (Table 

3.2) .  The highest proportion of dead matter was at the LM Morgans site. 

A.  capillaris was the most abundant species, (accounting for 1 9.2% of biomass 

on average), except at the LM Bal lantrae, LM spring and LD spring sites. At 
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these three sites Museii spp. (20.2%), Anthoxanthum odoratum (28%)  and 

L. perenne (1 7.5%), respectively,  were the most abundant species. A. eapillaris 

was present in greater abundance in spring than summer. On average,  L. 

perenne was the second most abundant species. L. perenne was less 

abundant in summer than spring , with the exception of the LM sites where this 

pattern was reversed . Very low percentages of L. perenne were present on the 

LM Bal lantrae and LM Morgans sites (0. 1  % and 0 .8% respectively). 

The most abu ndant legume was T. repens (5% on average). This species was 

most abundant in spring,  with the exception of the HM sites where T. repens 

was more abundant in summer. The highest percentage of T. repens occurred 

on the HM sites with low percentages at the remaining sites. 

Museii spp. were more abundant in spring than summer. Museii spp. were the 

greatest contributors to b iomass on the LM Bal lantrae site. The most common 

plant species over al l the sites (>5% of average dry matter) were, A. eapillaris, 

A .  odoratum, C. eristatus, L. perenne, T. repens, flatweeds and Museii spp. 

The least common species « 1  %) included Daetylis g/omerata, F. rubra, Poa 

pratensis, T. dubium, T. subterraneum, Lotus peduneu/atus, Centella uniflora 

and Nertera setu/osa. 

J 



Agrostis capillaris 

Lolium perenne 

Anthoxanthum odoratum 

Cynosurus cristatus 

Rytidosperma Spp. 
Holcus lanatus 

Poa annua 

Festuca rubra 

Oactylis glomerata 

Poa pratensis 

Trifolium repens 

Trifolium dubium 

Trifolium subterraneum 

Lotus pedunculatus 

Centel/a uniflora 

Nertera setulosa 

Flatweeds 
Other species 
Muscii spp. 

Dead Matter 

HMspring 

1 9.3 
1 9.3 
6.3 
5.8 
2 . 1  
1 .8 
5.4 
0 .5 
0.0 
0.3 
9.2 
2.7 
0.0 
0 . 1  
0 . 1  
0.5 
2.2 
0.9 
3.7 
19.8 

HMsummer 

1 9.4 
1 3.1  
4.5 
4.9 
1 .0 
4 . 1  
1 .8 
0.8 
0.0 
0 . 1  
1 1 .0 
0.4 
0.0 
0.7 
0.3 
0.8 
1 .2 
0.7 
0.5 

34.7 

MMspring 

f 24.6 
1 5.7 
5.0 
5.2 
0.9 
2.7 
4.8 
1 .4 
0.2 
0.0 
4 .5  
0 .5 
0 . 1  
0 . 1  
0 .3  
1 .3 
7 .9 
0.8 
1 1 .7 
1 2.0 

MM summer 

22.6 
1 0 .7 
4 .8  
9 .6 
1 .5 
3.0 
1 .7 
0 .8 
0 . 1  
0 .0 
3 .7  
0 .3  
0 .0  
0 .0  
0 .3  
0 .5 
4.4 
0.4 
2 . 1  

33.5 

LMspring 

12.5  ' 
/2.3 
21r.O 
4.3 
2.7 
2. 1 
1 .4 
0.8 
5.0 
1 .0 
3.7 
0.8 
0.0 
0.7 
0.0 
0 . 1  
8.6 
1 .5 
1 .4 

23.3 

LMsummer 

22.6 
1 3.0 
3.8 
4 . 1  
7.4 
1 .3 
1 . 1 
2 .1  
0.0 
0 . 1  
2.5 
0.3 
0.0 
2.5 
0.2 
0 . 1  
3.9 
0.8 
0.2 

33.8 

LDspring 

1 3.2 • 

1 7.5 
3.8 
9.0 
2.9 
0.9 
1 .6 
0 .0 
0 .0 
0 .2 
5 .3 
1 .4 
2.6 
0 .0 
0 .0 
0.0 
9.9 
0.8 
7.7 

23.3 

LDsummer 

18.0  
7 .7  
3.9 
6.8 
4.0 
0.7 
0.8 
0.0 
0.0 
0.6 
2.5 
0 .0 
0.0 
0.0 
0.0 
0.0 
1 5.8 
0.8 
1 .0 

37.3 

LMMorgans 

26.0 
0 .8 
4.2 
1 .9 
1 .8 
1 .4 
0.4 
0 .2 
0.3 
0.0 
4.6 
0 . 1  
0 . 1  
0 . 1  
0.0 
0.3 
0.0 
5.3 
5.8 

46.9 

LMBallantrae 

1 3.6 -
0 . 1  
6.3 
2 .3 
2 . 1  
1 .0 
0.2 
2.4 
0.0 
0 .0 
2.9 
0 . 1  
0 . 1  
0 . 1  
0 . 7  
2.5 
7.0 
1 .3 

20.2 
37. 1 

Average 

1 9.2 
1 0.0 
7.1 
5.4 
2.6 
1 .9 
1 .9 
0.9 
0.6 
0.2 
5.0 
0.7 
0.3 
0.4 
0.2 
0.6 
6.1 
1 .3 
5.4 

30.2 
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3.3.2 Species richness and standing green biomass.  

Varying relationships between the number of species present and standing 

g reen biomass existed for the 1 0  data sets (Table 3.3) .  Only 5 data sets, HM 

summer, MM spring,  MM summer, LM spring and LM Morgans, showed a 

significant relationship between the number of species present and stand ing 

green biomass. Two of these sites (LM Morgans and MM spring) showed a 

positive relationship, whereas the other three showed a negative relationship 

between number of species present and standing green biomass. 

Table 3.3 Linear regression of species richness and standing green 
biomass 

S ite 
HM spring 
HM summer 
MM spring 
MM summer 
LM spring 
LM summer 
LD spring 
LD summer 
LM Morgans 
LM Bal lantrae 

Regression Slope 

+ 

+ 

+ 
+ 

R2 value (%) 
1 3  
47 
1 0  
1 0  
34 
2 
o 
2 
1 2  
1 

Prob>F 
0. 1 1 99 
0.0009 
0.0476 
0.0471 
0.007 1 

· 0 .5962 
0.9024 
0 .4357 
0.000 1 
0 .2509 
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3 .3.3 Species richness, stand ing green biomass and s lope. 

3.3. 3. 1  Biomass and slope 

H M  summer, MM summer, LD spring and LD summer fol lowed similar patterns 

of decreasing biomass with increasing slope class (Figure 3 . 1 ) . LM Bal lantrae 

and LM Morgans showed increasing b iomass to slope class 2 1 -30° then a 

decreased biomass at greater s lopes. Sites HM spring and LM spring had a 

reasonably even d istribution of biomass over al l slope classes, with HM spring 

having sl ightly higher b iomass at lower slope classes and LM spring on higher 

s lope classes. The MM spring site had increasing biomass with increasing 

slope class . There appeared to be no pattern between biomass production and 

slope class on the LM summer site. Biomass increased from 0 to 20°, 

decreased from 21 to 40°, and then increased at >4 1 0 .  

3.3.3.2 Species richness and slope 

HM spring,  MM spring, MM summer, LM spring,  LM Bal lantrae and LM Morgans 

al l  fol lowed the same pattern of increasing species richness up to slope class 

2 1 -30° ( i .e .  peak richness at this slope class), then decreasing richness at 

steeper slopes (Figure 3 . 1 ). The HM summer, LD spring and LD summer sites 

a l l  exhibited in itial increases in species richness with increasing slope, then the 

richness stabi l ised . HM summer remained at 7 species and LD summer at 6 

species from slope class 1 1 -20° upwards. Site LD spring remained at 8 

species from slope class 21 -30° upwards. LM summer was the only s ite that 

stayed at 7 species from 0-40° slope, then decreased to 5 species at slopes 

g reater than 41 ° .  

3.3.3.3 Biomass, species richness and slope 

At the LM Ballantrae and LM Morgans sites both biomass and species richness 

increased up to slope class 2 1 -30° and then decreased on greater slopes 

(Figure 3 . 1 ). The MM summer site, with the exception of slope class 0-1 0° 

fol lowed a similar pattern . MM summer had a relatively high biomass on the 0-

1 0° slope class. The three sites that had decreasing biomass as slope 
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increased , MM summer, LD spring and LD summer, were also the sites where 

the number of species stabil ised . The two sites which had a relatively even 

distribution of biomass over all slope classes, LM spring and HM spring , both 

had a similar pattern of species richness. That is, increased species richness 

to slope class 21 -30°, then a decrease on steeper slopes. Although species 

richness at the MM spring site also increased to slope class 2 1 -30° and then 

decreased on the steeper slopes , the biomass increased as slope increased . 

At the LM summer site, species richness did not fol low the same pattern as 

biomass. At slopes greater than 41  0 ,  species number decreased and biomass 

increased . 

3.3.4 Cumulative biomass 

The cumulative biomass curves (Figure 3 .2)  show the rate of increase of 

biomass with the addition of species in order of abundance. The order of the 

species on the x axis of the cumulative biomass curves rank the species by 

abundance, and these rankings d iffer between sites. Parameter c, which is a 

measure of the curvature, was compared for each curve (Figure 3 .3) .  

Al l  the spring sites were significantly lower for the curvature coefficient (c)  than 

the summer sites with the exception of the LD spring and summer sites which 

d id not differ significantly (Figure 3.3) .  Using the 95% confidence interval as a 

measure of error, the LM Ballantrae and LM Morgans sites d iffered significantly. 

The HM summer and LM Morgans sites had sign ificantly higher curvature 

coefficients than any other site . This indicated that at these sites, the 

cumulative biomass curves were steeper and that a few species dominated the 

sward . The MM spring and LM Ballantrae sites curvature coefficient d iffered 

sign ificantly. The MM spring and LM spring sites had the lowest curvature 

coefficients , but not significantly lower than LD spring. The low curvature 

coefficient at these sites ind icated that the cumulative biomass curves were 

flatter and that there was less dominance by the most abundant species 
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3.3.5 Species contributing to 50% of standing green biomass 

Regard less of total species richness, there were never more than 3 species 

contributing to 50% of green biomass at any site (Figure 3 .2) .  LM Morgans 

had one species, LM Bal lantrae, HM summer, MM summer, LM spring, and LM 

summer had two species and HM spring, MM spring,  MD spring and MD 

summer had 3 species contributing to 50% of green biomass. The most 

common species contributing to 50% of green biomass were A. capillaris and 

L. perenne. One or both of these species were among the species contributing 

to 50% of green biomass at al l sites . Other species contributing to 50% of 

green biomass tended to be s ite specific. Moss was the other main contributing 

species at the LM Bal lantrae , MM spring and LD spring sites. T. repens was 

the other main contributor at the HM spring site, f1atweeds at the LD summer 

site, and A .  odoratum at the LM spring site. 
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Figu re 3.2 Cumulative standing green biomass presented as a proportion 
of total standing green biomass, for the 1 0  data sets. 

(Aca = A. eapillaris, Aod = A. odoratum, Cent = C. unif/ora, Ccr = C. cri status, Oanth = 
Rytidosperma spp., 091 = D. glomera ta, Flats = Flatweeds, Fru = F. rubra, Hla = H. lanatus, 
Lpr = L. perenne, Lotus = L. peduneulatus, Moss = Muse;; spp., Nert = N. setulosa, OS = 

other species, Poa = Poa spp., Pps = P. pratensis, Tdu = T. dubium, Trp = T. repens, Tsu 

= T. subterraneum) 
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Figure 3 .3  Comparison of the curvature parameter (c) of the cumulative 
biomass curves. Error bars indicate the 95% confidence interval. 
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3.3.6 % contribution of the most abundant species and species richness. 

All sites with the exception of HM summer, LD spring and LD summer, showed 

a sign ificant (P<O .05) negative relationship between the % contribution of the 

most abundant species and species richness (Table 3.4). That is, the 

contribution of the most abundant species decreased (became less dominant) 

as species richness increased . There was no significant positive or negative 

relationship between % contribution of the most abundant species and species 

richness at the HM summer, LD spring and LD summer sites, and no increase 

or decrease in the dominance of the most abundant species as species 

richness increased . 

3.3.7 Population divers ity, average Shannon diversity and green 
biomass. 

The population diversity calcu lated using Pielou's pooled quadrat method , was 

consistently higher than average Shannon d iversity (Table 3 .5) .  With the 

exception of the HM spring site , the Pie Iou index tended to decrease with 

decreasing ferti l ity level .  Again,  with the exception of the HM spring site , the 

Pielou index was greater in spring than summer. For spring and summer at the 

LM s ite , the Pielou index values were similar. At all s ites where spring and 

summer surveys were taken,  average Shannon index was greater in spring 

than summer. Average Shannon index did not follow the same pattern as the 

Pielou index, that is, it d id not decrease with decreasing fertil ity. The site with 

the highest Pielou index (HM summer), did not have the highest average 

Shannon index (which was at the LD spring site). The site with the lowest 

Pielou index (LM Morgans) d id ,  however, have the lowest average Shannon 

index. The Morgans site had significantly lower Pielou and average Shannon 

ind ices than any other s ite , but d id not have sign ificantly less standing green 

biomass. Standing green biomass d id not appear to be related to either the 

Pielou index or average Shannon index. 
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Table 3.4 Significance of regression between % contribution of the most 
abundant species and species richness. 

Site 
HM spring 
HM summer 
MM spring 
MM summer 
LM spring 
LM summer 
LD spring 
LD summer 
LM Morgans 
LM Ballantrae 

Regression Slope R2 value (%) 
30 
1 0  
31 
1 0  
58 
28 
1 8  
6 
39 
1 5  

Prob > F  
0.0001 
0. 1 66 1  
0.0002 
0.0450 
0 .000 1 
0.0 1 55 
0.0585 
0 . 1 357 
0.0001 
0.0001 
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Site Name Average std error Average Shannon std error 
Population index 

diversity 

HM spring 2 . 1 8  0. 1 0  1 .55 0 .09 
HM summer 2 .59 0.23 1 .47 0.06 
MM spring 2 . 1 2  0.07 1 . 58 0 .04 
MM summer 2 .38 0.08 1 . 53 0 .04 
LM spring 2 .00 0. 1 4  1 .40 0 . 1 1 
LM summer 2 .00 0. 1 2  1 . 37 0 .08 

LD spring 2 .28 0.06 1 .65 0 .05 
LD summer 1 .92 0.07 1 .40 0 .06 

LM Morgans 1 .98 0.04 1 .38 0 .02 
LM Ballantrae 1 .68 0.04 0.95 0 .03 

Average green biomass std error 
(g DM/m2) 

203 1 2  
249 30 
1 74 8 
2 1 7 1 8  
203 1 9  
350 2 5  
44 3 
99 1 3  

2 1 8  6 
1 98 8 
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3.4 D iscussion 

3.4.1 Pasture composition 

The 25 plant species identified from the six sites in the pasture survey had al l  

been identified previously in southern North Island pasture surveys (Rumball 

and Esler, 1 968; Grant and Brock, 1 974 ; Lambert et al. 1 986a). The most 

abundant species on average over al l  the sites was A. capillaris. This was 

confirmed in the Grant and Brock ( 1 974) survey of pastures in the same area, 

before intensive improvements were made to the pasture through oversowing 

and fertil iser appl ication .  The abundance of A.  capillaris in summer was s l ightly 

greater than spring , wh ich might be due to its reasonable stress tolerance 

(Grime et al. 1 988) compared to other species in the sward . Both T. repens 

and L. perenne were more abundant at the higher fertil ity sites. This same 

pattern was noted by Lambert et al. ( 1 986a) in fertil iser trials conducted at 

Bal lantrae Hil l Research Station ,  where 8 of the 1 0  data sets were col lected . I n  

h igher ferti l ity sites (specifically high Olsen P sites) legume content was higher 

and was associated with a greater abundance of L. perenne. The occurrence 

of greater levels of L. perenne associated with increased legume content 

(specifically T. repens) is possibly due to the increased levels of N contributed 

to the soil by the legume. 

The abundance of ind ividual species has been shown to be influenced by 

topography, wh ich encompasses slope, aspect and ferti l ity; g razing 

management, which includes defol iation frequency and intensity; and ferti l iser 

appl ication (Rumball and Esler, 1 968; Grant and Brock, 1 974 and Lambert et 

al. 1 986a). Only slope, ferti l ity and seasonal d ifferences were examined here,  

though the LM Morgans site was cattle grazed compared with al l  the other sites 

wh ich were sheep grazed. 

Luscombe et al. ( 1 981 ) identified the fol lowing composition in easy sloping (3-

1 0") ,  low fertil ity (Olsen P of 3) hi l l  country: 31 % A. capillaris, 23% weed 

species , 1 0% C. cristatus, 8% clover (mainly T. repens),  6% other species, 4% 
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A. odoratum and 4% L.  perenne .  When compared to the LM Morgan site (also 

Olsen P of 3) (Table 3.2) ,  there was more A. capillaris, C. cristatus, L. perenne, 

weeds and legumes in the Luscombe et al. (1 981 ) survey, less other species 

and the same abundance of A. odoratum. 

Dead matter contributed to 30% of total dry matter on average and was 

therefore the most abundant contributor to biomass. Lambert et a/. ( 1 986a) 

identified approximately 1 0% of biomass contributed by dead matter. This large 

d ifference may be attributable to two factors. Lambert's pasture cuts to 

determine biomass were not cut to ground level , as they were in this 

experimental work and calcu lations were based on six herbage d issections 

taken throughout the year, whereas the samples which gave 30% dead matter 

were taken in spring and summer. The average contribution of dead matter in 

the summer samples was higher than in the spring samples , probably due to 

under-util isation of spring pasture growth , resulting in a bui ld up  of dead matter 

in summer (Lambert et al. 1 986a). Leaf death rates also tend to increase with 

increasing soil temperature (Woodward , 1 998) and rates of decay in summer 

tend to slow due to the low rainfal l and low relative humidity (Cayley et al. 

1 980). The LM Ballantrae and LM Morgans sites were surveyed in spring ,  but 

both had high levels of dead matter present, particularly the LM Morgans site. 

Again this was most l ikely due to poor util isation of the spring pasture flush. 

The LM Morgans site had 46.9% dead matter, which was probably due to the 

site being cattle grazed . Cattle grazing usually results in h igher post g razing 

pasture levels in spring and summer, hence a greater build up of dead matter in 

the sward base. 

The two data sets , LM Bal lantrae and MM spring,  col lected at the same 

location but 28 years apart, i l lustrate the effect of management changes on 

pastu re stabil ity. The same species were present in both data sets , but the 

abundance of certain species changed with time, and with the management 

imposed during that time. I n  particular, the percentage of dead matter, 

flatweeds and moss decreased and of A. capillaris, L. perenne and T. repens 
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increased . These changes are indicative of a general increase in fertility over 

time (Olsen P from 2 to 24 mg Pig soil) and improvements in grazing 

management ( ind icated by the decrease in dead matter content). That the 

same species were present in the sward after 28 years of changing 

management suggests that the species mix was reasonably stable. The 

species mix was able to absorb perturbations due to management and/or 

climate by adjusting the abundance of various species rather than species 

becoming extinct and new species migrating into the system. These results 

ind icate that the role of farm management is in chang ing species abundance 

rather than botanical composition in order to try and improve pasture 

production . Genetic drift may also have occurred in some species ,  enabl ing 

them to absorb changes in management and environmental conditions and 

maintain a similar pasture composition (Barker, pers comm.) .  

There were several species present on most sites, that on average contributed 

to <5% of total dry matter. The role of some of these species can be 

suggested . For example, F. rubra and Rytidosperma sp . become greater 

contributors to b iomass under dry cond itions or in dry niches, and P. annua, T. 
dubium and T. subterraneum are al l  annual species that contribute mainly in 

late winter and spring , particularly when there are gaps in the sward . Other 

species, however, such as C. uniflora and N. setulosa, two native herbs, play 

an undefined role in hi l l  pastures and their presence appears to have been 

largely ignored in the past. 

3.4.2 Diversity and production. 

The relationships between species richness and standing green biomass were 

variable and only 5 of the data sets showed significant relationships, two 

positive and the other three negative (Table 3 .3) .  There have been many 

attempts to define the relationship between species richness and productivity. 

McNaughton ( 1 994) carried out two grassland experiments where the results 

suggested that productivity (as measured by the change in total community 

stand ing crop) was inversely related to species richness. McNaughton's 
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explanation for this phenomenon was that the production of ind ividual species 

in more d iverse vegetation is more even ly spread through the growing season.  

He stated that when the phenological d ifferences of  species were taken into 

account, there was no evidence that biodiversity and productivity were related . 

I n  the survey at Ballantrae, phenolog ical d ifferences between species would 

have been minor. The surveys were carried out in spring and early summer 

when al l  the species, which included perennials and summer annual plants, 

wou ld have been actively growing .  This may be one explanation why no 

defin ite relationship existed between species richness and production .  

Ti lman ( 1 993) theorised that there was a greater loss of  d iversity on more 

productive sites. His theory was that as productivity of a vegetation patch 

changed , rates of colonisation and extinction changed , resulting in changes in 

species richness. His results suggested that it was the increased litter layer 

associated with productive sites, that altered species abi l ity to colonise the site 

and caused extinction from the species present at the site, resulting in 

decreased richness. This theory may be su ited to natura l  ungrazed or l ightly 

grazed , grassland ecosystems, but under grazed pasture systems the theory is 

u nl ikely to apply because grazing animals minimise accumulation , and maintain 

similar biomass on both productive and unproductive sites. Also, hil l pastures 

consist predominantly of perennial species, wh ich on productive sites, are very 

competitive against colonising species. 

Alternatively, Naeem et al. ( 1 996) suggested that on average, species poor 

assemblages were less productive than species rich ones. They found that 

intra-specific competition was greater than inter-specific, so, in a species rich 

assemblage of similar density to a species poor assemblage, the effects of 

intra-specific competition are going to be greater in the species poor 

assemblage, hence lower productivity than the species rich one. Though 

Naeem et afs experimental work showed this result, i t  does not appear to be 

appl icable to the 1 0  data sets, as only 2 of these, LM Morgans and MM spring 

showed this relationship to a significant level . The LM Morgans site d iffered 
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from the others in that it was cattle grazed . This may have altered the effects of 

inter and intra-specific competition in such a way as to result in a significant 

positive relationship between species richness and productivity. The MM spring 

site , however, was sheep grazed l ike all the other sites in the survey. 

Unl ike many other plant biodiversity experiments the 1 0  data sets were not from 

unmanaged and ungrazed grassland ecosystems, but were subject to 

control led grazing management. McNaughton's ( 1 994) work was carried out on 

grazed , but unmanaged natural Serengeti grassland , Ti lman's ( 1 993) work was 

carried out on l ightly grazed , unmanaged natural and old-field grasslands and 

Naeem et afs ( 1 996) work was a pot experiment in a g lasshouse. 

Net above ground biomass (or the total biomass pool) was used as the 

measure of productivity in these experiments. In the surveys reported here,  

however, g reen biomass (which takes into account fluxes through the pool e .g .  

tissue tu rnover rates) was used as the measure of productivity as i t  is what is of 

value to the grazing animal .  This may have also resulted in no clear 

relationship existing between productivity and d iversity due to the added 

compl ication of d ifferent rates of tissue turnover for d ifferent species. 

Though Naeem et al. ( 1 996) obtained significant evidence in their experimental 

work to suggest that productivity increased with d iversity, they emphasised that 

to state the converse is not necessarily true. Naeem et al. ( 1 996) stated that 

"within ecosystems, reductions in species richness are just as l ikely to decrease 

productivity as increase it" . This ind icates that the relationship between 

productivity and species richness is complex and variable, and perhaps differs 

for d ifferent ecosystems , hence the variable results reported from this survey. 

The relationship between green biomass production and species richness in 

North Is land ,  New Zealand hi l l  pastures is not straight forward . There appear to 

be underlying confounding factors such as ferti l ity, moisture and grazing an imal 

behaviour that are involved in the relationship. When an analysis of variance 
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was carried out using Olsen P as a covariate, the LM Ballantrae (P = 0.0099), 

LM Morgans (P = 0.0694) and MM summer (P = 0.02 1 6) data sets all showed a 

significant relationship between biomass production and species richness. 

Hence ferti l ity (Olsen P) is a confounding factor in the relationship between 

biomass production and species richness for these three data sets. 

3.4.3 Environmental effects. 

One of the major environmental factors influencing hi l l  pastures is h i l l  slope. 

The effects of slope are indirect and act coincidental ly through soil moisture 

avai labi l ity, fertil ity, radiation interception and stock behaviour (Rumbal l  and 

Esler, 1 968; Gi l l ingham, 1 973). 

3.4. 3. 1  Slope and production 

There were several confl icting relationships between standing green b iomass 

and slope class among sites and seasons. On flatter slopes, fertil ity and 

moisture levels tend to be high and species present on these slopes tend to be 

high ferti l ity responsive species adapted to the levels of these resources 

(Lambert et al. 1 986a). The positive influence of moisture on b iomass 

production on flatter slopes compared to steep slopes was more apparent in 

summer than spring.  Greater biomass was accumulated on the flatter slopes 

(HM and LD spring,  HM ,  MM and LD summer), but more intensive grazing also 

occurred there due to the physical ease of grazing and the presence of high 

ferti l ity responsive species (Figure 3 . 1 ) . Growth on the flatter slopes may be 

inh ib ited by excess moisture in combination with animal tread ing . Constant 

standing green biomass levels occurred on some spring sites (HM,  LM and LD 

spring) and may be attributed to a combination of intensive grazing on the 

flatter s lopes and less intensive grazing on the steeper slopes with water being 

less of a l imiting factor on steep sites in spring . 

Peak biomass at slope class 2 1 -30° occurred on several sites (MM summer, 

LM Morgans and LM Ballantrae). This pattern appeared to be associated with 
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dominance by one or two species (e.g .  A .  capil/aris) .  The specific fertil ity, 

moisture and grazing intensity was conducive for such dominants to produce 

large amounts of biomass at this slope class. At sites where the peak occurred , 

the flatter slopes tend to have biomass l imited by intensive grazing and the 

steeper sites are l imited by moisture deficiency, ferti l ity and poorer producing 

species being present. 

3.4.3.2 Slope and species richness 

Species richness appeared to be influenced by slope effects (moisture, ferti l ity 

and grazing intensity) in a similar manner to biomass. On flat and very steep 

slopes , there tended to be fewer species present (e.g. HM,  MM,  LM , and LD 

spring;  LM Morgans, LM Ballantrae and HM and LD summer) (Figure 3 . 1 ) . On 

the flatter s ites this was probably due to h igh levels of competition between 

species for the abundant resources . On such sites, species that were good 

competitors (e.g .  L. perenne and A. capil/aris) were found in abundance, but 

few other species were present. On steep sites, stress tolerance rather than 

competitive abi l ity possibly became the most important factor, particu larly in 

summer when moisture avai labi l ity was l imited . There were few species 

adapted to the conditions present on a very steep site, hence species richness 

was low (e .g .  LM summer). 

Most sites exhibited peak species richness at slope class 2 1 -30°, the same 

slope class where maximum biomass production occurred at several s ites .  At 

this slope class there may be a certain combination of moisture,  fertil ity, g razing 

pressure and l ight that al lows many species (from competitors through to stress 

tolerators) to co-exist, resulting in high species richness. 

3.4.3.3 Slope, species richness and production 

The sites (Figure 3 . 1 )  that had biomass increasing to a peak at 2 1 -30° slope 

also had species richness fol lowing the same pattern (MM summer, LM 

Bal lantrae and LM Morgans). Species richness and biomass production d id not 

seem to be directly related and cannot be viewed as cause and effect variables. 

There were many factors involved in a pastoral system that determine both 
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species richness and biomass produ ced . Some of these factors include 

fertil ity , moisture, aspect, grazing intensity, competition and colonisation or  

extinction of  pasture species. 

The three sites with distinct decreases in biomass as slope increased (HM 

summer, LD spring and LD summer), a l l  showed the same pattern of  species 

richness, that is, initial increases fol lowed by stabil isation. This pattern 

suggested that on flatter slope classes, higher levels of competition for 

resources occurred , a few productive species were dominating , which in turn 

resulted in high biomass production. As slope increased, species richness 

remained the same, but biomass decreased , ind icating that the poorer 

producing species were increasing in abundance as slope class increased . 

Three of the other sites (HM spring ,  M M  spring and LM spring) al l showed the 

same pattern of species richness, but the MM spring site showed increasing 

biomass with increasing slope and the other two showed fairly even biomass 

production over al l  slope classes. The avai labi l ity of water over all slope 

classes (because it was spring) may have had a bigger influence on the 

biomass produced , than species richness. The MM spring site may have been 

particularly wet resu lting in suppression of growth on the flatter slopes. 

The LM summer site did not show any definable relationship between species 

richness and stand ing green biomass. Biomass on the >41 0  slope class was 

probably h igh due to lack of control of spring pasture growth by sheep grazing 

(Lambert et  al. 1 983), rather than being attributable to the decrease in species 

richness. Sheep preferential ly graze more productive flatter slopes resulting in 

an accumulation of biomass on steeper slopes. Sheep also tend to avoid 

grazing very steep slopes because of the physical d ifficulties of doing so. If the 

relationship between slope, biomass and species richness is to be identified , 

then pasture on al l  slopes would need to be cut to the same level .  This would 

provide control led conditions, but would not provide an indication of what 

happens in grazed hi l l  pastures. Species richness declined at the >41 0  slope 
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class because of the harsh environmental cond itions present, resulting in  fewer 

species being able to survive. 

3.4.4 Species dominance. 

Two species in particu lar, A. capillaris and L. perenne, played a particularly 

dominant role in the contribution of biomass at all sites (Figure 3.2) .  When 

species other than these two dominants contributed to the first 50% of standing 

green biomass, they were site specific, with T. repens contributing on a high 

ferti l ity site, flatweeds on a low fertil ity dry site and moss and Anthoxanthum 

odoratum on a low ferti l ity moist site .  

D ifferences between the curvature of  the cumulative biomass curves ind icated 

that species response d iffered due to site factors, such as season and ferti l ity. 

That al l  the spring sites d iffered from the summer sites (with the exception of 

the LD site) ind icated that soil moisture also played a role. I n  general ,  flatter 

curves indicated less dominance and a more even contribution of species to 

biomass whereas steeper curves indicated dominance by a few species. 

The dominance of both A. capillaris and L. perenne could be explained through 

stud ies carried out by Harris and Brougham ( 1 968) and Kershaw ( 1 958) in  New 

Zealand hi l l  pastures, where they identified that L. perenne and A. capillaris 

showed a sign ificantly negative association . That is, L. perenne is found in  

relatively highly trodden , high ferti l ity sites, and A. capillaris is found in  less 

trodden, low fertil ity sites. Therefore, these two species tend to complement 

each other at a site where ferti l ity and tread ing damage is heterogeneous.  

They are not competing for exactly the same n iche, therefore can co-exist, and 

each dominate its own n iche. The type of grazing animal can also have an 

i nfluence on which species dominate in the sward . Clark et al. ( 1 984) found 

that under goat grazing at Bal lantrae Hi l l  Research Station the dominant 

pasture species were H. lanatus and T. repens, compared with L. perenne and 

A.  capillaris under sheep grazing . 
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The effect of species dominance on community structure, species richness and 

production has been widely studied (Grime, 1 977; Reed , 1 977; Chapin et al. 

1 986 ; Tilman,  1 987; Gurevitch and Unnasch , 1 989). Reed ( 1 977) and Ti lman 

( 1 987) observed that increasing soi l  fertility in herbaceous plant communities 

can lead to an increase in productivity, a reduction in species richness a nd an 

increase in the dominance of a few species. These changes in community 

composition have commonly been attributed to the exclusion of other species 

by competitively superior dominants where soil nutrients are h igh and rapid 

growth is possible. As mentioned earl ier, L.  perenne and A. capillaris were very 

dominant on flat sites, where fertil ity and soil moisture were relatively high .  

U nder resource poor conditions, there are two theories as to why dominance 

occu rs. Ti lman ( 1 982) stated that species dominate because they are superior 

competitors under those environments. Grime (1 977) postulated that 

competition was diminished in resource poor environments and it was the abil ity 

to withstand poor conditions, rather than competitive superiority that a l lowed 

certain species to dominate. Gurevitch and Unnasch ( 1 989) stated that in 

general ,  the abil ity for a species to dominate a site is poorly understood and 

controversial ,  as the confl icting theories of Grime ( 1 977) and Tilman ( 1 982) 

showed. Gurevitch and Unnasch ( 1 989) found that competition with dominant 

species l imited other species in the community, and that the removal of the 

dominant resulted in increased species richness and evenness. Competition 

from the dominant species was more important in structuring the community 

when resource levels were high , and that the biomass of the first and second 

most abundant species were found to be good predictors of the number of 

species present (Gurevitch and Unnasch , unpubl ished data). 

3.4.5 Diversity indices and pasture production . 

Popu lation d iversity was greater than average Shannon d iversity at al l s ites, as 

wou ld be expected because of the patchiness of the vegetation being sampled 

(Pielou , 1 966). That spring population d iversity was greater than summer 

population d iversity might indicate that the environmental cond itions occurring 
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i n  summer restricted the presence of some species, annuals in  particular 

(N icholas, unpubl ished data). The h ighest Shannon d iversity occurred with 

maximum species richness and maximum evenness, and the reduction in 

summer popu lation d iversity may have been caused by changes in species 

richness or in the occurrence of dominance of certain  species. Population 

d iversity tended to decrease with decreasing fertil ity, though this was not a 

sign ificant relationship. I n  contrast, stud ies (Reed , 1 977;  Bakelaar and Odum,  

1 978; Si lvertown , 1 980; and Tilman ,  1 987) found increased soil ferti l ity resulted 

in a dramatic reduction in species richness. 

Similarly to population d iversity, average Shannon d iversity was greater in 

spring than summer. The average Shannon index, however d id not decrease 

with decreasing fertil ity. The effects of high evenness on the high fertil ity sites 

and high d iversity on the low fertil ity sites may have cancelled out with 

averaging to result in no overall change in average Shannon d iversity with 

ferti l ity. 

I n  agreement with the lack of relationship observed for species richness and 

standing green biomass , neither popu lation,  nor average Shannon d iversity 

appeared to be related to standing green biomass in the pastures surveyed . 

Again,  th is would suggest that the relationship between plant species d iversity 
and biomass production was not straightforward ,  and more work needs to be 

done in New Zealand hil l  pastures to better define the relationship. 

3.5 Conclusions 

There were 25 species identified in pasture surveys of six sites. These species 

were present on all sites, but the abundance of individual species varied due to 

environmental cond itions. In the surveys carried out 1 8  years apart, the 

species present d id not change, only the abundance. A.  capillaris and L. 

perenne were consistently dominant contributors to biomass, but other species 
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such as T. repens, f1atweeds, A. odoratum and moss varied greatly depending 

on site factors such as ferti l ity, slope and moisture. 

T. repens was present in greater than 5% abundance only on the sites with 

high Olsen P levels (HM spring and summer). This indicates that increased 

Olsen P levels result in i ncreased abundance of T. repens. As legu mes, 

particularly T. repens, are the major source of n itrogen in hi l l  pastures, Olsen P 

levels need to be kept relatively h igh to maintain the proportion of T. repens in 

the sward . The dominance of L. perenne and A. capillaris in the sward wou ld 

also resu lt in decreased levels of T. repens due to the competitive abi l ity of 

these two g rasses. 

No d irect relationship between species richness and green biomass production 

in h i l l  pastures was found .  It appeared that slope, which influences ferti l ity, 

moisture availabi l ity and grazing animal  behaviour, was a key factor i n  this 

complex relationship.  The relationship between species richness , g reen 

biomass production and slope appeared to be infl uenced by season and 

management history of the site being surveyed . It was found that peak species 

richness occurred most often on slope class 2 1 -30°. 

From the resu lts and d iscussion presented here, it was apparent that the role of 

species richness in  North Island New Zealand hi l l  pastures is complex. While 

h il l  pastoral systems are relatively stable in terms of the number of species 

present, it is clear that A. capillaris and L. perenne dominate and contribute to a 

large proportion of green biomass produced . 
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4. Functional Grou ps 

4. 1 Introduction 

It is d ifficult to pred ict the response of vegetation to environmental or 

management changes because of the complexity of interactions between plants 

and their environment (Korner, 1 994).  S impl ification of these complex systems, 

to g roups of species with similar functions in the system is required , hence 

reducing the total number of components being stud ied . Functional g roups 

therefore can be defined as sets of plants exhibiting similar responses to 

envi ronmental conditions and having similar effects on dominant ecosystem 

processes (Walker, 1 992).  

Both morphological and physiological traits are commonly used to classify 

species into functional groups (Grime,  1 974; Whittaker, 1 975;  Smith and 

Huston ,  1 989; Korner, 1 994; Solbrig,  1 994) .  Korner ( 1 994) identified five 

principles on wh ich functional groups can be based . The first is the morphotype 

which is based on simple morphological characteristics (e.g .  leaf type or 

obvious broad grouping criteria such as tree, vine, or shrub) .  The second basis 

is the investment type which groups species on the proportions in which carbon 

and nutrients are invested in plant structures (e.g. tap roots). The third basis, 

the physiotype , is the physiological characteristics such as sun/shade species 

and species that use a specific photosynthetic pathway (C3, C4 or CAM).  

There are problems with this grouping criteria in that many plants with vastly 

d ifferent morphology's can fal l  into the same physiotype group,  and often 

morphology can have a greater i nfluence on how plants succeed and survive in 

competitive environments, than physiological traits (Korner, 1 994).  The fourth 

basis, the physiomorphotype, overcomes this problem by combin ing 

morphological and physiological features. This is the most widely used 

grouping criterion (Korner, 1 994) .  The final  basis is l ife strategy and in 

comparison with the other grouping criterion mentioned , is more persistence-
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than growth-oriented . This is a difficult criteria to use because d iscrete 

boundaries are often not present, and survival strateg ies can change with 

changing environmental conditions. 

There are many d ifferent methods for forming functional g roups (Grime, 1 974; 

Whittaker, 1 975; Smith and Huston,  1 989; Korner, 1 994; Solbrig ,  1 994), and 

there is no quantitative basis for preferring any one of these methods. The 

groups chosen depend on the researchers specific interests (Davis and 

Heywood , 1 963). For example, if a researcher is interested in the vegetation 

response to increased fertil ity at a site, factors that indicate plants responses to 

changes in fertil ity (e .g .  root length , leaf area, nutrient content) wil l be used to 

group plant species into functional groups. One set of plant species may be 

able to form many d ifferent functional groups depending on the selection 

criteria used . 

Because the formation of functional g roups is subjective, a h ierarchical 

approach was used to identify useful functional groups for hi l l  pastures. This 

approach began with broad categories, which were then refined using a 

number of statistical approaches and classification factors. 

4.2 Defin ing functional groups 

The most common groupings for a h i l l  country pasture are grasses, legu mes, 

f1atweeds and other species. This is a broad categorisation since other species 

includes species such as native Centella uniflora and Nerlera setulosa, Muscii 

spp. and weed species such as Achillea millefolium. The broad groupings 

above suggest someth ing is known about the species in the system. For 

example, that grasses and legumes are agronomical ly important, that f1atweeds 

d iffer greatly in morphology, and that "other species" are an agronomical ly 

un important g roup. 
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Due to the nature of h ill pastures (e.g. 20 plant species in North Island,  New 

Zealand hill pastu res (N icholas, unpublished data) compared with 1 32 plant 

species in unmanaged rangelands in Minnesota (Ti lman, 1 993)), these 

groupings are reasonably descriptive, and interpreting the proportions of these 

functional groups gives some ind ication of the general resource status of the 

envi ronment in which they are growing.  

The first method used to define functional groups in h i l l  pastures was an 

objective approach . Pasture composition was measured at a number of sites at 

the AgResearch H ill Research Station ,  Ballantrae, in 1 968/69 and in 1 996/97 

(refer to methods, Chapter 3). The objective grouping of species into functional 

groups was carried out using a SAS cluster· analysis on the standard ised 

Ballantrae data . The PROC CLUSTER command and the average method 

were used (SAS I nstitute I nc . ,  1 995). The inputs into the cluster analysis for 

each species were: yield (kg OM/ha), % cover, growth rate (kg OM/ha/day) and 

the regression slope of the relationship between growth rate and Olsen P ,  

growth rate and hi ll slope and yield and Olsen P.  The first three factors were 

standard ised by ranking (Grime, 1 997) and the last three were standard ised by 

al locating a 3 to those species with a positive regression and 1 to those with a 

negative regression. The following seven groups were identified from the 

cluster analysis: 

• Trifolium dubium, Lotus pedunculatus, and Centella uniflora; 

• Trifolium subterraneum and Poa pratensis; 

• Anthoxanthum odoratum, Trifolium repens, Cynosurus cristatus and Muscii 

spp . ;  

• Holcus lanatus, Poa annua, Rytidosperma spp.; 

• f1atweeds, Festuca rubra and Nertera setulosa; 

• Lolium perenne and 

• Agrostis capillaris. 
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These groupings were expected considering the inputs that were used in  the 

cluster analysis , many of which were based on yield or abundance factors. 

Species that were similar in abundance have been grouped together. For 

exam ple, T. dubium, L. pedunculatus, and C. uniflora yielded 1 5, 1 6  and 1 4  kg 

OM/ha,  respectively; T. subterraneum and P. pratensis both 3 kg OM/ha; A.  

odoratum, T. repens, C. cristatus and Muscii spp. 1 52,  1 5 1 ,  1 48 and 1 96 kg 

OM/ha, respectively; H. lanatus, P. annua, Rytidosperma spp. and flatweeds 

95, 1 00, 88 and 1 1 5 kg OM/ha, respectively; F. rubra and N. setulosa, 45 and 

32 kg OM/ha, respectively, and finally L. perenne, 340 kg OM/ha and A.  

capillaris, 680 kg OM/ha. The usefulness of these groups as functional g roups 

wou ld be l imited , as they are based on abundance , rather than function.  

As the above objective approach did not result in the formation of groups of 

species based on function, another cluster analysis was carried out based on 

information about each species derived from literature.  The variables used 

included abi l ity to respond with increased growth to increased P levels; n itrogen 

fixing abil ity; abil ity to grow well on slopes; low growth habit; and tolerance to 

above average tread ing,  grazing and drought levels. The cluster analysis 

resu lted in six functional groups which have been named using the 

nomenclature of Lambert et al. ( 1 986a): 

• Iow fertil ity tolerant grasses, 

• h igh fertility responsive grasses , 

• other legumes, 

• T. repens, 

• flatweeds 

• other species ( in th is pasture including C. uniflora, N. setulosa and Muscii 

spp.) .  

The cluster analysis based on l iterature derived variables (Hilgendorf, 1 939; 

Stru ik, 1 967; Grime et al. 1 988; Oavis et al. 1 994; Nicholas et al. 1 997) resulted 

in simi lar g roups to those defined by Lambert et al. ( 1 986a) ,  but with some 
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minor differences (Table 4 . 1 ) . The low fertil ity tolerant grasses defined by 

Lambert et al. ( 1 986a) were the same as those that formed the first group:  C. 

eristatus, Rytidosperma spp., F. rubra, A. eapillaris and A. odoratum. The high 

fert i l ity responsive grasses (Lambert et al. 1 986a) were the same as the second 

group of L . perenne, H. lanatus and P. annua. Lambert et al. ( 1 986a) had 

L. perenne as a functional group on its own as it is more responsive to high 

fertil ity than either H. lanatus or P. annua (Grime et al. 1 988). The two 

remaining functional groups defined by Lambert et al. ( 1 986a) were legumes 

and other  species. I n  the literature based analysis, a l l  the legumes (T.  dubium, 

T. subterraneum and L. peduneulatus) grouped together except for T. repens 

which was in its own functional group.  Flatweeds also formed a functional 

group,  but this was because they were the only weed species present. There 

were other species present in  the pasture such as C. uniflora, N. setulosa and 

Museii spp . ,  but they were removed from the cluster analysis due to missing 

data . More would need to be known about the g razing tolerance of these 

species to group them correctly. That these species are indigenous suggests 

they wou ld not be tolerant of sheep grazing and would therefore form their own 

functional  g roup separate to flatweeds .  The key functional d ifferences between 

groups in this analysis appeared to be grazing tolerance and response to 

ferti l ity. This would be expected as three of the inputted variables were related 

to fertil ity and three to grazing avoidance/tolerance. These are important 

variables from a pastoral perspective. 
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Table 4.1  Summary of the d ifferences between the functional groups 
defined by Lambert et al. (1 986a) and those defined in  this study using 
l iterature derived variables. 

Lambert et al. ( 1 986a) Groupings Literature derived Groupings 

- High ferti l ity responsive grasses - High ferti l ity responsive grasses 

e.g. H. lanatus, Poa spp. e.g. L. perenne , H. lanatus, Poa spp. 

- Low ferti l ity tolerant grasses - Low fertil ity tolerant grasses 
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e.g .  A.  capillaris, A. odoratum, C. eristatus, 

Rytidosperma spp., F. rubra 

e.g. A. capillaris, A. odoratum, C. cristatus, 

Rytidosperma spp., F. rubra 

- L. perenne 

- Legumes 

e.g. T. repens, T. dubium, T. pratense 

- T. repens 

- Legumes 

e.g. T. subterraneum, T. dubium, T. pratense, L. 

peduneulatus 

- Other species - Other species 

e.g. Hypochaeris radicata, Leontodon taraxacoides, e.g. C. uniflora, N. setulosa, Muscii spp. 
Plantago lanceolata, Museii spp.,  
N. setulosa, Cerastium glomeratum 

- Flatweeds 

e.g. Hypochaeris radicata, Leontodon taraxacoides, 

Plantago lanceo/ata 

The relative contribution to biomass production of the six functional groups in  

response to soil fertil ity and grazing management history (Figure 4 . 1 )  showed 

(with the exception of the Ballantrae site) that low fertil ity responsive grasses 

decreased as fertility increased . Simi larly, high fertil ity responsive grasses 

increased with increasing fertil ity. This suggested a functional response of 

these two groups to a fertil ity/grazing management gradient. The Ballantrae 

site had a low occurrence of all grasses and the highest occurrence of other 

species. Perhaps at this low ferti l ity level, the function of the other species was 

more su ited to the environment than that of low ferti l ity responsive grasses. 

There did not appear to be any noticeable pattern over the fertil ity range for the 

other legumes functional group ,  though the occurrence of these legumes was 

greater in spring due to the low incidence of annual species in summer. The 
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occurrence of white clover increased with increasing fertil ity, with the exception 

of the Bal lantrae and Morgans sites . It appeared to be equally abundant on the 

two sites with the lowest ferti l ity. Flatweeds appeared to occur more frequently 

on the lower fertil ity s ites ,  with the exception of the Morgans site . 

The l iteratu re-derived clusters clearly separated the pasture species into useful 

functional groups, but further refinement was needed to identify the most 

abundant species in the sward . It is important to identify these species as any 

changes to them, caused by changes in management or the environment, wil l 

have a large effect on total pasture production and perhaps pasture stabil ity. 
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Figure 4.1 Relative contribution of 6 functional groups (defined from the 
l iterature) to biomass in the 8 data sets. 
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As a further  refinement of the literature derived functional groups, two d ifferent 

measures of abundance were entered into a SAS cluster analysis (SAS 

Institute I nc. , 1 995) to see which produced the most useful separation of 

abundant species. The other data in the cluster analysis was that used in the 

l iteratu re derived cluster analysis. The first measure of abundance used was % 

cover. This clustering method resulted in more functional groups being formed , 

each with only 1 ,  2 or 3 species. The main d ifference in these cluster results 

was that three species, A. capillaris, L. perenne, T. repens, and flatweeds, 

formed their own functional groups. The low fertil ity tolerant grass group was 

d ivided into abundant (A. odoratum and C. cristatus) and scarce species 

(Rytidosperma spp. and F. rubra). The high ferti l ity responsive grasses (H. 

lanatus and Poa spp. ) were sti l l  grouped together, but L. perenne was removed 

- --- -------------
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to a group of its own because of  its greater abundance. T. repens remained in 

a group of its own ,  but L.  pedunculatus was removed from the other legumes 

group because of its inabil ity to grow on steep slopes and to cope with drought, 

hence it was less abundant than the other legumes. C. uniflora , N. setulosa 

and Muscii spp. remained grouped together due to their overal l  negative 

response to the managed pastu re environment. 

The second measure of abundance used was ranking . The least abundant 

species was ranked 1 and species with the same % cover, were given the 

same ranking number. The results of this g rouping d id not appear to be as 

useful functional ly as those described above. A. capillaris for example, wh ich 

was the most abundant species was grouped with A. odoratum, which while 

being a low fertil ity tolerant (LFT) grass, was on average 80% less abundant 

than A.  capillaris. Another unusual result was that F. rubra formed a group on 

its own.  I n  other cluster analyses, this species was associated with other LFT 

grasses. Its ranking in this analysis d id not suggest that it was g reatly d ifferent 

from the other LFT grasses. T. repens and f1atweeds were grouped together in  

th is analysis. Functionally this separation was not useful ,  with T. repens being 

a legume and f1atweeds having no nitrogen fixing abi l ity and a very d istinct 

growth habit. L. peduncuJatus was also separated into a group of its own in this 

analysis. 

Refining the literature derived functional groups using % cover data resu lted in 

functional ly usefu l groups being produced . As the objective of using functional 

g roups is to simpl ify the system being stud ied , the fol lowing changes were 

made to the groups produced in the refined l iterature analysis (that included a 

measure of species abundance). 

1 .  L .  peduncuJatus was grouped with T. dubium and T. subterraneum to form 

a group cal led other legumes. These species make a very small 

contribution to total cover, and it would make l ittle contribution to the 

understanding of the system to study them individual ly. 
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2. The two groups of low ferti l ity tolerant grasses (abundant and scarce) were 

grouped together to form a low fertil ity tolerant grass functional group .  All 

these species (A. odoratum, C. cristatus, Rytidosperma spp. and F. rubra) 

were qu ite similar in  terms of their response to slope, fertil ity and drought 

and because Rytidosperma spp. and F. rubra were reasonably scarce 

species (2 .6 and 0.9% of total cover respectively), they d id not warrant a 

group on their own .  

Therefore, the functional groups that were defined using the hierachical 

approach described above were: 

• Agrostis capillaris 

• Lolium perenne 

• High fertil ity responsive grasses - Holcus lanatus, Poa spp. 

• Low fertil ity tolerant grasses - Anthoxanthum odoratum, Cynosurus 

cristatus, Rytidosperma spp . ,  Festuca rubra 

• Trifolium repens 

• flatweeds 

• Other legumes - Trifolium dubium, Trifolium subterraneum, Lotus 

pedunculatus 

• Other species - Centella uniflora, Nertera setulosa, Muscii spp. 

Using this h ierarchical development approach , eight functional  groups have 

been defined to represent approximately 20 species commonly found in North 

I sland hi l l  pastures. That eight functional groups have been defined suggests a 

range of functions are carried out by hi l l  pasture species ,  however, in this study, 

a maximum of only three species form each functional group. These functional 

g roups wil l  be used in  fol lowing chapters to describe pasture botan ical changes. 
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5.  Management effects on pasture composition 

5.1 Introduction 

H il l country pastures are more d ifficult to manage than lowland pastures 

because they are heterogenous and d iverse (Harris, 1 994). This divers ity is 

caused by cl imate (temperature and rainfa l l ) ,  edaphic factors (soil moisture and 

fertil ity) and biotic factors (grazing animals and management). These factors 

are further complicated by different aspects , slopes, microtopography and 

altitude (Harris, 1 994). These variations not only occur at the whole farm level ,  

but also with in paddocks making appl ication of management to achieve a 

desired pasture composition very difficult. Fencing is frequently used on h i l l  

farms to separate areas of d ifferent aspect or slope class, and this removes 

some variabil ity within a paddock, but there are sti l l  many more acting to create 

a d iverse pasture. 

Harris ( 1 994) suggested that successful h i l l  pastu re management involves 

balancing the three determinants of pasture composition and production 

derived by Grime ( 1 973), competition ,  stress and disturbance. Using G rime's 

( 1 973) triangular ordination, species important in New Zealand hil l pastures 

(e.g. L. perenne, A. capillaris, T. repens, C. cristatus and A. odoratum etc . )  

occur where there is a balance of competition , stress and d isturbance. 

Disturbance is defined as any environmental stress that directly l imits plant 

growth and survival ;  and competition ,  as plant interactions that may be 

beneficial by reducing environmental stress, but are more often competitive 

where adjacent plants interfere with each others growth and survival .  Stress is 

defined as a factor such as cultivation or grazing which modifies interactions 

among plants (Harris , 1 994) .  Harris ( 1 994) also stated that i f  any one of these 

three factors is dominating, pasture composition wil l be simpl ified . Pasture 

composition ,  therefore , may be a useful tool for determining the health of a 

pasture and could be used successfully in combination with indicator species or 

functional groups. 
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Environmental effects, competition and management can al l  act to modify 

pasture composition (Kemp and Dowl ing,  1 993). Each species and genotype 

of species responds to these external stimuli morphological ly and 

physiological ly. Just how each species responds and how they interact 

together determines pasture composition . 

The objectives of this study are to identify the effects of imposed management 

conditions on the botanical composition and production of a North Island , New 

Zealand hi l l  pasture. 

5.2 Method 

5.2. 1 Turf removal 

36 blocks of intact turf and soil were removed from Bal lantrae H il l Research 

Station in early November 1 996. The turves were 1 m long, 0 .5  m wide and 

0.4 m deep. 1 2  turves were removed from each of three sites, which had 

varied management history (Lambert et al. 1 996). The high ferti lity (HH)  site 

had 37.5 kg P/ha/year appl ied as superphosphate since 1 973, the second (HN)  

site had the same level of fertil iser appl ied until 1 980 , when ferti l iser appl ication 

was stopped , and the third site (LN ) had a low rate of ferti l iser ( 1 2 kg P/ha/year) 

until 1 973 and then fertil iser appl ication ceased in 1 980. 

The turves were removed from the sites using cutting apparatus dragged by a 

tractor (Newton et al. 1 994) (Plate 5 . 1 ) .  The apparatus consisted of a cutting 

tool and a turf bin . The cutting tool was mounted on the tractor and the bin in  

turn attached to the cutting tool .  A hole was in itially dug in the soil deep 

enough to fit the cutting tool and a bin flush with the soil surface. Water was 

pumped from the cutting apparatus on to the sides of the bin to aid movement 

of the soil through it. Wheels on the cutting apparatus controlled the depth of 

the turf. Once the turf bin was ful l ,  the turf was cut off using a spade. The bin 

was then l ifted out of the channel using a second tractor, and a new bin 
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attached to the cutting apparatus. This procedure was repeated until 1 2  turves 

were obtained. Due to physical constraints, the turves were removed from 

relatively flat areas at the sites rather than slopes, but stock camps and tracks 

were avoided . 

The turves were removed over a period of approximately two weeks and were 

transported to the Plant Growth U nit at Massey University, Palmerston North . 

The tu rves remained outside for approximately one week during wh ich time, the 

ends of the turves were tid ied using a spade and sheet metal ends attached to 

the bins, so that no bare soil was showing. They were also hand-watered 

during this time. The turves were then randomly allocated within  a 25 x 1 2. 5  m 

g lasshouse, with three rows of 1 2  turves (Plate 5.2) .  The turves were watered 

for approximately fifteen minutes nightly with overhead sprinklers .  

5.2.2 Treatments 

Treatment appl ication began on 3 December 1 996. The three management 

histories of the sites from which the turves were removed comprised levels of 

one factor. The second factor was cutting height. The turves were trimmed 

approximately once a week to maintain standard sward heights of 20 mm 

(short) and 75 mm (tal l) .  The third factor was simulated sheep treading, 

consisting of treading (T) or no tread ing (NT). The simulated tread ing was 

appl ied using a studded roller that appl ied an average pressure of 1 .28 Mg m-3 

to the soil surface (Awan ,  1 995) (Plate 5.3) .  Each turf was trodden with 1 0  

passes of the rol ler after each cutting.  

5.2.3 Measurements 

5.2.3. 1  Dry matter harvests 

Approximately once a week (from 3 December 1 996 to 1 3  May 1 997) the turves 

were trimmed using an electric hand-piece to the standard heights of 20 mm 

and 75 mm to simu late intense and lax, respectively, defol iation by grazing 

an imals. A bracket was attached to the hand-piece onto which d ifferent sized 

gu ide wheels could be attached to achieve the required cutting height. All 
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material removed from the turves during cutting was col lected using a vacuu m  

cleaner, d ried and weighed to determine dry matter production .  

5.2.3.2 Leaf extension 

Leaf extension measu rements were made on five of the most common and 

agronomically important species identified in the turves. These species were: 

L. perenne, A. capillaris, H. lanatus, A. odoratum and T. repens. Leaf 

extension was monitored for 5 days in February, March, April and May 1 997. 

On each tu rf, one ti l ler of each species was tagged with an identifying colored 

piece of wire. The length of the youngest leaf was measured and then over 

subsequent days was re-measured . I f  the leaf died or ceased growing over this 

5 day period , then the new leaf that appeared was measured . 

5.2.3.3 Cover analysis 

A special ly designed point quad rat apparatus with 1 0  needles 0.05 m apart was 

used to non-destructively determine pasture composition of the turves. I n  

December 1 996 and April 1 997, 1 00 points were sampled o n  each turf. I n both 

February and March ,  30 points were sampled on each turf. The point quad rat 

apparatus was used on a first h it basis. Only the first species hit by the needle 

was identified (Levy and Madden,  1 933) and the percentage of hits (cover) for 

each species was calculated . 

5.2.3.4 Tiller counts 

On each turf, the t i l lers or growing points in three 0.025 m2 samples were 

counted . The three samples were then averaged . This measu rement was 

taken in January, February, March , April and May 1 997. 

5.2.3.5  Botanical composition 

Four herbage d issections were carried out on samples cut from the turves. A 

0 .01  m2 quadrat was cut from four areas near the corners of the turves in 

January, February, March and April 1 997 respectively, and was dissected into 

component species and dead material .  Dissected samples were then d ried and 

weighed to determine the proportion of. each species present. 
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5.2. 3. 6  Dry matter harvest dissections 

The herbage removed from the turves on 3 March 1 997 was col lected and 

d issected into the fol lowing categories, L. perenne, other g rasses, other 

species , T. repens and dead matter. This measurement was taken to 

determine species composition in the upper strata of the sward , above the 

standard cutt ing heights of 20 mm and 75 mm. 

5.2. 3. 7 Root weight and length 

I n  January 1 997 four, 300 mm deep, soil cores (332 cm3) were removed from 

each turf (one near each corner), discarded , and the holes back-fi l led with clean 

dry sand . Thirty days later, in  February, the sand-fi l led cores were re-cored and 

the roots were removed by hand . Root length and root weight of the roots 

grown in  one month were then determined. I n  March , after 60 days re-growth ,  

the remain ing two cores were removed and root length and root weight were 

determined . 

5.2.3. 8 Soil nutrients 

Soil was sampled in December 1 996, to a depth of 1 00 mm, and pH and the 

concentration of the following nutrients determined for each turf: Ca, K, P ,  Mg ,  

Na ,  S .  

5.2.4 Statistics 

The experimental design was a 3 x 2 x 2 factoria l ,  with 3 replicates. Due to an  

error in  appl ication of the factors, the design was unbalanced with treatments 

having a range of 1 to 6 replicates, however, only two treatments had 1 

replicate. Type 3 sums of squares were used instead of type 1 ,  due to their 

more conservative nature. The 5% level of significance was used to ind icate 

sign ificant d ifferences between treatments. 
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5.3 Resu lts 

5.3 .1  Measurement results 

5.3. 1.1  Soil nutrients 

Calcium levels were sign ificantly d ifferent between sites (P = 0.001 0 ,  Table 

5 . 1 ) .  The H H  turves had significantly higher calcium levels than the LN a nd HN 

turves . There were no  sign ificant d ifferences i n  the potassium levels between 

sites. Olsen P level was sign ificantly higher on the HH  turves (P = 0.000 1 ) than 

the HN and LN turves. At the 5% level of significance,  magnesium ,  sod ium and 

pH levels d id not d iffer sign ificantly between sites.  Sulphur levels were 

sign ificantly h igher on the HH turves than the HN or LN turves (P = 0.000 1 ) .  

There were no significant cutting height or treading effects on soil nutrient 

status. 

5.3. 1.2 Soil roots 

S ite effects sign ificantly influenced root length in January (P = 0 .01 56) and root 

weight in March (P = 0.0392) (Table 5.2) .  I n  January, root length was 

sign ificantly greater on the HH turves. Root length for the HN turves and the 

LN turves was similar. I n  March , root weight was significantly lower on the HN 

turves than the HH  and LN turves,  which did not d iffer sign ificantly. 

Cutting height and tread ing had no significant influence on root weight or length 

in either January or March. 
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Table 5.1 Soil nutrient status of turves in December 1 996. Samples taken 
to a depth of 1 00 mm. Un its for Ca,  K,  P, Mg,  Na and S are mg/g of soil .  

Soil Sites 

parameters LN HN HH SEM Prob>F 

Ca 463 438 600 37.5 0.00 1 0  

K 86 1 1 8  1 1 8 1 4 .0 0.2592 

P 6 7 20 1 .3 0.0001 

Mg 99 97 88 6.5 0. 1 1 88 

Na 30 39 53 6.0 0 .0508 

S 3 5 26 2.4 0.0001 

pH 5.4 5 .2 5.4 0.05 0 . 1 853 
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Table 5.2 The effect of (a) site, (b) cutting height and (c) simulated 
treading on root length (m/m3) and weight (g/m3) in February (after 4 
weeks re-growth) and March (after 8 weeks re-growth) 1 997. Cores taken 
to a depth of 30 cm. 

a) 

LN HN HH SEM Prob > F  

February (4 weeks re-growth) 

Weight 1 8 1 1 20 21 1 2 1 . 1  0 . 1 05 1  

Length 52980 44250 78266 6020 .5 0.01 56 

March (8 weeks re-growth) 

Weight 241 1 20 2 1 1 30 . 1  0.0392 

Length 78266 43046 65322 1 2040.9 0. 1 01 6  

b) 

Short (20 mm) Tall (75 mm) SEM Prob > F  

February (4 weeks re-growth) 

Weight 1 51 1 8 1 1 8 . 1  0 . 1 294 

Length 48465 68332 51 1 7 .4 0 .0575 

March (8 weeks re-growth) 

Weight 1 81 2 1 1 30. 1 0 .3925 

Length 51 776 72547 9331 .7 0 . 1 05 1  

c) 

Treading No treading SEM Prob > F  

January (4 weeks re-growth ) 

Weight 1 51 1 8 1 1 8. 1  0 .9 1 07 

Length 55990 61 1 08 51 1 7 .4 0 .8601 

March (8 weeks re-growth) 

Weight 1 81 2 1 1 30 . 1  0 .5786 

Length 56893 67429 9331 .7 0 .3936 
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5.3. 1.3 Dry matter accumulation 

I n  December, dry matter accumulation was significantly h igher on the HH  

treatment turves than the LN  and HN turves (P  = 0.00 1 6 , Table 5 .3a) .  I n  

March , the sites ranked HH > L N  � H N  ( P  = 0 .0001 ) and i n  May they ran ked HH 

> LN  � HN (P  = 0.0046) for their influence on dry matter accumulation.  

Cutting height sign ificantly influenced dry matter accumulation in al l months 

with the short cutting height turves having significantly greater dry matter 

accumulation than the tall cutting height turves (Table 5 .3b). 

Tread ing d id not sign ificantly influence dry matter accumulation in any month 

(Table 5 .3c). Trodden turves produced sl ightly more dry matter in December 

96 (P = 0 .3653) and May 97 (P = 0.9686). In January (P = 0 .9766) ,  February 

(P  = 0. 1 329),  March (P = 0.4839) and April 97 (P = 0.3388), the untrodden 

turves accumulated slightly more dry matter than the trodden turves . 

5.3. 1. 4 Tiller density 

Til ler density was sign ificantly influenced by site in February, March , April and 

May 1 997 (Table 5.4a). In February the sites ranked HH > HN � LN for their 

influence on ti l ler density (P = 0.0064) .  In March, April and May the sites 

ranked H H  > LN � HN for their influence on til ler density (P = 0.01 1 7 , 0 .0472, 

and 0.007 1 , respectively). 

Cutting height significantly influenced til ler density in al l months (Table 5.4b) .  I n  

al l  months ti l ler density was significantly higher for the short cutting height than 

the tal l  cutt ing height. 

The effect of treading on ly sign ificantly influenced til ler density in May 97 when 

the untrodden turves had significantly greater til ler density than trodden turves 

(P = 0.01 65) (Table 5 .4c). From January to Apri l , the untrodden turves had 

greater til ler density than trodden turves, but not significantly so. 
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Table 5.3 Summary of dry matter accumulation rate (kg OM/ha/day) for (a) 
s ite, (b) cutting height and (c) treading treatment. 

a) 

Month LN HN HH SEM Prob>F 

Dec 96 36.6 32.2 42.9 2 .5 0 .00 1 6  

Jan 97 34 .6 28.2 26.3 3.0 0 .0764 

Feb 22.6 20.3 24.0 2.0 0.2490 

Mar 29 . 1  24.4 34.4 1 .3 0.0001 

Apr 1 2 .6 1 2 .6 1 5.3 1 . 1 0 . 1 236 

May 7.4 6.9 1 0.9 1 . 1 0 .0046 

b)  

Month Short (20 mm) Tal l  (75 mm) SEM Prob > F  

Dec 96 43.3 31 .2  2 .0  0 .0003 

Jan 97 38.8 20.7 2.4 0.0001 

Feb 27.6 1 7 .0 1 .5 0.0001 

Mar 32 .3 26.3 1 . 1 0 .0003 

Apr 1 5 .6 1 1 .7 0 .9 0 .00 1 8  

May 1 0 . 1  6.6 0.9 0 .01 62 

c) 

Month Treading No treading SEM Prob > F  

Dec 96 38.9 35.5 2 .0 0 .3653 

Jan 97 29.6 29.9 2 .4 0 .9766 

Feb 20.9 23.7 1 .5 0 . 1 329 

Mar 29.0 29.6 1 . 1 0 .4839 

Apr 1 3 .2 1 4 .0 0.9 0 .3388 

May 8 .51  8 .25 0.9 0 .9686 
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Table 5.4 Summary of tiller density (ti l lers/m2) for (a)  site, (b) cutting 
height and (c) treading treatment. 

a)  

Month LN HN HH SEM Prob>F 

Jan 97 23235 21 1 86 26756 2300 0 .4248 

Feb 97 1 881 1 205 1 5 25804 1 300 0 .0064 

Mar 97 21 056 1 88 1 8  26406 1 500 0 .01 1 7  

Apr 97 1 8606 1 61 89 23261 1 500 0 .0472 

May 97 1 4728 1 3727 1 8 1 70 900 0.0071 

b) 

Month Short (20 mm) Tall (75 mm) SEM Prob > F  

Jan 97 27885 1 9567 1 800 0 .0004 

Feb 97 25829 1 7591 1 000 0.0001 

Mar 97 25246 1 8941 1 200 0 .0004 

Apr 97 22253 1 6451 1 200 0 .001 2 

May 97 1 7800 1 3284 900 0 .000 1 

c) 

Month Tread ing No tread ing SEM Prob > F  

Jan 97 23042 24409 1 800 0 .7055 

Feb 97 201 90 23230 1 000 0 .0778 

Mar 97 21 366 22821 1 200 0 .4233 

Apr 97 1 7637 2 1 067 1 200 0 .0795 

May 97 1 4 1 09 1 6974 800 0 .0 1 65 
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There was a significant interaction between site and cutting height in February 

(P = 0 .0007), March (P = 0 .000 1 ) and April (P = 0 .0058). I n  al l months ,  ti l ler 

density was significantly greater on HH site turves with a short cutting height. 

5.3.1.5 Leaf extension 

Site only had a significant influence on leaf extension in April and May 97 

(Table 5 .5a) .  In  Apri l the sites ranked HH = HN > LN for their influence on leaf 

extension (P = 0.0076), and in May the sites ranked HH � HN > LN (P = 

0.0001 ). 

Cutting height significantly influenced leaf extension in February, March and 

May (Table 5 .5b). I n  al l  those months, leaf extension was significantly g reater 

on the tal l  cutting height turves (P = 0.0005, P = 0.0001 and P = 0 .0001 

respectively). I n  Apri l ,  leaf extension was sti l l  greater on the tall cutting height 

turves, but not significantly so (P = 0 . 1 375). 

There was no significant difference in leaf extension between trodden and 

untrodden turves (Table 5 .5c) . 

Leaf extension was significantly influenced by factor interactions in  February 

and May. I n  February, there was a cutting height by species interaction (P = 

0 .0 1 53), with greater leaf extension rates occurring for L. perenne on tal l  cutting 

height turves. In May, a tread ing by species interaction occurred (P = 0 .0474)  

with lower leaf extension rates occurring for T. repens on both trodden and 

untrodden turves. 



Chapter 5 8 1  

Table 5.5 Summary of leaf extension rates (mm/day) for (a) site, (b) 
cutting  height and (c) treading treatment. 

a) 

Month LN HN HH SEM Prob>F 

Feb 97 3 .9 4 .5  5.0 0.4 0 .0984 

Mar 97 3. 1 3. 1 3.4 0 .3 0 .099 1 

Apr 97 2 .5  3.2 3.2 0 .2  0 .0076 

May 97 2.6 3. 1 3.5 0.2 0 .0001 

b) 

Month Short (20 mm) Tal l  (75 mm) SEM Prob > F  

Feb 97 3.7 5.2 0 .3 0 .0005 

Mar 97 2.6 3.7 0.2 0 .000 1 

Apr 97 2 .9 3 . 1 0 .2 0 . 1 375 

May 97 2.7 3 .5  0 .2 0 .0001 

c) 

Month Tread ing No tread ing SEM Prob > F  

Feb 97 4.4 4.6 0 .3 0 .841 7 

Mar 97 3.2 3 .2  0 .2 0 .7509 

Apr 97 3.2 2 .8  0 .2  0 .2443 

May 97 3. 1 3 . 1  0 .2  0 .9086 
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5.3.1.6 Dry matter harvest dissection 

The abundance of L. perenne, other grasses and other species was 

sign ificantly d ifferent between sites (Table 5 .6a). The sites ranked HH ;:::: HN > 

LN for their  influence on L. perenne abundance (P = 0.0041 ), HH  > LN > H N  for 

their influence on other grasses abundance and HN ;:::: LN > HH  for their 

influence on other species abundance (P = 0 .0289). T. repens abundance was 

greatest for the LN turves , but not significantly greater than the HN and H H  

turves. Dead matter abundance was greatest o n  the L N  turves and least 

abundant on the H H  turves, but not sign ificantly so . 

Cutting height significantly influenced the abundance of other grasses and 

other species (Table 5 .6b). Other grasses were sign ificantly more abundant on 

the short cutting height turves (P = 0 .0001 ) as were other species (P = 0 .0002). 

There was very l ittle d ifference « 1 kg OM/ha) between the abundance of L. 

perenne, T. repens and dead matter on short and tal l  cutting height turves. 

Treading significantly reduced the abundance of other grass species (P = 

0.0352) (Table 5 .6c) on the turves . 

A significant interaction occurred between the cutting height and treading 

factors (P  = 0.01 82). L. perenne was more abundant on tal l  cutting height, 

u ntrodden turves and on short cutting height turves with treading.  
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Table 5.6 Summary of dry matter harvested (on 1 1  March 1 997) above 
standard cutting heights (of 20 and 75 mm) which was then dissected (kg 
OM/ha) into 5 categories for (a) site, (b) cutting' height and (c) treading 
treatment. 

a) 

LN HN HH SEM Prob>F 

L. perenne 1 2 .4 20.6 25.7 2 .8  0 .0041 

Other grasses 91 .6  65, 1 1 38 . 1  8 .0  0 .0003 

Other species 39.9 41 .0 1 8  7 .0 0 .0289 

T. repens 3 .6 1 .8 1 .8 ' 1 . 1 0 .5223 

Dead matter 1 0 .3  7 .7  4. 1 1 . 1 0 .0683 

b) 

Short (20 mm) Tall (75 mm) SEM Prob > F  

L. perenne 1 9 .0 20.2 2.0 0.6506 

Other grasses 1 20.6 76 .0 7 .0  0.000 1 

Other species 5 1 .4 14 .5  6 .0  0.0002 

T. repens 2.2 2 .6 1 .0 0 .8327 

Dead matter 7 .6 7 .2 2 .0 0 .6863 

c) 

Tread ing No treading SEM Prob > F 

L.  perenne 1 8 .6 20.6 2 .2 0 .6052 

Other grasses 86 .0 1 1 0 .6 6 .6 0 .0352 

Other species 33.8 32. 1 5 .8 0 .9667 

T. repens 2.3 2 .4 0 .9 0 .7869 

Dead matter 7 .8 6.9 1 ,8 0 .9585 
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5.3. 1. 7 Botanical composition 

I n  January (Table 5 .7). the abundance of C. uniflora and dead matter was 

sign ificantly i nfluenced by site effects . C. uniflora was more abundant on HN 

turves than H H  turves (P  = 0.01 97). No C. uniflora was present on the LN 

turves. Dead matter was significantly more abundant on the LN turves (P  = 

0.00 1 4) than both the HN and HH tu rves, which did not d iffer. 

I n  May. the abundance of C. uniflora . f1atweeds, L. perenne. Muscii spp. ,  

N. setulosa and Poa spp . was sign ificantly influenced by site. The sites were 

ran ked HN � H H  > LN for their influence on C. uniflora abundance (P = 0.000 1 ) , 

LN > HN � H H  for their influence on flatweed abundance (P = 0 .0330) and H N  > 

HH  � LN for their influence on L. perenne abundance (P = 0 .0088). The 

abundance of Muscii spp. was influenced by the sites in the following order LN 

= HN > HH  (P = 0.041 4). Muscii spp. were not present on the HH  turves. The 

sites were ranked HH > H N  � LN for their influence on N. setulosa abundance 

(P = 0.0490) and HH � HN > LN for their influence on Poa spp. abundance (P = 

0 .0 1 24 ). 

In January (Table 5.8) ,  cutting height significantly influenced the abundance of 

A. capillaris. A. odoratum and L. perenne. These three species were al l  

significantly more abundant on tal l  cutting height turves (P = 0 .0309, 0 .0001 

and 0.00 1 8 ,  respectively). I n  May, cutting height significantly influenced the 

abundance of A.  capillaris (P = 0.0269). A. odoratum (P = 0 .0008), dead matter 

(P = 0 .0304), L. perenne (P = 0.0283) and T. repens (P = 0 .0045). In al l  cases,  

these species were significantly more abundant on the tal l  cutting height turves. 
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Table 5.7 Summary of pasture botanical composition (kg OM/ha) for sites 
taken one month after treatment application began (January) and at the 
end of the experiment (May) 

Species Jan 97 May 97 

LN H N  H H  SEM Prob LN HN H H  SEM Prob 

A. capillaris 23 1 8  20 3 . 5  0 .4725 6 5 6 1 .8 0 . 3475 

A. odoratum 8 9 7 1 .8 0.4 1 77 3 3 3 1 .3 0 .60 1 8  

C. cristatus 2 2 0 .7 0.7402 0.6 0.6 0.3 0.3 0 . 5306 

C. uniflora 0 2 0.5 0 .4 0 .01 97 0 5 4 0 .8 0 .000 1 

Dead matter 31 1 8  1 8  4 .0 0.00 1 4  20 1 5  1 6  6 0 . 7286 

F. rubra 0. 1 0 0 0 .04 0.3954 0 . 1  0.04 0 0 .05 0 .451 6 

Flatweeds 6 7 2 .8 0 . 1 968 2 1  9 0.3 5 0 . 0330 

H. lanatus 3 7 1 .3 0 . 1 379 3 7 1 0 . 1 233 

L. perenne 2 6 5 1 .5 0 .0729 2 5 3 0.7 0 .0088 

L. pedunculatus 0. 1 0.4 0 0 .4 0.5809 0 .03 0 .2 0.4 0 . 0739 

Muscii spp. 3 2 0 1 .0 0 . 1 099 0 0.4 0 .04 1 4  

N. setulosa 0 2 2 1 . 1  0.3432 0.3 3 7 1 .7 0 .0490 

Other species 2 3 1 .2 0 . 1 1 74 6 3 0 . 1 420 

Poa spp. 0 2 0.7 0.0593 0 . 1  2 3 1 0 . 0 1 24 

T. dubium 0 5 0 0.2 0.0848 0 .02 0.02 0.02 0.02 0 . 7533 

T . repens 4 2 5 2 .2 0 . 1 5 1 3  2 0 . 7 0 .78 1 7  
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Table 5.8 Summary of pasture botanical composition (kg OM/ha) for 
cutting height taken one month after treatment application began 
(January) and at the end of the experiment (May). Short = 20 mm cutting 
height and tal l  = 75 mm cutting height 

Jan 97 May 97 

Short Tall SEM Prob>F Short Tall SEM Prob>F 

A.  capillaris 1 7  24 2.8 0.0309 4 7 0.0269 

A. odoratum 3 1 3  1 .4 0.000 1 0.2 5 1 0 .0008 

C. cristatus 1 3 0.6 0 . 1 762 0.6 0.4 0.2 0 .6800 

C. unif/ora 0.5 0.3 0.5369 2 4 0 . 7  0 .51 70 

Dead matter 22 23 3.2 0.7329 7 26 5 0.0304 

F. rubra 0 . 1  0 0.03 0.1 804 0 0 . 1  0 .05 0 .0722 

Flatweeds 2 7 2.2 0.0862 7 1 2  4 0 . 1 098 

H. /anatus 3 5 1 .0 0.66 1 4  2 5 0 . 8  0 .3329 

L. perenne 2 6 1 .2 0.00 1 8  2 4 0 . 5  0.0026 

L.  peduncu/atus 0.3 0 0.3 0.2943 0.2 0.6 0 .4 0 .6660 

Muscii spp. 2 2 0.9 0.6460 0.7 0 . 5  0 . 3  0.6 1 4 1  

N. setu/osa 3 0 .2 0.9 0.0998 5 3 1 0 .2343 

Other species 3 2 0.9 0.4398 3 2 2 0.3567 

Poa spp. 1 0.6 0.9757 0.6 2 0 .7  0 .0283 

T. dubium 0 . 1  0 .2 0.2 0.8238 0 .04 0 .01  0.02 0 . 1 660 

T. repens 3 5 1 .8 0. 1 544 0.3 2 0 . 5  0.0045 
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Tread ing d id not significantly influence the abundance of any species in 

January (Table 5.9) .  In May 97, the abundance of C. uniflora (P = 0.01 02) ,  F. 

rubra (P = 0.0459), H. lanatus (P = 0.01 08) and L. perenne (P = 0 .0309) was 

sign ificantly negatively influenced by tread ing . 

Sign ificant interactions between factors occurred in al l  months in which pasture 

d issections were carried out. I n  January, Rytidosperma spp. production was 

increased by site by treading (HN by T and HH by NT) interactions (P = 0.00 1 6) 

which resu lted in yields of 0 .09 and 0 .07 kg OM/ha respectively. H. lanatus 

production was increased by a site by tread ing (HH by NT) interaction (P  = 

0 .0346) which resulted in a yield of 1 1  kg OM/ha. I n  February ,  H. lanatus 

production was increased by a site by cutting height (HH by tal l )  interaction (P  = 

0.0026), a site by tread ing (HH by NT) interaction (P = 0.0093), a cutting height 

by tread ing (tall by NT) interaction (P = 0.03 1 5) and a site by cutting height by 

treading (HH by tall by NT) interaction (P = 0.0001 ) which resulted in yields of 

26, 23, 1 8  and 45 kg OM/ha ,  respectively. L. perenne production was 

increased by a cutting height by tread ing (tal l  by NT) interaction (P = 0 .0070) 

which resulted in a yield of 12 kg OM/ha.  Muscii spp. production was increased 

by a site by cutting height by treading (LN by tal l  by NT) interaction (P = 0.0355) 

which resulted in a yield of 4 kg OM/ha. Dead matter was increased by site by 

treading (HN by T and LN by NT) interactions (P = 0.0009) which resulted in  

yields of  38 and 31  kg OM/ha,  respectively. In  Apri l ,  C .  cristatus production was 

increased by a site by cutting height by tread ing (LN by tal l  by NT) interaction 

(P = 0.0362) which resu lted in a yield of 1 .4 kg OM/ha .  T. repens production 

was increased by a cutting height by tread ing (tall by T) interaction (P = 0.0422) 

which resulted in a yield of 3 kg OM/ha.  N. setulosa production was increased 

by a site by cutting height (HN by short) interaction (P = 0.00 1 3), a site by 

treading (HN by T) interaction (P = 0.0009) and a site by cutt ing height by 

tread ing (HN by short by T) interaction (P = 0 .0004) which resulted in yields of 

1 7, 1 5  and 29 kg OM/ha respectively. 
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I n  May, H. lanatus production was increased by a site by tread ing (HH by NT) 

interaction (P = 0.026 1 )  and a site by cutting height by tread ing (HH by tal l  by 

NT) interaction (P = 0.0229) which resulted in yields of 1 1  and 1 8  kg OM/ha. L. 

perenne production was increased by a cutting height by treading (tal l  by NT) 

interaction (P = 0.00 1 0) and a site by cutting height by treading (HN by tall by 

NT) interaction (P = 0 .0481 ) wh ich resu lted in yields of 7 and 1 0  kg OM/ha 

respectively. C. uniflora production was increased by a cutting height by 

tread ing (tall by NT) interaction (P = 0.0327) and a site by cutting height by 

treading (HH by tal l  by NT) interaction (P = 0 .0241 ) which resulted in yields of 6 

and 1 2  kg OM/ha respectively. 

5.3. 1.8 Point analysis 

5. 3. 1 .8. 1  Change in average pasture cover over time 

The cover of C. uniflora, f1atweeds and other species increased during the 

experimental period (Table 5 . 1 0) whereas L. perenne and T. repens cover 

tended to decrease. The cover of all other species identified remained 

reasonably static from December 1 996 to May 1 997. 
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Table 5.9 Summary of pasture botanical composition (kg OM/ha) for 

89 

treading treatments taken one month after treatment application began 
(January) and at the end of the experiment (May) . T = treading and NT = no 
treading.  

J a n  97 May 97 

T NT SEM Prob>F T NT SEM Prob>F 

A. capillaris 2 1  20 2.8 0.4042 7 4 1 0 .0983 

A. odoratum 8 9 1 .4 0.6932 3 3 0.8940 

c. cristatus 2 2 0.6 0 .631 3 0.5 0 . 5  0 . 2  0 .7 1 62 

C. uniflora 0.8 0.6 0.3 0.5327 4 0.7 0.0 1 02 

Dead matter 23 22 3.2 0.9574 1 2  2 1  5 0 .2 1 51 

F. rubra 0 . 1  0 0.03 0.0763 0 0 . 1  0.05 0 .0459 

Flatweeds 5 4 2.2 0 .629 1 1 5  5 4 0.0785 

H. lanatus 3 5 1 .0 0.22 1 8  2 5 0 . 8  0.01 08 

L. perenne 4 4 1 .2 0 .8789 2 4 0 .5  0 .0309 

L. pedunculatus 0.3 0.0 0.3 0.6062 0.05 0 . 8  0 .4 0 . 1 439 

Museii spp.  2 0.9 0.2724 0.5 0 .7  0.3 0.67 1 1 

N. setulosa 1 2 0.9 0.6760 2 5 0 . 1 237 

Other species 3 2 0.9 0.3524 5 2.7 0 .3325 

Poa spp. 1 0.6 0.8782 2 0.7 0 . 5871 

T. dubium 0.3 0 . 1  0.2 0.2857 0.01 0 .03 0 .0 1 6  0 .4833 

T. repens 6 2 1 .8 0.272 1 2 1 0 .5  0 .2469 
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Table 5.1 0 Changes in pasture species cover (by point analysis) averaged 
over al l  turves for each month 

Species Dec 1 9961 Feb 1 997 Mar 1 997 Apr 1 9971 

Jan 1 997 May 1 997 

A. capillaris 1 4  1 8  1 4  1 4  

A. odoratum 1 6  20 2 1  1 2  

Bare 0 0 0 1 

C. cristatus 1 2  4 6 8 

C. uniflora 2 4 5 5 

Dead matter 5 7 5 7 

F. rubra 0 0 0 0 

Flatweeds 1 0  1 1  1 2  1 2  

H. lanatus 7 1 0  9 9 

L. perenne 1 8  1 2  1 2  1 2  

L .  pedunculatus 1 1 2 1 

Muscii spp. 0 0 0 1 

N. setulosa 2 3 1 4 

Other species 2 4 7 8 

Poa spp. 1 1 1 2 

Rytidosperma spp. 0 0 0 0 

T. dubium 1 0 0 0 

T. repens 8 5 5 3 
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5.3. 1 .8.2  Effect of site on the cover a/individual species. 

I n  December/January and February, seven species were significantly 

influenced by site effects , in  March five species and in April/May, n ine species 

(Table 5 . 1 1 and Figure 5. 1 ). A. capillaris was sign ificantly infl uenced by site 

effects i n  December/January, February and April/May. I n  December/January, 

A.  capillaris had significantly more cover on the LN turves (LN > HH  � H N),  in 

February and Apri l/May on the HH turves (HH > LN > HN and HH  > LN � HN,  

respectively). H. lanatus cover was sign ificantly infl uenced by site effects i n  

December/January, March and April/May. I n  al l  these months ,  H. lanatus had 

sign ificantly more cover on the HH turves (HH > LN > HN) .  L. perenne cover 

was sign ificantly influenced by site effects in al l  months .  L. perenne had 

significantly more cover on the HH turves in all months, and less cover on the 

LN turves, but the LN turves were only sign ificantly less than the HN turves in 

December/January and April/May. Poa spp. cover was sign ificantly influenced 

by site effects in February and April/May. I n  February ,  Poa spp. had 

significantly more cover on HH turves (HH > HN � LN). In April/May, Poa spp. 

had sign ificantly more cover on HH than LN turves, with HN turves 

intermediate. L. pedunculatus was sign ificantly infl uenced by site effects in 

February and March . In  both months, L. pedunculatus had sign ificantly more 

cover on the HN turves (HN > LN � HH) .  C. uniflora was significantly influenced 

by site effects in al l  months. C. uniflora had the most cover on the HN turves in 

al l  months, but only sign ificantly more than the HH turves in December/January, 

February and April/May. C. uniflora had the least cover on the LN turves, but 

only sign ificantly less in December/January, March and Apri l/May. N. setulosa 

cover was significantly infl uenced by site effects in December/January and 

April/May. In  December/January, N. setulosa had significantly more cover on 

HH turves than LN turves, with HN turves intermediate . In April/May, N. 

setulosa again had the most cover on HH  turves, but not significantly more than 

HN turves (HH � HN > LN). Flatweeds were also significantly infl uenced by site 

effects in al l  months .  Flatweeds had significantly more cover on LN tu rves and 

significantly less on HH turves,  with HN turves i ntermediate. Other species 
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cover was significantly influ enced by s ite effects in February and April/May. I n  

both February and April/May, other species had significantly more cover on H N  

turves (HN > H H  � LN and HN > LN � HH ,  respectively). 

Bare soil was only present in April/May, and had significantly greater cover on 

the H H  turves (HH > LN 2: HN). 

5.3. 1 .8. 3  Effect of cutting height on the cover of individual species. 

I n  December/January, the cover of three species was sign ificantly influenced by 

cutting height; in February and March , six species were affected ; and in 

Apri l/May, nine species (Table 5. 1 2  and Figure 5 .2) .  

A. odoratum cover was significantly influenced by cutting height in February ,  

March and Apri l/May. I n  a l l  these months, A. odoratum had significantly greater 

cover on the tal l  cutting height turves . C. cristatus cover was only sign ificantly 

influenced by cutting height in March, when there was significantly more C. 

cristatus cover on the short cutting height turves. H. lanatus cover was 

sign ificantly influenced by cutting height in February and April/May. In both 

periods, H. lanatus had more cover on the tal l  cutting height turves. T. repens 

cover was sign ificantly influenced by cutting height in February, March and 

Apri l/May. In al l  months , T. repens had more cover on the tal l  cutting height 

turves. Flatweeds were significantly influenced by cutting height in April/May 

when more f1atweeds were found on the tal l  cutting height turves. C. uniflora 

cover was significantly infl uenced by cutting height in December/January, 

February and April/May. In al l  months,  C. uniflora had significantly more cover 

on short cutting height turves. Muscii spp. cover was significantly influenced by 

cutting height in December/January, March and April/May. I n  all months ,  

Muscii spp. had more cover on the short cutting height turves. N. setulosa was 

significantly influenced in February, March and April/May. As with Muscii spp . ,  

it had more cover o n  the short cutting height turves . So too did other species, 

which were only significantly influenced in March and April/May. 
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Table 5.1 1 Summary of Prob>F values for site effects on cover (by point 
analysis) of each species for each month. A point in the table means that 
that species was not present. 

Species Dec1 9961 Feb 97 Mar 97 Apr 1 9971 

Jan 1 997 May 1 997 

A.  eapillaris 0 .0372 0.0430 0 . 1 932 0.0056 

A. odoratum 0.5083 0 .31 34 0.3 1 78 0.6381 

Bare 0 .000 1 

C. eristatus 0 . 141 8 0 .7889 0.5557 0.0752 

C. uniflora 0.0001 0.0005 0 .0007 0.000 1 

Dead matter 0 .2736 0.050 1 0.4862 0 . 1 666 

F. rubra 0.6339 

Flatweeds 0.000 1 0.0001 0 .0001 0.0001 

H. lanatus 0.0065 0 . 1 051  0 .0009 0.0002 

L. perenne 0.000 1 0.0022 0.00 1 0  0.0001 

L. peduneulatus 0.3182 0.0440 0.0051 0 .0935 

Museii spp. 0 . 1 884 0 .4224 0.2341 0.0787 

N. setulosa 0.0245 0.0842 0 . 1 1 29 0.003 1 

Other species 0.0854 0.0422 0 .0660 0.0 1 4 1  

Poa spp. 0 .0587 0.0003 0.061 2 0.0265 

Rytidosperma spp. 0 .4668 

T. dubium 0 . 1 009 0.4259 0.2623 

T. repens 0.0632 0 .229 1 0 .8360 0 .5356 
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Figure 5 .1  The effect of site on the % cover (by point analysis) of five 
categories of species. • =A. capillaris _ = L. perenne 6.= T. repens x = flatweeds 

O=Muscii spp. 
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Table 5.1 2  Summary of Prob>F values for cutting height effects on 
pasture cover (by point analysis) for each species in each month 

Species Dec 1 9961 Feb 97 Mar 97 Apr 1 9971 

Jan 1 997 May 1 997 

A.  eapillaris 0 .0899 0.3894 0.3647 0 . 1 076 

A. odoratum 0 .0535 0 .0347 0.0020 0.0001 

Bare 0 .0001 

C. eristatus 0 .2424 0 .5927 0.0248 0.3739 

C. uniflora 0.0041 0 .0 1 35 0.06 1 0  0.0024 

Dead matter 0 .0 1 0 1  0 .01 1 8  0.2477 0.2302 

F. rubra 0 .6473 

Flatweeds 0 .2858 0.0972 0.8905 0 .0054 

H. lanatus 0 .5298 0 .0097 0 .91 89 0.0045 

L. perenne 0 .9242 0 .5976 0 .9939 0 .6069 

L. peduneulatus 0 .5637 0 . 1 53 1  0 .8745 0.0672 

Museii spp. 0.033 1 0 .3496 0.0438 0.0068 

N. setulosa 0 .8088 0 .0342 0 .01 96 0.0023 

Other species 0 . 1 7 1 4  0 .2025 0 .0 1 35 0.0036 

Poa spp. 0 .32 1 0  0.4093 0.3 1 94 0.2 1 58 

Rytidosperma spp. 0 .3797 

T. dubium 0 .9741 0 .4366 0 .5682 

T. repens 0 . 1 530 0 .0086 0.0073 0.0007 
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Figure 5 .2 The effects of cutting height and treading on the % cover of 
five categories of species . •  =A. capil/aris _ = L. perenne 6.= T. repens x = flatweeds 

O=Muscii spp. 
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Dead matter cover was significantly influenced by cutting height in  

December/January and February when there was significantly more dead 

matter present on the short cutting height turves. Bare soil was only present in 

April/May and had sign ificantly more cover on short cutting height turves. 

I n  summary, those species whose cover was increased under the tall cutting 

height regime included A. odoratum, H. /anatus, T. repens and flatweeds .  

Those species whose cover was increased under the short cutting height 

reg ime included C. eristatus, C. un if/ora , Museii spp. , N. setulosa, other species 

and dead matter. 

5. 3. 1 .8. 4  Effect of treading on the cover of individual species. 

The cover of two species was influenced by treading in February; three species 

in March and four  species in April/May (Table 5 . 1 3). 

A. capillaris was sign ificantly influenced by treading in March , when A. capillaris 

had more cover on the trodden turves. C. eristatus was significantly influenced 

by treading in April/May, when C. eristatus also had more cover on the trodden 

turves. H. lanatus cover was significantly influenced by tread ing in February, 

March and April/May. In al l  periods H. lanatus had more cover on the 

untrodden turves. C. uniflora cover was sign ificantly influenced by tread ing in 

March and April/May. I n  both periods ,  C. uniflora had more cover on untrodden 

turves. The appearance of bare soil only occu rred in April/May, when there 

was significantly more bare soil present on the trodden turves. The cover of 

dead matter was significantly influenced by tread ing in February, when there 

was more dead matter present on trodden turves. 

In summary, those species whose cover was increased under the treading 

reg ime included A. capillaris and C. cristatus. The cover of bare soi l  and dead 

matter also increased under th is regime. Those species whose cover 

increased under the no treading regime included H. lanatus and C. unif/ora. 
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Table 5.1 3  Summary of Prob>F values for treading treatment effects on 
pasture cover (by point analysis) for each species in each month 

Species Dec 1 9961 Feb 97 Mar 97 Apr 1 9971 

Jan 1 997 May 1 997 

A.  eapillaris 0 .6 1 89 0 .3284 0.0205 0. 1 422 

A. odoratum 0 .9232 0.9 1 4 1  0.5595 0.7302 

Bare 0.0001 

C. eristatus 0.7263 0 . 1 1 65 0. 5370 0.0 1 58 

C. uniflora 0.5026 0 .5930 0.0295 0.0284 

Dead matter 0 .4761 0.0246 0.8456 0.8406 

F. rubra 0 .8322 

Flatweeds 0.8484 0.2308 0.2704 0 .3801 

H. lanatus 0 . 1 758 0 .0032 0 .01 70 0.0002 

L.  perenne 0.2551 0.2602 0 .7 1 03 0.8297 

L.  pedunculatus 0 .9947 0 .9657 0.7977 0.3540 

Museii spp. 0 .9376 0.6997 0 .8026 0.2062 

N. setu/osa 0 .9347 0 .5768 0 .3679 0.289 1 

Other species 0 .3306 0 .2566 0. 1 27 1  0.3227 

Poa spp. 0 .3256 0.422 1 0 .5288 0.6425 

Rytidosperma spp. 0 .7 1 74 

T. dubium 0 .3733 0.541 5 0.4832 

T. repens 0 .0845 0 . 1 767 0 .4778 0 .07 1 6  
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5. 3. 1 . 8. 5  Significant factor interactions 

I n  December/January, C. uniflora cover was increased by a site by cutting 

height (HN by short) interaction (P = 0.0342) which resu lted in C. uniflora 

contributing to 6% of cover. 

I n  February, A. odoratum cover was affected by site by cutting height by 

treading interactions (P = 0.0325). There was less A. odoratum on HN site by 

short cutting height by treading and H H  site by short cutting height by no 

treading turves , which resulted in A.  odoratum contributing to 1 and 9% of 

cover, respectively. H. /anatus cover was increased by a site by cutting height 

(HH by tal l )  interaction (P = 0.0029) and a site by treading (HH by NT) 

interaction (P = 0.01 52) which both resulted in H. /anatus contributing to 27% of 

cover. Dead matter cover was decreased by site by tread ing (HN by NT and 

HH by NT) interactions (P = 0 .0456) and increased by a short cutting height by 

treading interaction (P = 0.0359) which resulted in dead matter contributing to 

1 ,  4 and 1 6% of cover, respectively. 

In March , H. /anatus cover was increased by a site by treading (HH by NT) 

interaction (P = 0.0060), a cutting height by tread ing (tal l  by NT) interaction (P = 

0.0428) and a site by cutting height by treading (HH by tall by NT) interaction (P 

= 0.00 1 2 )  which resulted in H. /anatus contributing to 28, 1 8  and 41 % of cover, 

respectively. Flatweeds cover was increased by site by cutting height by 

tread ing (LN by tal l  by NT, LN by short by T and HN by short by T) interactions 

(P  = 0.0423), and by site by cutting height (LN by tal l , LN by short and H N  by 

short,) interactions (P = 0.0362) which resu lted in flatweeds contributing to 38, 

37, 33, 32, 26 and 21 % of cover, respectively. Flatweeds cover was decreased 

by a short cutting height by treading interaction (P = 0.01 77) which resulted in 

flatweeds contributing to 9% of cover. C. unit/ora cover was increased by site 

by cutting height by tread ing (HN by short by NT and H H  by tal l  by NT) 

interactions  (P = 0.04 1 8) wh ich resulted in C. unit/ora contributing to 20 and 

1 4% of cover, respectively. N. setu/osa cover was increased by a site by 

cutting height (HN by short) interaction (P = 0.0022) and a site by cutting height 
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by treading (HN by short by T) interaction (P = 0.01 81 ) wh ich resulted in N. 

setulosa contributing to 6 and 1 0% of cover, respectively. 

In April/May, A. capillaris had less cover on HN site by short cutting height 

turves (P = 0.0240) and more cover on tal l cutting height by tread ing turves (P = 

0.01 35) resulting in A. capillaris contributing to 4 and 1 9% of cover, 

respectively. H. lanatus cover was increased by a site by tread ing (HH by NT) 

interaction (P = 0.0076) and a site by cutting height by tread ing (HH by tal l  by 

NT) interaction (P = 0.01 57) which resulted in H. lanatus contributing to 21 and 

29% of cover, respectively. L. perenne cover was increased by site by cutting 

height (HH by short, HN by tal l and HH by tal l )  interactions (P = 0.0089) wh ich 

resulted in L. perenne contributing to 20, 1 6  and 1 5% of cover, respectively. 

Flatweed cover was increased by a site by cutting height (LN by tal l )  (P = 

0 .0034) interaction ,  and a site by cutting height by treading (LN by tal l  by NT) 

interaction (P = 0.0396) wh ich resu lted in f1atweeds contributing to 34 and 41 % 

of cover, respectively. F latweeds cover was decreased by a cutting height by 

tread ing (short by NT) interaction (P  = 0.0 1 37)  which resulted in f1atweeds 

contributing to 8% of cover. C. uniflora cover was increased by a site by 

treading (HN by NT) interaction (P = 0 .01 88) which resulted in it contributing to 

1 6% of cover. N. setulosa cover was increased by site by cutting height (HN by 

short and HH by short) interactions (P = 0.0 1 43) ,  site by treading (HH by NT 

and HN by T) interactions (P = 0.0003) and site by cutting height by tread ing 

(HN by short by T and HH by short by NT) interactions (P = 0.01 1 4) which 

resulted in N. setulosa contributing to 1 5, 1 4, 1 7 , 1 2 , 25 and 22% of cover, 

respectively. Dead matter cover was increased by a LN site by short cutting 

height interaction (P = 0 .0071 ) which resulted in it contributing to 1 2% of cover. 

Bare soil was increased by a site by cutting height (HH by short) interaction (P 

= 0.000 1 ), a site by treading (HH by T) interaction (P = 0 .0001 ), a cutting height 

by treading (short by T) interaction (P = 0.0001 ) and a site by cutting height by 

tread ing (HH by short by T) interaction  (P = 0.0001 ) which resulted in bare soil 

contributing to 5, 5, 4 and 1 0% of cover, respectively. 
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5.3.1. 9 Functional Groups 

5. 3. 1 .9. 1  Dry matter production from functional groups 

A.  capillaris production increased sl ightly from January to February, then 

decreased to a low of 6 .53 kg OM/ha/day in May (Table 5 . 1 4). High fertil ity 

responsive grass production also increased from January to February, then 

decreased again in Apri l .  Low ferti l ity tolerant grass production a lso increased 

from January to February, then decreased to a low of 3 .91  kg OM/ha/day in 

May. L. perenne production fol lowed the same pattern as low fertil ity tolerant 

g rasses and reached a low of 2 .74 kg OM/ha/day in May. Other legumes 

production decreased from January to April and then increased to higher than 

in itial January levels in May (0.77 kg OM/ha/day). Other species production 

i ncreased steadily from January through to May, T. repens production 

decreased from January to April and then increased again to 1 .36 kg 

OM/ha/day. Flatweed production fluctuated , having peaks of dry matter 

production in February and May, with the greatest production of f1atweed dry 

matter occurring in May. 

5.3. 1 . 9.2 Effect of site onfunctional groups 

I n  January, the abundance of high ferti l ity responsive grass and other species 

g roups was significantly infl uenced by site (Table 5 . 1 5). H igh ferti l ity 

responsive grasses were most abundant on HH turves (HH > LN � HN)  and 

other species were most abundant on HN turves (HN > LN � HH) .  In February, 

the abundance of high fertil ity responsive grasses, L.  perenne, other species 

and f1atweeds were significantly influenced by site . H igh fertil ity responsive 

grasses were most abundant on HH  turves (HH > HN � LN), L. perenne was 

most abundant on HN turves (HN > HH � LN), other species were most 

abundant on HN turves (HN > H H  with LN intermediate), and f1atweeds were 

most abundant on LN turves (LN > HN z H H ). I n  Apri l ,  the abundance of other 

legumes, other species and f1atweeds were significantly influenced by site 

effects. Other legumes abundance was greatest on H N  turves (HN > LN � HH) ,  

other species abundance was also greatest on HN turves (HN > HH  > LN)  and 
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f1atweeds were most abundant on LN turves (LN > HN > HH) .  I n  May, l ike 

February, the abundance of high fertil ity responsive grasses, L. perenne, other 

species and f1atweeds was influenced by site effects. H igh ferti l ity responsive 

grass abundance was greatest on H H  turves (HH > HN ;;:: LN) ,  L. perenne 

abundance on the HN turves (HN > HH  ;;:: LN), other species abundance on the 

HN turves (HN � HH > LN) and f1atweeds on the LN turves (LN > HN > H H ). 

Table 5. 1 4  Dry matter production (kg OM/ha/day) from functional groups. 
HFRG represents h igh fertil ity responsive grasses, LFTG represents low 
ferti lity tolerant grasses, OL represents other legumes and OS represents 
other species. 

Functional January 97 February 97 April 97 May 97 

group 

A. capillaris 1 9 .29 1 9.49 1 0 .63 6 .53 

H FRG 4.22 7 .34 5.04 5.27 

LFTG 1 0 .00 1 4 . 1 9  5 .56 3 .91  

L .  perenne 4.75 5.69 2 .82 2 .74 

OL 0.60 0 .58 0.38 0.77 

os 5.76 6 .32 7 .34 9 .37 

T. repens 4.86 2 .29 0.98 1 .36 

Flatweeds 4.77 6 .78 3.87 8 .64 

SEM 1 . 1 22 1 .349 1 .028 1 .366 

Prob > F 0 .0001 0.0001 0 .000 1 0 .0001 
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Table 5. 1 5  Summary of Prob > F values (dry matter production (kg 
OM/ha/day» for functional groups for 3 sites in 4 months .  

Functional January 97 February 97 April 97 May 97 

group 

A. capillaris 0 .4725 0.41 7 1  0.2331 0 .3475 

HFRG 0 .0 1 60 0.0291 0. 1 69 1  0.01 2 1  

LFTG 0 .3061 0 . 1 408 0.9083 0 .7498 

L. perenne 0 .0729 0.0483 0 . 1 1 51 0.0088 

OL 0 . 1 955 0.2305 0.0446 0.0726 

os 0.01 78 0 .01 82 0.0022 0 .0022 

T. repens 0 . 1 5 1 3  0.2633 0.2974 0.78 1 7 

Flatweeds 0 . 1 968 0.0002 0.0003 0.0330 
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5. 3. 1 . 9. 3  Effect afcutting height on functional group abundance 

I n  January, the abundance of A. capil/aris, low fertil ity tolerant grasses and L.  

perenne was sign ificantly influenced by cutting height (Table 5 . 1 6) .  Each of 

these three functional groups was more abundant on the tal l  cutting height 

turves. In  February, the abundance of h igh fertil ity responsive grasses, low 

ferti l ity tolerant grasses and L. perenne was significantly influenced by cutting 

height. Again,  all three functional groups were more abundant on tal l  cutting 

height turves . In Apri l ,  the abundance of A. capillaris, high fertil ity responsive 

grass, low ferti l ity tolerant grass, L. perenne and T. rep ens functional g roups 

was significantly influenced by cutting height. All five functional groups were 

more abundant on tall cutting height turves. The same functional groups were 

sign ificantly influenced by cutting height in May. They too were more abundant 

on tall cutting height turves. 

5.3. 1 .9.4  Effect of treading onfunctional group abundance 

No functional groups were influenced by tread ing in January (Table 5 . 1 7) .  I n  

February ,  the abundance of the high fertil ity responsive grass functional group 

was sign ificantly infl uenced by tread ing. This group was more abundant on the 

untrodden turves . In Apri l ,  the T. repens functional group was significantly 

more abundant on the trodden turves. I n  May, the h igh fertil ity responsive 

grass, L. perenne and other species functional groups were significantly more 

abundant on untrodden turves. The flatweeds functional group was most 

abundant on the trodden turves. 
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Table 5.1 6  Summary of Prob > F values (dry matter production (kg 
OM/ha/day)) for functional groups for 2 cutting heights in 4 months. 

Functional January 97 February 97 April 97 May 97 

group 

A. capillaris 0 .0309 0 .0506 0.01 84 0.0269 

H FRG 0.6600 0.0099 0.01 64 0.0288 

LFTG 0 .0001 0.0001 0.0001 0.0006 

L. perenne 0.001 8 0.0022 0.0001 0.0026 

OL 0.4050 0.2905 0.7767 0 .71 1 9  

os 0 . 1 298 0 .7340 0 . 1 451  0.0862 

T. repens 0 . 1 544 0.2247 0.0007 0.0045 

Flatweeds 0 .0862 0.683 1 0.59 1 8  0 . 1 098 

Table 5. 1 7  Summary of Prob > F values (dry matter production (kg 
OM/ha/day)) for functional g roups for 2 treading treatments in  4 months. 

Functional January 97 February 97 April 97 May 97 

group 

A. capillaris 0.4042 0 .63 1 9  0 .40 1 6  0.0983 

H FRG 0 .2734 0 .01 27 0.0533 0.0472 

LFTG 0 .5879 0 . 1 652 0.853 1 0.906 1 

L. perenne 0.8789 0.35 1 4  0.7038 0.0309 

OL 0.9954 0 .4786 0.8424 0. 1 374 

os 0.8775 0 .9726 0 .3775 0 .0 1 70 

T. repens 0.2721 0 .2886 0.0067 0 .2469 

Flatweeds 0.629 1 0 .81 1 4  0 . 1 79 1  0 .0469 
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5. 3. 1 .9.5  Significant interactions which influenced the abundance o//unctional groups 

I n  February, high ferti lity responsive grass abundance was increased by the 

fol lowing interactions: H H  site by tal l  cutting height (P = 0.001 5) ,  HH site by no 

treading (P = 0.01 62), tall cutting height by no treading (P = 0.01 89) and H H  

s ite by tall cutting height by no tread ing ( P  = 0.0006) which resulted i n  the h igh 

fertil ity responsive functional group contributing to 1 1 ,  1 2 , 8 and 1 7% of cover, 

respectively. L. perenne functional group abundance was also increased by a 

tall cutting height by no treading interaction in February (P = 0.0070) which 

resulted in it contributing to 1 2% of cover. In Apri l ,  the abundance of the T. 
repens functional g roup was increased by a tal l  cutting height by tread ing 

interaction (P = 0.0422) wh ich resulted in it contributing to 3% of cover. In May, 

the abundance of the L. perenne functional group was increased by a tall 

cutting height by no tread ing interaction (P = 0.001 0) and a HN site by tall 

cutting height by no treading interaction (P = 0.0481 ) which resulted in the 

L. perenne functional group contributing to 7 and 1 0% of cover, respectively. 

5.3.1.10 Treatment effects on species richness 

It was observed from the December/January and February point quad rat 

analyses, that there were significantly more species on the H N  turves (P = 

0 .002) .  From the Apri l/May quadrat analysis there were sign ificantly fewer 

species present on the LN turves (P = 0.0027). The HN turves sti l l  had the 

greatest species richness, but not significantly greater than the HH turves. 

The cutting height and tread ing factors did not significantly influence species 

richness. 

5.3. 1.11 Species richness versus dry matter accumulation 

There was no sign ificant relationship between species richness and dry matter 

accumulation when data was pooled over all months of the experiment and 

over al l  turves, nor when the relationship between species richness and d ry 

matter accumulation was examined for each month . 
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5.3. 1.12 Leaf extension and dry matter accumulation 

Only the T. repens functional group showed a sign ificant relationship between 

leaf extension and dry matter accumulation (P = 0.01 50) (data averaged for 

February, April and May 1 997). The relationship was negative (correlation 

coefficient = -0 .402 1 ). Of the remaining four functional g roups tested for the 

relationsh ip  (Iow ferti l ity tolerant g rasses, high ferti l ity responsive grasses, A. 

capillaris and L. perenne), the relationship was found to be positive, but non­

significant. 

Leaf extension was a lso regressed with dry matter accumulation for each 

functional group under each treatment to see if the relationship d iffered under 

the treatments. Significant relationships between leaf extension and dry matter 

accumulation were found for T. repens on the HN turves (P = 0.03 1 4 ,  R2 = 

38%), T. repens on the tall cutting height turves (P = 0.0064, R2 = 38%) and T. 
repens on the trodden turves (P = 0 .0285, R2 = 27%). 

5.3.1. 13 Tiller number and dry matter accumulation 

Relationsh ips between tiller number and dry matter accumulation (Table 5 . 1 8) 

were only observed on the HH turves in Apri l ,  HN turves in January, LN turves 

in January and February, tal l  cutting height turves in Apri l  and May, short 

cutting height turves in February and Apri l ,  trodden turves in  January, February 

and Apri l  and the untrodden turves in February and Apri l .  

In  April , 5 of the 7 treatments showed a significant relationship between ti l ler 

number and dry matter accumu lation .  The HN and LN treatments were the two 

exceptions .  
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Table 5.1 8 Significance and fit of regression (R2 and S lope) between ti l ler 
density and dry matter accumulation for 5 months for each treatment. 

Site Cutting height Treading 

HH  H N  LN Tal l  Short T NT 

January 

Prob > F 0 .0522 0 .0331 0.0054 0 . 1 550 0 . 1 565 0.0008 0.0671 

R2 33 38 56 1 2  1 2  5 1  1 9  

Slope +1 .0 + 1 . 5  +0 .5 +0.4 +0.4 +0 .7 +0.6 

February 

Prob > F 0 .0544 0.2247 0.0020 0. 5004 0.0002 0 .01 54 0 .0001 

R2 32 1 4  63 3 60 3 1  72 

Slope +0.5 +0 .5 +0.9 +0.2 +0.9 +0.9 +0 .8  

March 

Prob > F 0.42 1 1 0. 5394 0 . 1 91 1 0 .393 1 0.5007 0 . 1 862 0 .5433 

R2 7 4 1 6  5 3 1 1  2 

Slope -47 .6  +61 .0 -31 7 .2 -3 1 .5 +65.6 -1 09.6 -36 . 1  

April 

Prob > F  0.0001 0.2051 0.0572 0.01 1 7  0.0025 0.0003 0 .01 06 

R2 83 1 6  32 34 45 57 34 

Slope +0.9 +0 .6  + 1 .0 +0.7  +0.6 +0.7 +0.7 

May 

Prob > F 0.081 9 0 .2673 0 . 1 273 0.0305 0.7832 0.0595 0.688 1 

R2 27 1 2  22 26 0 .5 20 1 

Slope -0 .7 +0.7  +0 .3  +0 .5  +0 . 1  +0.4 -0. 1  
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5.4 Discussion 

5.4. 1 Species responses to appl ied factors over time 

5.4. 1. 1  Site/actor 

1 09 

The soil nutrient concentration of the turves (December 1 996) showed that the 

H H  turves were significantly more fertile than either the LN or HN turves (Ca, 

Olsen P and S) .  Though fertility was general ly sl ightly higher on the HN turves, 

they had similar fertil ity to the LN turves ,  despite having had d ifferent 

management imposed on them over the last 20 years, and as a result having 

qu ite different relative abundance's of individual species and plant structures.  

The turves basically had the same species present, with a few exceptions. In  

the analysis of species richness there were significantly more species present 

at the start of the experiment on the HN turves and significantly fewer species 

present on the LN turves at the end of the experiment. The d ifference in 

species richness that made them significantly less or greater, was only a 

change in one or two species. On some turves some species were present in 

such smal l  quantities, that they appeared to be absent from the sward in the 

botan ical analyses. For example C. unif/ora, N. setu/osa, Poa spp. and T. 

dubium on the LN turves; F. rubra on the HN turves and F. rubra , L. 

peduneu/atus, Museii spp. and T. dubium on the HH turves. 

The absence of these species described above on the particular treatment 

tu rves indicated they were either averse to the conditions present on the turves, 

or they were not present on the turves in great abundance at that time in the 

season . There may have been seasonal effects influencing the abundance of 

the annual T. dubium. It was present on al l  the turves in the May sample, but 

only on the HN turves in the January samples. That C. uniflora was not present 

on the LN turves at any time in the season indicated that the low fertil ity 

conditions and management that had been imposed on the LN turves were not 

conducive to C. unif/ora growth . Museii spp. showed the opposite pattern and 

- -- -------
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were present on the LN and HN turves, but not the HH  turves. Flatweeds 

showed the same pattern as Muscii spp . ,  but in a more clearly defined manner 

because of the overal l  greater abundance of flatweeds. The abundance of 

flatweeds decreased markedly from LN to HH  turves, with HN turves being 

intermed iate. This g roup of species, with its very distinctive d istribution ,  may be 

useful as an ind icator species. To define exactly what the abundance of 

flatweeds is ind icating is difficult, as there are not just fertil ity effects involved , 

though this may be a leading contributing factor. The remnant effects of the 

management (e .g .  stocking rate and grazing system used) imposed could also 

affect the abundance of flatweeds. However, as a general  ind icator of nutrient 

status and intensity of g razing,  flatweeds abundance may be of some use. 

H. lanatus was significantly more abundant on the HH turves than either the LN 

or HN turves, but the HN turves had less H. lanatus than the LN turves. This 

would not be expected if the response was primarily due to ferti l ity as the HN 

turves were slightly more ferti le than the LN turves. Again th is i l lustrates that 

the management factors rather than ferti l ity alone were having an influence on 

the abundance of some species. There was a change in the abundance of A. 

capillaris as the season progressed . A. capillaris was much more abundant in 

the January pasture d issection than in May. Th is may have been due the 

abi l ity of A. capillaris to increase in abundance in moist summer conditions 

( refer Chapter 6) and become dominant in the sward . 

5.4. 1.2  Cutting height factor 

The cutting heights sign ificantly influenced the abundance of A.  capillaris, A .  

odoratum and L.  perenne in  January and A. capillaris, A .  odoratum, dead 

matter, L. perenne, Poa spp. and T. repens after 4 months of treatment (May). 

That the abundance of more species were infl uenced by cutting height at the 

end of the experiment than the start, was probably due to the treatment 

requ i ring a long period of time for the individual species to respond to it. 
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L. perenne, A .  odoratum, and A. capillaris were al l  found to be more abundant 

on the tall cutting height turves, and of these. species, A.  capillaris was most 

abundant. Studies carried out by Harris and Thomas ( 1 972) comparing the 

growth of L. perenne and A. capillaris in d ifferently grazed swards showed that 

under lax grazing (8 cm cutting height), L. perenne was a lways more abundant 

and more competitive than A. capillaris. L. perenne usual ly dominated 

A. capillaris in a sward by being much faster growing in the establ ishment 

phase and by having a tal l  erect growth habit which enabled L. perenne to 

intercept more l ight. The period of pasture establishment had passed in the turf 

swards and over time the management cond itions imposed (usual ly short 

grazing by sheep) had favoured A. capillaris growth (Lambert et al. 1 986a) .  

This resulted in a greater abundance of A. capillaris than L. perenne in the 

sward , which remained when the cutting height treatments were imposed . The 

levels of A.  capillaris and L. perenne i n  the sward were simi lar i n  the second 

pasture d issection in May and th is may be indicative of A. capillaris being a 

winter dormant species. That 24 of the 36 turves had similar, low fertil ity levels 

(LN and HN turves had similar nutrient composition) may have influenced the 

comparison of A. capillaris and L. perenne abundance when averaged over all 

turves. A. capillaris is a low fert i l ity tolerant grass species (Lambert et al. 

1 986a) and is capable of sustaining growth in low fertil ity environments, unl ike 

L. perenne which is more responsive to high ferti l ity situations (Lambert et al. 

1 986a). Because of the greater numbers of low fertil ity turves , it was l ikely that 

most would be A. capillaris dominant. 

By the end of the experiment (May), dead matter was Sign ificantly more 

abundant on the tall cutting height turves. It appeared that the amount of dead 

matter on the short cutting height turves had decreased rather than dead matter 

on the tal l  cutting height turves increasing. I n  January, dead matter accounted 

for 22 and 23% of total cover on the short and tal l  cutting height turves, 

respectively. I n  May, dead matter accounted for 7% on the short cutting height 

turves and 26% on the tall cutting height turves. From the fu l l  pasture 

d issection ,  dead matter was found to be more abundant under the tal l  cutting 
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height treatment, but from the point analysis, dead matter cover was greater 

under the short cutting height treatment. This confl icting result was probably a 

result of the point analysis techn ique for estimating the cover of particular 

pasture components. Most dead matter occurs in the base of a sward , hence if 

the pasture was 
'
short, live plant material was in the same strata in the sward as 

dead material , and its contribution to cover can be estimated . I n  taller swards, 

dead matter content is often underestimated because the need le rarely gets to 

a depth in the sward where most dead matter is present, without hitting a l ive 

plant specimen first. Therefore , the pasture dissection data was more l ikely to 

be representative of the amount of dead matter in the sward . 

Abundance of T. repens was less in May than in January, but in May, the tall 

cutting height turves had significantly more T. repens dry matter than the short 

cutting height turves. The short cutting height resulted in significantly greater 

ti l ler numbers ,  resulting in a much denser sward than the tall cutting height 

turves. More open swards (as with the tal l  cutting height) enabled T. rep ens to 

colonize through lateral spread of stolons into gaps in the sward (Lambert et al. 

1 986a). Very tal l  swards are not entirely conducive to T. repens growth either, 

as more erect plants shade the prostrate T. repens. 

The greater abundance of Poa spp. on the tal l  cutting height turves in May, may 

have been due to the same reasons as T. repens abundance. Poa annua 

requires gaps in the sward in order to establ ish (Grime et al. 1 988) and on the 

short cutting height turves, the sward was probably too dense for this to occur. 

Also, Poa spp. have an erect g rowth habit (Grime et al. 1 988) which enables 

them to compete well with lower growing species in the tal l  cutting height 

turves . 

5.4.1.3 Treadingfactor 

Tread ing had no significant influence on the abundance of any species in the 

January pasture d issection . This was most l ikely due to the treatment having 

been appl ied for only a short period of time and any influence of tread ing may 
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not have been apparent at this stage. After 5 months of tread ing , C. uniflora ,  F. 

rubra, H. lanatus and L. perenne were sign ificantly (P<0 .05) less abundant 

than on the trodden turves. 

H. lanatus was described by Grime et al. ( 1 988) as being intolerant of close 

grazing and heavy trampling due the species having lax ti l lering and relatively 

few shoot buds .  The shoots of H. lanatus were also erect, which when 

combined with the fact that the species has few shoot buds, makes them 

susceptible to treading damage. Hence its greater abundance under the no 

tread ing treatment. H. lanatus was the pasture species least tolerant of 

treading of the 10 tested by Edmond ( 1 964). 

C. uniflora abundance was negatively infl uenced by the treading treatment. 

Work has been carried out by Harrington and Rahman ( 1 998) on C. uniflora 

resistance to herbicide and by Sykes and Wilson ( 1 990) on the burial of the 

species in sand dunes, but relatively l ittle is known about this species in  

pastures and how i t  responds to management changes. This experiment 

showed that it was more abundant on the untrodden turves, ind icating that it is 

a tread ing intolerant species . This would be expected as it is a native species 

of New Zealand and has evolved in an environment of very l ittle, if any, 

tread ing.  

The negative effect of treading on L. perenne abundance was consistent with 

the resu lts of work carried out by Edmond ( 1 964). L. perenne is often 

described as being tolerant of trampl ing and grazing (Grime et al. 1 988). This 

statement needs to be quantified somewhat. There are two main responses of 

plants to such a stress as treading . They are resistance to the treading and 

resil ience.  Resistance is the abi l ity of a plant to keep functioning whi lst being 

influenced by a stress and is synonymous with the term tolerance. Resil ience 

on the other hand is the abi l ity of a plant to recover after the stress has been 

removed . Davis et al. ( 1 994) described L. perenne as being a resil ient rather 

than resistant species under water stress. It appeared that the treading stress 
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also reduced yield , i ndicating that L. perenne was not resistant to treading. The 

recovery of L.  perenne following the tread ing stress is d iscussed in more detai l  

in Chapter 6. 

5.4. 1.4 Factor interactions 

Species that showed sign ificant interaction effects in the months where fu l l  

pastu re dissections were carried out (January, February, April and May) 

included Rytidosperma spp., H. lanatus, L. perenne , Muscii spp., dead matter, 

C. cristatus, T. repens, N. setulosa and C. uniflora. H. lanatus showed 

sign ificant interactions in three of the four months and L. perenne in two of the 

four months. Al l other species interactions were specific to one month . 

H. lanatus consistently showed the same interactions .  The abundance of H. 

lanatus was promoted on HH by no tread ing,  HH by tal l  cutting height ,  tal l  

cutting height by no tread ing and HH  by tal l  cutting height by no treading 

treatments .  From this information we can surmise that H. lanatus growth was 

most su ited to an environment of h igh fertility, moderate defoliation height and 

no tread ing.  This is supported by Grime et al. ( 1 988) who stated that H. lanatus 

was not tolerant of close grazing or heavy trampling. 

L. perenne abundance was increased on turves where both the tal l  cutting 

height and no treading occurred . These conditions su ited L. perenne because 

of its erect growth habit. It was able to dominate in a tall sward and increase 

l ight interception at the expense of other species. Absence from tread ing 

preserved ti l ler numbers and leaves were not physical ly damaged , hence l ight 

interception and photosynthesis were maximized . A three way interaction 

between HN by tal l  cutting height by no tread ing also occurred . Grime et al. 

( 1 988) describe L. perenne as having h igh nutrient requirements , and as being 

highly productive on fertile soils. From this, the ideal conditions for L. perenne 

would be expected to be H H  by tal l  cutting height by no treading , but this does 

not appear to be the case for the turves . 
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I n  January, Rytidosperma spp. were more abundant on HN by trodden and HH  

by  untrodden turves . This indicated that under low ferti l ity conditions (HN site), 

tread ing increased abundance and under high fertil ity cond itions, Rytidosperma 

spp. abundance was greater when there was no tread ing.  Rytidosperma spp. 

are low fertility tolerant grass species (Lambert et al. 1 986a), hence they were 

capable of growth on the H N  turves. Tread ing may have caused enough gaps 

in the sward to reduce competition from other species and al lowed 

Rytidosperma spp. to increase in abundance. Under high ferti l ity cond itions 

(HH), ti l lering of Rytidosperma spp. probably increased . Absence from treading 

meant that til ler numbers were not reduced through direct damage to the plant, 

hence abundance of Rytidosperma spp. was increased . 

Muscii spp. were responsive to a three way interaction (LN by tal l  cutting  height 

by no tread ing) ,  which increased their abundance. I n  earl ier hi l l  pasture 

surveys (see Chapter 3), Muscii spp. were found to be most abundant u nder 

low fertil ity cond itions. Due to their low growth habit, a tal l  defol iation height 

meant that only a small proportion of their biomass was removed at each cut. 

Treading would have created gaps in the sward and al lowed other  more 

competitive species to grow into these gaps, hence reducing the abundance of 

Muscii spp. 

Dead matter was most abundant on the HN by treading and LN by no tread ing 

turves in February. This d ifference in the effects of treading is d ifficu lt to 

explain as the HN and LN turves had similar ferti l ity. One explanation cou ld be 

that it was not a fertil ity by tread ing interaction but a past history by tread ing 

interaction .  The h istories imposed on the HN and LN sites may have resulted 

in d ifferent species compositions developing . A combination of species that 

were not tolerant to treading may have developed on the HN turves and those 

tolerant to tread ing on the LN tu rves. 

I n  Apri l ,  C. cristatus was most abundant on LN , un-trodden turves . Lam bert et 

al. ( 1 986a) described C. cristatus as being a low fertil ity tolerant grass, and 
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Grime et al. (1 988) stated that it had a marked restriction to heavily g razed 

short tu rf, indicating that was relatively intolerant of treading . T. repens 

abundance was greater on the tall cutting height and trodden turves. The tall 

cutting height meant that T. repens was defoliated very l ittle, due to its prostrate 

growth habit. Tread ing enhanced the abundance of T. repens in the sward by 

creating gaps which T. rep ens stolons could colonize (Lambert et al. 1 986a). 

N. setulosa was most abundant in Apri l  on HN by short cutting height, HN by 

trodden and HN by short cutting height by trodden turves. This ind icated that 

the cond itions most su itable for N. setulosa growth in April were low to 

moderate fertil ity, short defol iation height and tread ing. N. setulosa has a very 

prostrate g rowth habit and therefore very l ittle material would be removed under 

short defol iation . The short cutting height would have removed more erect and 

competitive species al lowing N. setulosa to intercept more l ight. The treading 

would al low N. setulosa to act in a simi lar manner to T. repens, by enabling it to 

colonize gaps in the sward . 

I n  May, C. uniflora was most abundant under tal l  cutting height by no treading 

and HH by tal l cutting height by no tread ing conditions. C. uniflora is a native 

species of New Zealand which has evolved under conditions with no g razing,  

hence i t  would be expected to be more abundant when treading was not 

present. C. uniflora also appeared to be a rather erect species and when left 

uncut, tended to g row reasonably tal l ,  however most of the material under a lax 

cutting height would be stem rather than leaf. Little is known about the 

conditions conducive to C. uniflora growth. It is, however, co�monly found in 

sand dunes which would tend to have low ferti l ity. I n  this experiment it 

appeared that C. uniflora growth was responding to high ferti l ity when combined 

with the effects of lax cutting height and no tread ing. 
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5.4.2 Dry matter accumulation 

5. 4.2. 1 Sites 

D ry matter accumulation on the turves was significantly d ifferent between sites 

in December, March and May. In these 3 months, the HH turves produced 

sign ificantly more dry matter than any other. I n  March the HH  turves produced 

the most, the HN turves the least and the LN turves were intermed iate. The H N  

turves and L N  turves were not significantly d ifferent in terms of chemical ferti l ity, 

so some other factor must have been influencing dry matter accumulation in 

March. I t  may have been that d ifferent species were present on the LN and H N  

turves as a resu lt of the management histories imposed o n  the sites for the last 

20 years .  There may have been cond itions in March (e.g . hot weather) that 

favoured the species present on the LN turves. Another explanation cou ld be 

that dead matter increased on the LN turves in March (due to summer 

conditions) which resulted in higher levels of dry matter accumulation .  

The reason that HH  turves produced the most dry matter was most l ikely to be 

their high level of fertility which would al low highly productive species such as L. 

perenne to grow uninhibited . 

5.4.2.2 Cutting height 

The short cutting height turves consistently accumulated more dry matter than 

the tal l  cutting height turves . This contradicted the many experiments 

summarized by Harris ( 1 978) that showed more frequent and more intensive 

defol iation resulted in a reduction of herbage d ry matter yield . 

Cutting the pastures to 20 mm meant that prostrate species such as L. 
pedunculatus, N. setulosa and Muscii spp. became included in the harvested 

material ,  whereas with a tall cutting height, this would not occur. This resu lt 

was i l lustrated in the d issection of the cut material harvested . On the short 

cutting height turves, other species contributed 51 .4 kg OM/ha,  but on the tal l  

cutting height turves on ly  1 4.5  kg DM/ha was contributed by other species. 
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The tall cutting height would a lso resu lt in the shading of less erect g rowing 

species, resulting in their decreased growth . This appeared to have occurred 

for some members of the other grasses group (al l grass species present except 

L. perenne).  For the tall cutting height treatment, other grasses contributed 79 

kg OM/ha, but for short cutting , other grasses contributed 1 20.6 kg OM/ha. The 

other grass group may have been less competitive for the tal l  cutting height. 

Under short cutting there wou ld have been more available l ight for al l  species in 

the sward strata to intercept hence increasing overal l  dry matter accumulation 

on the turves. 

5.4.2.3 Treading 

Treading d id not sign ificantly influence herbage accumulation in any month . 

Herbage accumulation rate was actual ly higher on the trodden turves in 

December and May, but less on the trodden turves in the remaining months. 

This result occu rred because the tread ing treatment may not have been intense 

enough .  A balance between competition restricting growth on the untrodden 

turves and increased gaps in the sward of the trodden turves in which species 

could colonize may have occurred resulting in similar herbage accumulation 

rates under both treatments. 

5.4.3 Ti l lers 

5.4.3.1 Sites 

I n  al l  months of the experiment, except January, ti l ler numbers were 

significantly greater on the high fertil ity turves. Matthew et al. ( 1 988) in a 

survey of lowland pasture fou nd that ti l ler density of some species (e .g .  L. 

perenne) increased with increasing ferti l ity and the ti l ler density of other species 

(e .g .  A. odoratum) decreased . Lambert et al. ( 1 986b) noted that L. perenne 

ti l ler density was g reater under high fertil ity than low fertil ity cond itions ,  but ti l ler 

weight was less under high ferti l ity cond itions.  Other grasses (e .g . A. capil/aris, 

A. odoratum, C. cristatus, F. rubra and Rytidosperma spp. (Iow ferti l ity tolerant 

g rasses) and H. lanatus and Poa spp. (high fertil ity responsive grasses) 

(Lambert et al. 1 986b) ti l lers were heavier in low ferti l ity pasture than h igh 
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fertil ity pastures. Accord ing to Bircham ( 1 981 ) where ti l lers are large, there are 

usual ly fewer of them than for smaller ti l lers . That is ,  there is a negative 

relationship between ti l ler density and ti l ler weight. Lambert et al. ( 1 986b)  also 

found that density of other clover plants was greatest on low fertil ity pastures ,  

as was moss. The density of T. repens nodes was greater under high fertil ity 

conditions. A. capillaris was the most abundant species present on the HH 

turves in January ,  hence its til lering response to fertil ity would contribute 

greatly to total t i l ler  numbers on the HH turves. 

5.4.3.2 Cutting height 

Til ler density was significantly greater on the short cutting height turves 

throughout the experiment. B ircham ( 1 981 ) found that at high herbage mass 

(e.g. as on the tall cutting height turves) ti l lers were large, but few. At low 

herbage mass (e.g .  as on the short cutting height turves) ti l ler numbers were 

greater, but ti l lers were smaller. Til ler weight was not measured on the turves, 

but according to B ircham's ( 1 981 ) find ings it wou ld have been less per ti l ler on 

the short cutting height turves. This size/density relationship for ti l lers is 

determined by the amount of l ight penetrating to ground level .  Rate of leaf 

appearance and therefore rate of ti l ler development is strongly infl uenced by 

the amount of l ight reaching the base of grass ti l lers (Mitchel l and Coles, 1 955) .  

I n  a short sward therefore, where l ight interception is h igh at the base of grass 

ti l lers, many ti l lers are produced , but competition between plants is strong 

hence their ti l lers are smal l (Smetham, 1 994) .  Under tal l  cutting height 

treatment, shad ing reduced the amount of l ight penetrating to ti l ler bases, 

reducing til leri�g rates. The til lers that survived because they were tal l ,  g rew 

large due to reduced intra-plant competition for nutrients . 

5.4.3.3 Treading 

Treading only significantly influenced til ler density in May 1 997 when ti l ler 

numbers were greater on the untrodden turves. Many species reduce growth 

rates or cease growing in the winter months, which might explain the decrease 

in til ler density per m2 on both the trodden and untrodden turves in May. This 

reduction in growth rate would mean that any til lers damaged physical ly by the 
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tread ing treatment wou ld not be replaced , resulting in  s ignificantly fewer t i l lers 

on the trodden turves. 

5.4.4 Ti l ler  density and dry matter accumulation 

The relationship  between tiller density and d ry matter accumulation was qu ite 

variable between months and treatments. For example, in March , none of the 

seven treatments exhibited a significant relationship  between ti l ler density and 

d ry matter accumulation, but in  Apri l ,  five of them did (HH site, tal l  and short 

cutting height and treading and no treading) .  There appeared to be no defined 

pattern as to which treatment exhibited a significant relationship between t i l ler 

density and dry matter accumulation . When it d id occur significantly, it occurred 

most frequently on the trodden turves (in three of the five months). Treading 

had the effect of reducing ti l ler density by physical ly damaging plant g rowing 

points.  This in turn reduced the amount of d ry matter produced . 

These resu lts suggest in genera l ,  that management imposed on a pasture often 

resu lts in changes in ti l ler density and dry matter accumulation and that the 

relationship between these two factors is positive. Management's imposed , 

therefore,  need to take into account the effect on ti l ler density in order to 

maintain high levels of production. Tread ing , for example, was shown in  this 

experiment to reduce til ler density, resu lting in decreased dry matter 

accumulation .  The compensatory effect of  increased ti l ler s ize when ti l ler 

numbers are smaller also needs to be considered . I n  this experiment, the tal l  

cutting height resulted in decreased ti l ler density, but according to Bircham's 

( 1 981 ) find ings ti l ler size increases where ti l ler density is decreased . This may 

explain why there was a significant relationship between tiller density and dry 

matter accumulation on the tall cutting height turves in two months (April and 

May) but the relationship was qu ite weak (R2 values of 34 and 26% 

respectively). 

Til ler density was also sign ificantly greater on the HH turves. A sign ificant 

relationship  between ti l ler number and dry matter accumulation only occurred 
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on the HH turves in Apri l .  This suggested that perhaps there was a maximum 

ti l ler density beyond which dry matter accumulation was not increased because 

of the effects of increased competition .  There may be a significant relationship 

between ti l ler number and dry matter accumulation up to a certain ti l ler density 

and then d ry matter accumulation plateaus. In Apri l ,  the ti l ler density on the H H  

turves may have been low enough to sti l l  be increasing dry matter 

accumulation ,  but why this only occurred in April is unknown. 

5.4.5 Leaf extension rates 

5.4.5. 1 Sites 

The site from which the turves were removed only had a significant effect on 

leaf extension rate in Apri l  and May. In  Apri l , leaf extension rate was 

significantly lower on the LN turves and in May leaf extension was lowest on the 

LN turves, highest on the HH turves and intermed iate on the HN turves .  The 

effect of s ites may not have become apparent until April and May due to 

conditions in earl ier months that may have over-ridden the site effects. Soi l 

moisture i n  Febru ary and March may have been the factor control l ing leaf 

extension rates, as there was no significant difference between sites in these 

months (a = 5%). Turner and 8egg, ( 1 978) stated that leaf extension rate was 

the most sensitive plant morphologica l  response to water deficit. No d ifference 

between the leaf extension rate of the turves in the summer, suggested that soil 

moisture levels were similar on al l the turves and resulted in al l  turves having 

similar average leaf extension rates .  Shoot height was found by de Kroon and 

Knops ( 1 990) to increase in graminoid species under higher levels of 

fertil ization ,  indicating that leaf extension also increased under high ferti l ity 

cond itions. The response varied between species however, depending on their 

responsiveness to high levels of fertil ity in genera l .  For example, h igh fertil ity 

responsive grasses (Lambert et al. 1 986a) would be l ikely to respond in a 

d ifferent manner to low ferti l ity tolerant species. 
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5.4.5.2 Cutting height 

Cutting height had a sign ificant influence on average leaf extension rate in 

February, March and May.  In  these months ,  leaf extension was g reater on the 

tal l  cutting height turves. Cutting pastures to 20 mm resulted in more green leaf 

material being removed , hence photosynthetically active material was reduced . 

This meant that the plant was not accumulating photosynthates as qu ickly, 

hence leaf growth rate was reduced . On tal l  cutting height turves , only a smal l  

amount of leaf area was removed and enough photosynthetically active 

material was retained to allow plant growth. There must be an equi l ibrium point 

between the degree of shading that occurs in a tall cutting height sward and the 

amount of leaf material available to intercept incident rad iation .  In short 

swards, interception of l ight would be high, but there may not be enough leaf 

material present to util ize the light .  

5.4.6 Species abundance over time 

5.4. 6.1 Sites 

There were three species whose abundance was significantly infl uenced by site 

effects in all months. These species were L. perenne, f1atweeds and C. 

uniflora. L. perenne was most abundant on HH turves and least abundant on 

LN turves, C. uniflora was most abundant on HN turves and least abundant on 

LN turves and f1atweeds were most abundant on LN turves and least abundant 

on HH turves. 

These results provide more information about the native species C. uniflora. It 

was significantly more abundant on the HN turves, which suggested that the 

management and fertil ity on the HN site provided better conditions for C. 

uniflora growth than either the LN or HH sites. It was u nl ikely that it was simply 

a fertil ity factor as the LN turves had a very similar chemical fertil ity to the HN 

turves, but the LN turves had the least C. uniflora. I t  may have been that the 

area from which the HN turves were removed had environmental conditions 

that su ited C. uniflora growth more than the HH and LN sites. 
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Besides having their abundance influenced by fertility, f1atweeds also grew 

better than  many other species in dry environments because they possess a 

taproot. Hence the presence of f1atweeds may be an ind ication of the site 

being low fertil ity or dry ,  or a combination both factors. 

L. perenne abundance has been shown to increase with increasing ferti l ity, 

a lthough this is not the only factor that increases its abundance . L. perenne 

was particularly resil ient to treading events (Edmond, 1 964) hence its 

abundance is l ikely to increase over time in trodden swards.  

The use of these species as indicators of certain environmental cond itions 

therefore is somewhat l imited because their presence or absence was not just 

determined by one factor. 

5.4. 6.2 Cutting height 

The abundance of three species was significantly influenced by cutting height 

over the experimental period . Unl ike the site effects which influenced certain 

species significantly in al l months (December/January through to April/May), 

cutting height effects were only sign ificant in three months (February, March 

and Apri l/May). The most l ikely cause of this occurrence was that it took longer 

for the cutting height, which began in December, to have an effect on the 

turves, unl ike the site effects which were always present. 

The species sign ificantly affected by cutting height effects were T. repens, N. 

setulosa and A. odoratum. Both T. repens and N. setulosa are prostrate 

species that were identified earlier to be more abundant on short cutting height 

turves. U nder these conditions ,  T. repens and N. setulosa were able to receive 

enough l ight for photosynthesis to occur, unl ike in tall swards where their 

prostrate g rowth habit meant they were shaded by more erect species. 

A. odoratum was the only grass species to be significantly infl uenced by the 

cutting height. Again,  earl ier measurements indicated that its abundance was 
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negatively influenced under short cutting heights. This was supported by Grime 

et al. (1 988) who stated that A. odoratum was sensitive to defol iation .  This 

inabi l ity of A. odoratum to persist under the 20 mm cutting height may be due in 

part to its l imited capacity for til lering and i t  relatively slow growth rate (Grime et 

al. 1 988). 

5.4. 6.3 Treading 

Only the abundance of H. lanatus was significantly influenced by treading over 

time. As with the cutting height treatment, the effect was only significant from 

February through unti l April/May as the treading treatment took time to take 

effect. 

H. lanatus abundance was sign ificantly reduced in these months. H. lanatus is 

intolerant to treading due to the fact that it exhibits lax ti l lering and has relatively 

few shoot buds. 

It is interesting to note that only this species was significantly influenced by the 

treading treatment over time as there were other species in the sward ( i .e .  C. 

uniflora and N. setulosa) which did not evolve under g razed conditions and 

would therefore be assumed to be intolerant of tread ing. This does not appear 

to be the case however as these species appeared to be unaffected by the 

treading treatment from the results of the point analysis. 

5.4.7 Functional groups 

5. 4. 7. 1 Dry matter production 

Of the eight functional groups defined (Chapter 4) ,  two of them (A. capillaris 

and low fertil ity tolerant grasses (LFTG» contributed significantly more to dry 

matter production than any other in the months of January and February. I n  

April and May, the emphasis moved away from the A. capillaris and  LFTG 

groups producing the most dry matter to the OS and flatweeds functional 

groups being dominant. This shift may be due to several factors . As the 

experiment progressed , the factors appl ied (treading and short or tal l  defol iation 
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height) may have changed the sward characteristics such that many of the 

prostrate and spreading species present in the OS group were favoured over 

the grass species in the A. capillaris and LFTG groups. The treading treatment 

for example would have opened up gaps in the sward , and reduced ti l lering of 

the grass species , enabling species such as N. setulosa and C. uniflora to 

colonize gaps. The short cutting height would have reduced the competitive 

advantage of LFTG and A. capillaris functional groups by keeping their leaves 

short and not al lowing them to shade the more low growing species. 

5.4. 7.2 Sites 

Only the HFRG, OS and flatweeds functional groups were sign ificantly 

influenced by site effects in three or more of the four months in which functional 

group abundance was measured . 

That the HFRG functional  group was significantly more abundant on HH  turves 

suggested that to encourage high ferti l ity responsive grasses into hil l country 

swards, management similar to that imposed on the H H  site would be requ i red . 

The economic costs of imposing such management (e.g. high ferti l iser 

appl ication) on hi l l  pasture farms may not balance with profitable increased 

production and this needs to be considered . 

The flatweeds functional group was significantly more abundant on the LN 

turves which suggested in order to remove these species from the pasture, 

management and fertil ity needs to be altered to be more l ike that of the HN and 

HH sites turves. As mentioned previously, it may not be economically practical 

to change management and ferti l ity to that of the HH  turves, just to remove 

flatweeds from the sward . 

The OS functional group was significantly more abundant on the HN turves in 

al l  months. The value of these species to pasture stabil ity and to animal 

feed ing value is unknown . That they were all very low growing species 

- - ----
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suggested that they d id not form a major part of the grazing animal 's d iet, 

however they may have a role in pasture stabil ity. 

5. 4. 7.3 Cutting height 

All the functional groups contain ing grass species (A. capillaris, HFRG, LFTG 

and L. perenne) and T. repens were sign ificantly influenced by cutting height. 

The abundance of all these functional groups was promoted under the tal l  

cutting height reg ime. Under the tall cutting height regime, the more erect 

g rowing g rass species were able to gain a competitive advantage by 

maintaining a larger photosynthetical ly active leaf area than if they were cut 

short. 

It was unusual that the abundance of the T. repens functional group increased 

under the tall cutting height. T. repens has a prostrate growth habit and would 

therefore be expected to be shaded under a tal l  cutting height reg ime. One 

explanation for this occurrence may be the decrease in ti l ler density u nder the 

tal l cutting height regime, which resu lted in a less dense sward (refer section 

5 .4 . 1 .2) .  

These resu lts suggested that to encourage more favorable functional groups 

such as al l  those containing grass species and T. repens, a tall defol iation 

height is required . The cutting height used in this experiment (75 mm)  has 

proven to increase the abundance of the grass containing functional groups 

and the T. rep ens functional g roup, under glasshouse conditions. Whether this 

occurs in  the field is unknown. At taller cutting heights the result is l ikely to 

d iffer, especially in spring and summer when feed qual ity wil l  decrease as the 

grass species become reproductive . 

5.4. 7.4 Treading 

Four of the eight functional groups were significantly influenced by tread ing 

effects (OS, T. rep ens, f1atweeds and HFRG functional groups). 



Chapter 5 1 27 

The HFRG group was positively influenced by the no tread ing treatment. U nder 

treading conditions, damage can occur to individual plants (refer section 

5.4. 1 .3 )  resulting in decreased til lering and growth. The abundance of the OS 

functional group was a lso greater when no treading was present. The species 

that made up this group were predominantly native and therefore have not 

evolved to be treading tolerant. 

The abundance of both the T. repens and f1atweeds functional groups was 

increased under the treading treatment. T. repens is a species which is able to 

rapidly colonize gaps in the sward that are cause by tread ing. The treading 

treatment also acted to reduce the vigor of some grass species, enabl ing T. 
repens to compete for l ight resources. The abundance of the f1atweeds 

functional group may have increased by new plants developing in gaps in the 

sward created by the tread ing treatment. There may also have been reduced 

competition by high ferti l ity responsive grasses for l ight resources under 

treading cond itions. 

5.4.8 Testing functional group defin ition 

The functional groups used in this experiment were defined using a range of 

responses to environmental and management factors (see Chapter 4) includ ing 

response to fertil ity/management history, defol iation height, tread ing and 

moisture. Only three of these factors, which simulate farm management 

practices , were imposed in this experiment (fertil ity/management history, 

defol iation height and treading). 

The functional groups defined in Chapter 4 were high fertil ity responsive 

grasses (HFRG), low fertil ity tolerant grasses (LFTG), L. perenne , A. capillaris, 

other species (OS), other legumes (OL),  flatweeds and T. repens. 

The HFRG group separated from the L. perenne, LFTG and A. capillaris 

functional groups because of its negative response to treading. The H FRG and 

L. perenne groups separated from the LFTG group and the A. capillaris group 
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because of their response to the site treatment. Both L. perenne and H FRG 

responded positively to the HN and HH sites, whi le LFTG and A. capillaris 

groups were unresponsive. 

The LFTG and A. capillaris groups d id not appear to separate using the 

management factors imposed . They were both unresponsive to site effects, 

positively influenced by a tal l  cutting height and neither were influenced by 

treading. The A. capillaris functional group however, was significantly more 

abundant than the LFTG group (Table 5. 1 4) in al l months. As such , the A .  

capillaris functional group would have a larger influence on  the entire sward 

than the LFTG group and though these two groups do not differ significantly in 

terms of their response to these management factors , they may in response to 

other factors such as moisture. 

The f1atweeds and OS functional groups d id not separate particu larly wel l u nder 

these management factors either. Both were highly responsive to the site and 

treading treatments and neither were responsive to defol iation height. Because 

of the morphology of species in the f1atweeds functional group however, they 

are l ikely to respond differently to the OS functional group under other imposed 

factors , such as moisture .  This is dealt with in Chapter 6. The OL and T. 

repens functional group separated by T. repens being positively influenced by a 

tal l  cutting height and treading and being unaffected by the site effects. The OL 

functional group was not influenced by either treading or defol iation height and 

was positively influenced on the HN site turves. 

The functional groups, therefore, d id respond to the imposed management 

factors as predicted in the defin ition of the functional groups. These functional 

g roups can be used to help simpl ify the hi l l  pastoral system and aid pasture 

managers in identifying pasture status. As the response of the functional 

groups to several imposed management factors is known, pasture composition 

can be altered to ach ieve a more desirable sward through farm management. 
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5.4.9 The role of pasture management 

There are practical d ifficulties associated with managing hil l pastures (e.g .  

d iverse range of aspects, slope , microtopography) (White , 1 994). 

Understanding the effects of environmental and management perturbations is 

necessary so that a desirable botanical composition can be achieved and 

maintained in hi l l  country pastures. In trying to a lter pasture composition using 

management it is important for producers to understand the complex pastoral 

system they are working with, and be able to identify species and their 

abundance .  A greater abundance of u ndesirable species may give the farmer 

an ind ication of underlying resource base problems . For example, the 

presence of a h igh percentage of low ferti l ity tolerant grasses may ind icate that 

that soil fertil ity is low and fertiliser appl ication is required . A high abundance of 

A. capillaris, L. perenne, T. repens, T. dubium and bare soi l ,  and a low 

abundance of C. cristatus, fiatweeds and L. pedunculatus, may indicate that the 

pastu re has been heavily trodden . The presence or absence of a species and 

the abundance of those species present can be used as an ind ication of the 

state of the pasture. 

Kemp ( 1 99 1 ) developed the State and Transition model (Westoby et al. 1 989) 

to a useful management tool for land managers called the pasture 

_ _  . ... , .agement envelope. The envelope works by defining upper and lower 

boundary requirements for stable pastures and optimal animal production 

(Kemp, 1 991 ). Defin ing these upper and lower boundaries makes it easier for 

land managers to identify the state of their pastures . The resu lts of this 

experiment go part way in defining what these upper and lower boundaries may 

be in North Island New Zealand h il l pastures. 

The development of these sorts of management tools for New Zealand hi l l  

pastures would be valuable. They would enable farmers to identify the state of 

their pastu res in terms of composition and production and in turn implement 

management strategies to achieve a more desirable stable state. These tools 

may also be useful to identify pasture degradation during an extreme 
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environmental event such as a drought and al low farmers to act early before a 

permanent change of state occurs. Reversing a change in state may be costly 

since the inputs required to return the pasture to pre-stress levels, might not be 

proportional to the resulting yield response. 
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Plate 5.1  Turf removal from the summer moist, low fertil ity farm let (lM) at 
Ballantrae Research Station, November 1 996. The water tanks and pump 
on the cutting apparatus were used to lubricate the turf bin. 
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Plate 5 . 1  Turf removal from the summer moist, low ferti l ity farm let (LM) at 
Ballantrae Research Station, November 1 996. The water tanks and pump 
on the cutting apparatus were used to lubricate the turf bin. 



Chapter 5 

Plate 5.2 Turves arranged in the glasshouse at the Plant Growth Unit, 
Massey University, prior to the commencement of the first experiment. 

1 35 
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Plate 5.3 Apparatus used to apply the simulated sheep treading treatment 
in both the first and second turves experiments. The instrument was 
rol led over the turf surface. 
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6 .  Environmenta l effects o n  pastu re composition 

6.1  Introduction 

Hi l l  pastures are variable ,  and this variabi l ity is caused by both environmental 

and management factors (White, 1 994).  As d iscussed in  previous chapters 

(Chapter 5) ,  environmental factors that influence pastures include temperature ,  

ra infal l ,  so i l  type, slope and aspect ,  wh i lst management factors i nclude an imal 

type , stocking rate , fert i l iser appl ication and grazing strategy. The interactions 

between management and environmental factors need to be considered 

careful ly ,  as farmers are unable to control environmental conditions .  Therefore, 

they must adjust the i r  own management to mainta in  a desired h il l  pasture i n  

terms of both productivity and composition . 

Aspect and slope are two environmental factors that have a sign ificant 

i nfluence on moisture avai labi l ity in h i l l  pastures. Steep northerly faces are 

much drier  than sheltered , flatter, southerly faces. This effect of aspect on soil 

moistu re avai labi l ity results in  changes in pasture composition . On sunny 

slopes , perennial grass species such as Rytidosperma spp. and D. g/omerata 

exist a long with annual  g rasses and legumes (White ,  1 994) .  On  shady s lopes, 

species composition has been described as being more d iverse, inc luding 

species such as A .  capillaris, A. odoratum , C. cristatus, H. lanatus, L. perenne 

and T. repens (White, 1 994). Annual pasture production can also vary between 

aspects, d ependi ng on whether moisture or temperature is the dominating 

factor (Wh ite , 1 994) .  Stud ies by Lambert and Roberts ( 1 978) on aspect effects 

showed that pasture composition d ifferences were also related to topography 

and its affects on stock management, an ima l  behaviour and nutrient transfer, 

wh ich i l lustrates the importance of considering the interactions between 

environment and management. 
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Soil moisture and animal tread ing are both i nfluenced by the slope and aspect 

variabi l ity of h i l l country, soil moistu re d irectly and animal treading through the 

effects of topography on animal behaviour. These two stresses can act 

indiv idual ly ,  or interact to have physical effects on plant growth such as leaf 

extension and t i l le ri ng ,  and on pastu re composition, and both these stresses 

influence herbage production .  S pecies have d ifferent mechanisms to cope with 

both e nvironmental and management stresses,  but most species in h i l l  pastures 

e ither  have the ab il ity to tolerate the stresses or the abi l ity to recover from the 

stresses. 

The general objectives were to improve the abil ity of land managers to 

understand the interactions between environmental and management stresses 

which wi l l  enable them to prevent damage to pastures from management 

stresses, and wi l l  min imize damage from environmental stresses. The specific 

objectives were to identify the effects of an environmental stress ( i . e .  moisture 

stress) and its i nteraction with a management stress ( i .e .  tread ing) ,  on botanical 

composition and production of a North I sland , N ew Zealand hi l l  pasture. 
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6.2 Materials and Methods 

6.2 . 1  Method 

This experiment used the same turves described in Chapter 5 (see Chapter 5 

for turf removal detai ls) .  The turves were rested for 3 months between 

experiments, during which time they were watered daily and trimmed weekly to 

a standard height of 50 mm. Ferti l iser was appl ied at the beg inn ing of the 3 

month rest period to rep lace S ,  P and N removed from the turves in herbage 

harvested . The total amount of herbage harvested during the first turves 

experiment was calculated ,  the content of S, P and N in  the removed herbage 

was approximated and superphosphate and u rea were appl ied to replace those 

nutrients removed . 

The turves mainta ined their orig inal  d ifferences in ferti l ity that were developed 

at the sites at Bal lantrae .  There were 1 2  each of the h igh ,  med ium and low 

ferti l ity turves with Olsen P levels of 1 3 .3 ,  8 .2  and 6.3 , respectively. Moisture 

and tread ing treatments were appl ied over these fertil ity treatments . The 

experiment comprised the treatment phase (2 months)  and the recovery phase 

(2 months) .  

Three moistu re and two "treading" treatments were appl ied between September 

1 997 and 1 8  November 1 997. The three moisture treatments were establ ished 

on the turves using an automated watering system, and polythene sh ields 

placed between adjacent turves to prevent water crossing between the water 

treatments. E ighteen tu rves had heavy watering appl ied , 9 received control 

levels of watering and 9 received no water. The heavy watering treatment 

involved mainta in ing the turves at a soil volumetric moistu re content of 

approximately 60% as d etermined by Time Domain Refiectometry. The control 

turves were maintained at a soil moisture content of approximately 40% and the 

dry turves during th is phase were unwatered , and dried from a soil moisture 

content of 60% to an average of approximately 1 0%. 
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The second treatment was simu lated tread ing, using a studded rol ler that 

appl ied an average pressu re of 1 .28 Mg m-3 to the soil surface (Awan ,  1 995) .  

The tu rves were trodden with 1 0  passes of the roller appl ied after each cutting. 

This treatment was appl ied to half of the heavily watered tu rves. It was not 

appl ied to the control or dry treatments due both to the lack of repl ication that 

wou ld resu lt (as the number of turves were l imited ), and to the method of 

treading having very little impact on the hard soil developed in the dry 

treatment. 

In summary there were four treatments each appl ied to 9 turves in phase one: 

• wet (W) 

• wet and tread ing (WT) 
• control (C) 

• dry (D )  

I n  phase two, (from 1 8  November 1 997 to 3 1  January 1 998) the wet treatment 

turves were al lowed to dry until they reached the control level of soil moisture 

(approximately 40%),  and the d ry treatment turves were wet up  to the control 

levels of moisture. Both treatments took approximately 1 0  days to reach control 

moisture levels. The tread ing treatment ceased on the WT treatment turves. 

During both phases, the sward was maintained by weekly cutting to a height of 

50 mm. 

6.2.2 Measurements 

The 1 0  sets of measurements taken in this experiment are described below. 

6.2.2. 1 Botanical composition. 

The contribution of a l l  species to herbage mass (kg OM/ha) was determined for 

a 0.01  m2 area (cut to ground level) at the centre of each turf. Two dissections 

that separated all species present were carried out. The first was taken at the 

start of phase one of the experiment in September 1 997. The same technique 
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was used at the end of phase two of the experiment in  February 1 998, but a 

0 . 1 1  m2 quadrat was used as the turves were not required for further 

experimentation . 

6.2.2.2 Dry matter harvests 

Once a week the turves were trimmed with electric shears to a height of 50 mm 

to s imulate defol iation by g razing an imals. Herbage was col lected using a 

vacuum cleaner, dried and weig hed to determine pasture g rowth rate (kg 

OM/ha/day) over that period . 

6.2.2.3 Leaf extension 

Leaf extension rate (mm/day) was measu red on the most common and 

agronomically important species present. These species were : L. perenne, 

A. capillaris, H. lanatus, A. odoratum and T. repens. Leaf extension was 

mon itored over a period of 5 days each month . On each turf. one ti l ler of each 

species was tagged with an identifying coloured piece of wire.  The length of 

the youngest leaf was measured from the col lar of the most recently fu l ly 

expanded leaf to the tip ,  and then over the subsequent days was re-measu red . 

If the leaf d ied or ceased growing over this 5 day period , the new leaf that 

appeared was measured instead . 

6.2.2.4 Point analysis 

A special ly designed point quadrat apparatus with 1 0  need les 50 m m  apart was 

used to non-destructively determine pasture composition of the turves. At the 

beg inn ing of phase one and end of phase two, 1 00 points were sampled per 

turf. During the rest of the experiment, 30 points per turf were measured each 

month . The point quadrat apparatus was used on a first h it basis to measure 

cover. Only the first species in  the plant strata h it by the need le was identified , 

not every species h it by the need le as it passed down through the strata (Levy 

and Madden, 1 933). The percentage of h its on each species was calculated to 

estimate the cover of each species. Only the first hit species were identified 

due to both time constraints and the swards being reasonably short, and hence 

the plant strata were narrow. 
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6.2. 2. 5  Soil nitrogen 

I n  late N ovember 1 997, early in the recovery phase, soil samples were 

removed from each turf and a 2M KCI-extractable n itrate procedu re 

(B lakemore ,  Searle and Daly, 1 987) used to determine the concentration of 

N H/ and N03- (ppm). Soil cores were taken to a depth of 75 mm and core 

d iameter was 25 mm. 

6. 2. 2. 6  Tiller counts 

On each turf, the ti l lers or growing points were counted in three 0 .025  m2 

samples and then averaged (ti l lers/m2). 

6.2.2. 7 Soil nutrients 

Soi l  samples were taken from the turves at the beginn ing of the experiment to 

identify if any major changes had occu rred in fertil ity between the first and 

second experiments . P, S and pH were measured for al l  36 turves.  

6.2.2. 8 Root weight and length 

Two root samples were taken, one in  each phase .  I n  early September 1 997, 

two 30 cm deep soi l  cores (332 cm3) were removed from each tu rf, d iscarded , 

and the holes backfi l led with clean d ry sand . At the end of phase one (1 7 

November 1 997) the sand fi l led cores were removed and the roots removed by 

hand and washed . Root length and root weight of the roots grown in this phase 

were then determined . 

Two more cores were taken at the end of the second phase (4 February 1 998) 

and the same method used to determine the length and weight of roots . 

6.2.2. 9 Soil temperature 

Soil temperatu re measu rements were made weekly on each turf using a 0 . 1  m 

soil temperatu re probe in  five fixed positions i n  each turf, and then averaged for 

the tu rf. 
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6. 2.2. 1 0  Soil moisture 

Soil moistu re was measured using Time Domain Reflectometry (TDR) .  Two 

0.2 m probes were permanently placed in the centre of each tu rf and 

mon itored twice weekly .  

6.3 Statistical analys is 

Basic ANOVA was carried out on al l  data using the PROC GLM command of 

the SAS program (SAS I nstitute I nc.  1 995). Manova's were carried out on 

species specific data to identify the d ifferences between species.  Canonical 

correlation analysis was used to determine the correlation between point 

a nalysis and full herbage dissection to determine botan ical composition .  

Regression analysi s  was used to identify relationships between species 

richness and dry matter production .  Coefficient of variation was used to identify 

the variation in abundance of functional groups over the experimental period . 

6.4 Results 

6.4. 1 Background results 

6. 4. 1. 1  Soil moisture 

From September 1 997 through  to 1 8  November 1 997, the stress treatments 

resu lted in s ignificantly d ifferent soil moisture contents (Table 6 . 1 ) .  I n  

September, volumetric soil moisture content of the D treatment tu rves was 

sign ificantly less than that of the WT, W and C treatment turves .  I n  October, 

the WT and  W treatment turves were sign ificantly greater than C tu rves ,  wh ich 

were sti l l  s ign ificantly greater than the D treatment turves .  The same pattern 

occu rred in the first half of November (November A). From the second half of 

November (November B )  1 997 through to January 1 998, none of the turves had 

sign ificantly d ifferent soil moistu re content. 
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Site had an effect (P = 0 .0894) on soil moisture content in al l  months except 

December 1 997 and January 1 998.  In the months when site was sign ificant, 

the sites from h ighest soil moisture to lowest were LN ,  HH and H N ,  with the 

exception of November A,  when the sites were ranked LN ,  HN and H H  from 

highest soi l  moisture to lowest. 

There were no s ite by stress treatment interactions for soil moistu re content. 

6.4.1.2 Soil temperature 

I n  a l l  months, soil temperatures were sign ificantly d ifferent in  the stress 

treatments (Table 6 .2 ). In September 1 997, the D treatment turves had 

sign ificantly h igher soi l  temperatu res than the other treatments . In October and 

the first half of November, C and D treatment tu rves had sign ificantly higher soil 

temperatures than the W and WT treatment turves . I n  the second half of 

November, the W treatment turves were sign ificantly warmer than the other 

treatments, and the WT and C treatment turves were s imilar. The D treatment 

turves were significantly colder than the other treatment turves . In December 

1 997 ,  W and D treatment turves were both warmer than WT and C treatment 

turves, wh ich were not significantly d ifferent. In January 1 998, W treatment 

turves had the h ighest temperature and W and D were not sign ificantly 

d ifferent. D, WT and C treatment tu rves were not significantly d ifferent. 
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Table 6.1  Summary of volumetric soil moisture content (%) data for stress 
treatments . C = control , 0 = dry, W = wet and WT = wet and treading. 

Month C 

Sept 97 58.7 

Oct 97 50 .7 

Nov A 97 39.2 

Nov B 97 37.7 

Dec 97 

Jan 97 

41 .2 

39.2 

Stress Treatments 

D 

45.1  

25 .8 

1 3. 1  

39.0 

39.4 

36.9 

W 

59.0 

63. 1 

60.7 

42 .8 

43.8 

38.4 

WT 

59.4 

62.5 

59 .5  

42 .0 

38.3 

36 .5  

SEM 

1 .69 1 1 

1 .3564 

1 .240 1  

1 .5960 

2 .21 20 

1 .91 80 

Prob>F 

0 .000 1 

0 .0001 

0 .0001 

0 . 1 1 2 1 

0 .3490 

0 .7335 

Table 6.2 Summary of soil temperature (CC) data for stress treatments. 
C = contro l ,  0 = dry, W = wet and WT = wet and treading. 

M onth C 

Sept 97 1 4 .3 

Oct 97 1 6 .6 

N ov A 97 1 6 .6 

N ov B 97 1 9 .0 

Dec 97 

Jan 98 

1 9 .3  

20.9 

Stress Treatments 

D 

1 4 .6 

1 6 .6 

1 7 .0 

1 7 .4 

1 9 .5 

20.9 

W 

1 4 .3  

1 6 .0 

1 6 . 1  

1 9 .4 

1 9 .8 

2 1 . 1  

WT 

1 4 .0 

1 5.8 

1 6 .0 

1 9 . 1  

1 9 .3 

20.9 

SEM 

0.0970 

0 . 1 070 

0.07 1 9 

0 .0938 

0 . 1 798 

0.0735 

Prob>F 

0.0028 

0 .0001 

0 .0001 

0 .0001 

0.0205 

0.0852 
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I n  al l  months ,  with the exception of December · 1 997 and January 1 998,  s ite d id 

not have a sign ificant influence on soil temperatu re .  I n  December 1 997,  site 

had a sign ificant effect (P = 0 .01 0 1 ) and HH had the h ighest temperatu re , but it 

was not sign ificantly h igher than LN .  LN and HN sites were not significantly 

d ifferent. In January 1 998 , H H  had the highest soil temperature ,  but was not 

s ign ificantly d ifferent to LN .  HN turves had the lowest soi l  temperature , which 

was s ign ificantly lower than HH and LN . 

There were no site by treatment interactions for soil temperature .  

6.4. 1.3 Soil n utrients 

Soil pH  was significantly d ifferent among sites (P = 0 .047 1 )  (Table 6 .3)  and the 

sites were ranked LN � HN � HH .  Stress treatments d id not have a s ign ificant 

effect on soil pH and there were no s ite by stress treatment interactions. 

Su lphur  (ppm) was sign ificantly d ifferent between sites (P  = 0.000 1 ) and the 

s ites were ranked HH  > LN � H N .  Stress treatments d id have a s ign ificant 

effect on su lphur (P = 0 .0827). The stress treatments were ranked C � WT � D 

� W for their influence on su lphur levels.  C treatment turves had sign ificantly 

greater levels of su lphur  than W treatment turves,  with WT and D treatment 

turves intermed iate. There were no site by stress treatment interaction effects. 

O lsen P (ppm) was sign ificantly d ifferent between sites (P = 0.000 1 ) and the 

s ites were ranked HH > HN � LN. There were no stress treatment effects or 

s ite by stress treatment interactions. 

N itrogen in  the soi l  i n  the form of N H4+ (ppm) was fou nd to d iffer between 

treatments (P = 0 .0981 ) and the stress treatments were ranked W � C � WT � 

D.  The W treatment turves had sign ificantly h igher levels of N H/ than D 

treatment tu rves,  with C and WT treatment tu rves intermed iate. There were no 

site or site by stress treatment interactions. N03- d id not d iffer sign ificantly 

between sites or stress treatments . 
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Table 6.3 Summary of soil nutrient measurements (ppm) for each site 
taken August 1 997.  LN = low ferti l ity and input farmlet, HN = medium 
fertil ity and input farmlet and HH = high ferti l ity and input farmlet. 

S ites 

LN HN HH SEM Prob>F 

pH 5 .68 5 .62 5 .57 0 .0471  0 .03 1 
Sulphur  1 3 .5 1 0. 3  26.5 1 .6642 0 .000 1 
Olsen P 6 .3 8.2 1 3. 3  0 .9292 0 .0001 

6.4. 1.4  Roots 

1 47 

I n  phase 1 of the experiment, root weight d id not d iffer sign ificantly between 

sites or stress treatments. Root length was significantly d ifferent between 

stress treatments (P = 0 .0 1 94) . Root length was greatest in  the W treatment 

turves (95,560 m/m3) ,  but was not sign ificantly d ifferent to the C treatment 

turves. 0 treatment turves had the lowest root length (51 , 1 1 0  m/m3) ,  but did not 

d iffer significantly from WT and C treatment turves. 

In phase 2 ,  stress treatments had a sign ificant effect on root weight (P  = 

0 .0394) and the stress treatments were ranked C ( 1 52 g/m3) > 0 (64 g/m3) with 

W ( 1 25 g/m3) and WT ( 1 1 7  g/m3) treatment turves intermediate. 

Both site (P = 0.001 5) and stress treatments (P = 0 .01 75) had a significant 

effect on root length . The s ites were ranked LN (58 ,750 m/m3) ;;:: HH (53 , 1 67 
m/m3) > H N  (28,333 m/m3) for their effect on root length . The stress treatments 

were ranked C (59 ,353 m/m3) ;::: WT (49 ,556 m/m3) ;::: W (49,333 m/m3) > 0 
(28 ,778 m/m3) for their influence on root length . 
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6.4.2 Measurement results 

6. 4. 2. 1  Dry matter accumulation 

I n  a l l  months, except the fi rst and second half of November, site had a 

sign ificant influence on dry matter accumulation (Table 6 .4a) .  From August 

through to October, the HH  turves accumulated the highest levels of d ry matter, 

fol lowed by the H N  turves and the LN tu rves were the lowest producing.  I n  

December, the d ifference i n  dry matter accumulation from the d ifferent s ites 

was marginal  (P = 0.091 0) .  I n  January, the sites were ranked HH  2': LN 2': HN 

for d ry matter accumulation .  

Stress treatment effects d id not become significant until October 1 997, and they 

remained sign ificant for the rest of the experimental period (Table 6 .4b) .  I n  

October 1 997, the stress treatments ranked W and C > WT and D,  with the W 

treatment turves accumulating the most d ry matter and the D treatment turves 

the least. In November A, the stress treatments ranked W >  WT and C > D for 

d ry matter accumulation .  I n  November S ,  the W treatment turves sti l l  produced 

sign ificantly higher levels of d ry matter ( 1 2 .2 kg DM/ha/day) and WT and C 

treatment turves did not d iffer sign ificantly again .  The lowest producing tu rves 

were again D treatment tu rves, but they were not sign ificantly lower than C 

treatment turves .  I n  December 1 997, the stress treatments ranked D 2': W > C 2': 

WT for d ry matter accumulation. The same order of production occurred in 

January 1 998 as December 1 997. D treatment turves produced the most d ry 

matter (32 .6 kg DM/ha/day) and WT turves the least (20 .4 kg DM/ha/day). The 

stress treatments ranked D 2': W 2': C 2': WT for d ry matter accumulation .  

An  interaction between site and  stress treatment occurred only in  November A .  

For the C and WT treatments, a l l  s ites accumulated very s imi lar levels of  d ry 

matter (C 6.65 ± 0 . 1 1 kg DM/ha/day; WT 6 .69 ± 0 . 1 3  kg DM/ha/day). The D 

treatment turves showed a sl ight decrease in d ry matter accumulation as the 

fertil ity of the sites increased . The D by LN turves produced the most, fol lowed 

by D by H N ,  and D by HH produced the least. The W treatment turves showed 
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the g reatest interact ion. The W by LN turves (9.97 kg OM/ha/day) produced 

approximately half as much dry matter as the W by HN ( 1 5.4 kg OM/ha/day) 

and W by HH (1 7.4 kg OM/ha/day) turves. 

Table 6.4 Summary of dry matter production (g DM/m2/day) for (a) sites 
and (b) stress factors . 
(a) 

Month LN 

Aug 97 0 .88 

Sept 97 1 .06 

Oct 97 0 .86 

Nov A 97 0 .70 

Nov B 97 0 .61  

Oec 97 2.49 

Jan 97 2 .73 

(b) 

Month C 

Aug 97 1 . 1 6  

Sept 97 1 .20 

Oct 97 1 . 1 5  

Nov A 97 0.67 

Nov B 97 0 .55 

Oec 97 1 .62 

Jan 97 2.48 

Sites 

HN 

1 .03 

1 . 1 8  

0.96 

0.79 

0.68 

2 .01  

2 .33 

HH 

1 .37 

1 .65 

1 .24 

0 .84 

0.79 

2 .45 

3 . 1 4  

Stress Treatments 

0 

1 . 1 0  

1 .32 

0 .74 

0 .34 

0 .30 

3 .33 

3.26 

W 

1 .09 

1 .36 

1 .32 

1 .43 

1 .22 

2 .83 

3 . 1 6  

WT 

1 .02 

1 .31  

0 .88 

0 .67 

0 .71  

1 .48 

2 .04 

SEM 

0 .0990 

0.0728 

0 .0686 

0 .0651 

0 . 1 004 

0 . 1 620 

0.2040 

SEM 

0 . 1 1 43 

0 .084 1 

0 .0792 

0 .0751 

0 . 1 1 60 

0 . 1 87 1  

0 .2356 

Prob>F 

0 .0062 

0 .0001 

0 .0026 

0 .3297 

0 .4773 

0 .09 1 0  

0 .0327 

Prob>F 
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6.4. 2.2 Tillers 

Site sign ificantly i nfluenced ti l ler number i n  a l l  months (Table 6 . 5a ) . HH  turves 

produced s ignificantly more ti l lers than e ither the HN or LN turves ,  which did not 

d iffer s ignificantly. 

I n October and November 1 997, the stress treatments had a s ign ificant effect 

on t i l ler n umber (Table  6 .5b) with both the WT and D treatments negatively 

affecting ti l ler number. I n  October, the stress treatments ranked W � C > D � 

WT for t i l ler number and in November, the stress treatments ran ked W � C � 

WT > D for til ler number (Table 6 . 5b) .  

There were no site by stress treatment interactions. 

6.4.2.3 Leaf extension 

Site effects d id not begin to have a s ign ificant effect on leaf extension u ntil 

November 1 997 , they then remained significant unti l the end of the experiment 

(Table 6 .6a) .  The HH turves consistently had the highest rate of l eaf extension 

(not sign ificantly higher than HN turves in any month) ,  HN turves had the 

second highest rate of leaf extension and LN turves the slowest (sign ificantly 

slower than HN only in December 1 997) in every month where s ite effects were 

sign ificant. 

Treatment effects became sign ificant from October to the end of the experiment 

(Table 6 .6b) .  I n  October 1 997, the effects of stress treatments on l eaf 

extension ranked W � WT � C > D .  I n  November, after re-wetting ,  D treatment 

tu rves had significantly faster rates of leaf extension (7 .7 mm/day) than  any 

other treatment. C treatment turves had the slowest rate of leaf extension (2 .3  

mm/day) but not significantly slower than WT treatment tu rves .  I n  December, 

the stress treatments ranked D > W, WT and C for their infl uence on leaf 

extension . I n  January, D treatment turves again had the fastest rate of leaf 

extension (7.9 mm/day), but not Significantly faster than WT treatment turves. 

C, W and WT treatment turves did not d iffer s ignificantly. 
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There were no s ite by stress treatment i nteractions. 

On the C treatment turves, the leaf extension rates of A.  capillaris a nd H. 
lanatus d ecreased sl ightly from September  to November (F igure 6 . 1 ) .  The 

petiole extension rate of T. repens remained relatively constant from September 

to December. The genera l  trend of L. perenne leaf extension was decreasing 

from September to November and A. odoratum leaf extension was relatively 

static from September to November, then increased . The leaf extension rates 

of a l l  species increased from December to January. 

Table 6.5 Summary of t i ller density (ti l ler no.lm2) for (a) sites and (b) 
stress factors. 
(a)  

S ites 

M onth LN H N  H H  SEM Prob>F 

Sept 97 1 2378 1 1 5 1 1 1 5733 805 0 .0030 

Oct 97 1 1 967 1 1 244 1 61 89 8 1 5 0 .0006 

Nov 97 1 1433 1 1 500 1 5200 662 0 .0006 

Dec 97 1 1 478 1 2033 1 8700 9 1 1 0 .000 1 

Jan 97 1 31 1 1  1 31 67 20533 1 470 0 .00 1 9 

(b )  

Stress Treatments 

Month C D W WT SEM Prob>F 

Sept 97 1 2548 1 2874 1 4859 1 2548 929 0 .2609 

Oct 97 1 4444 1 1 333 1 6059 1 0696 941 0 .00 1 4  

Nov 97 1 3956 9274 1 5807 1 1 807 765 0 .0001  

Dec 97 1 271 1 1 4089 1 5096 1 4385 1 053 0 .4562 

Jan 98 1 4385 1 5274 1 3689 1 9067 1 698 0 . 1 444 
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Table 6.6 Summary of leaf extension data (mm/day) for (a) s ites and (b) 
stress factors. 
(a) 

Sites 

Month LN HN HH SEM Prob>F 

Sept 97 3. 1 3 . 1  3 .6 0 .3  0 .4634 

Qct 97 3 .0  2 .8  3 .3 0 .3  0 .277 1 

Nov 97 3 .7  4 .7  5 .8  0 .5  0 .0542 

Dec 97 3 . 1  4 .2 4 .8 0 .4 0 .0050 

Jan 97 5 .3  6 .0 7 .4 0 . 5  0 .0251  

(b) 

Stress Treatments 

Month C D W WT SEM Prob>F 

Sept 97 3 .7 3 . 1  3 . 2  3 .2 0 .3 0 .5972 

Qct 97 3 . 1  0.4 4 . 7  4 .0 0 .4 0 .000 1 

Nov 97 2.7 7 .7 4.7 3 .9 0 . 5  0 .000 1 

Dec 97  3 . 1 5 .8 4 .2 3 .0 0 .4 0 .000 1 

Jan 98 5.4 7 .9 5 .2  6 .4  0 .6  0 .01 1 8  
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Figure 6.1 Summary of leaf extension rates (mm/day) for each species 
measured and for each factor over the experimental period. 
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On the 0 treatment turves, the leaf extension rates of a l l  species decreased to 

o mm/day between September and October (Figure 6 . 1 ) .  On re-wetting ,  A .  

capiJIaris , H. lanatus and  A .  odoratum l eaf extension rates increased from 0 

mm/day i n  October to approximately 6 mm/day in November. The leaf 

extens ion  rate of L. perenne on re-wetting was more than double that of any 

other species (1 3 mm/day). T. repens petiole extension rates increased from 0 

mm/day to 2 mm/day in November and December, with a sl ight increase in  

January to 3 mm/day. From November to January ,  L. perenne leaf extension 

rates decreased and A. odoratum and H. lanatus rates increased result ing in  a l l  

3 species having simi lar leaf extension rates in  January (8  mm/day) .  A .  

capillaris l eaf extension rate increased unti l December, then decreased to 

approximately 5 mm/day in January. 

On the W treatment turves , leaf extension rates, (except at the start of 

treatment  appl ication in  September) were very simi lar for a l l  the grass species 

measu red (within 2 mm/day) (Figure 6 . 1 ). There was a s l ight i ncrease in leaf 

extension from September to October, then no change u ntil January when 

there was an increase. T. repens petiole extension rate remained relatively 

static from September to December, fol lowed by a s l ight increase in January. 

On the WT turves ,  A .  capillaris and L. perenne l eaf extension rates i ncreased 

from September to November, then decreased in December fol lowed by 

another i ncrease in  January (Figure 6 . 1 ) . A. odoratum and H. lanatus leaf 

extension increased from September to October then decreased through to 

December. There was an increase i n  the leaf extension rates of A .  odoratum 

and H. lanatus in January. The petiole extension rate of T. repens remained 

constant (1 mm/day) through the experimental period . 
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6.4.2.4 Botanical composition 

I n  the September 1 997 quadrat cut and d issection, there were no significant 

site or stress treatment effects on total d ry matter removed from the turves. 

The s ites ranked HN � LN ;;:: HH and the stress treatments ranked W ;;:: D ;;:: C ;;:: 

WT for their influence on total dry matter removed in  the quadrat cut. There 

were significant species effects on total d ry matter removed .  Flatweeds 

contributed to s ignificantly more dry matter than any other species (276 kg 

DM/ha).  Dead matter was the next largest contributor (2 1 4  kg DM/ha) .  P. 

annua, A .  capillaris and H. lanatus were the next greatest contributors to d ry 

matter, but they d id not differ Sign ificantly from one another. H. /anatus, C. 

uniflora, C. cristatus, N. setulosa, other species, A odoratum, T. repens, Muscii 

spp . ,  L. perenne, L.  pedunculatus, T. dubium and F. rubra d id not d iffer 

sign ificantly in  contribution to d ry matter. F. rubra contributed the least to d ry 

matter production (0.27 kg DM/ha) i n  September 1 997 . 

Species that were significantly influenced by site effects (Table 6 .7a)  included 

A odoratum, L. perenne, P. annua, L .  pedunculatus, flatweeds ,  C. uniflora and 

N. setulosa. A odoratum was found in sign ificantly greater quantities on  the 

HN turves (HN > LN and HH) .  L. perenne, P. annua and N. setulosa were 

found  in  greatest abundance on HH  turves (HH ;;:: HN ;;:: LN) .  L. pedunculatus 

was fou nd in  greatest abundance on the HN turves (HN ;;:: LN) .  There was no  L. 
pedunculatus on the HH tu rves. Flatweeds were most abundant on LN turves 

(LN ;;:: HN) .  No flatweeds were found on HH turves. C. uniflora was most 

abundant on H N  turves , ( H N  � HH) .  C. uniflora was not found on LN turves . 

Species that were sign ificantly influenced by stress treatment (Table 6 .7b)  

effects i ncluded C.  cristatus, L .  perenne, C.  uniflora and dead matter. 

C. cristatus was most abundant on the WT treatment turves (WT ;;:: C and W ;;:: 

D )  and L .  perenne was most abundant on the C treatment turves (C ;;:: W and 

WT ;;:: D) .  C. uniflora was significantly more abundant on D treatment turves (D 
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> W, C and WT) and dead matter was most abundant on W treatment turves 

(W � 0 and  C ;:: WT) .  

Table 6.7a Summary of pasture species d issection data (kg OM/ha) for 
s ites. 
Species Sept 1 997 Feb 1 998 

LN HN H H  SEM Prob LN HN H H  SEM Prob 

A. capillaris 1 25 1 28 1 39 37 0.9648 1 1 7 1 63 350 42 0 . 00 1 9  
A .  oderatum 1 3  49 9 8 0.0025 23 34 26 7 0 .5662 
C. cristatus 56 59 58 1 4  0.9895 33 33 1 2  8 0 . 1 470 
C. uniflora 0 1 1 4 86 23 0.0059 297 2 1 3  57 0 .0038 
Dead matter 1 89 271 1 82 47 0 .3494 262 295 425 89 0 .407 1 
F. rubra 0 0 0 .3 0. 1 593 0 0 0.2 0 .0504 
Flatweeds 574 254 0 1 1 5 0.0071 432 1 94 37 38 0 .0001 
H. lanatus 1 1 6  25 1 1 9 36 0 . 1 347 96 7 60 1 1  0 .000 1 
L. perenne 9 1 8  29 6 0.0904 1 0  27 3 1  6 0 . 0587 
L. pedunculatus 20 32 0 1 0  0.0958 24 1 1 2 0 25 0 .0 1 00 
Muscii spp. 26 35 1 2  0 . 1 474 1 7  37 5 1 6  0 .3964 
N. setulosa 0 25 1 25 40 0.0846 0 1 4  1 60 22 0 .0001 
Other species 39 62 9 1 8  0 . 1 31 7 28 98 83 26 0 . 1 604 
Poa spp. 0 1 52 261 52 0.0069 0 24 55 1 1  0 .0096 
T. dubium 0 1 1  0 6 0 .3840 0 0 0 0 
T. repens 23 30 1 3  8 0 .3631 21 27 1 2  5 0 . 1 080 



Species C D W WT SEM Prob C 

A. capillaris 1 29 1 06 140 149 43 0 .9038 1 94 
A. odoratum 20 23 27 25 9 0 .9546 27 
C. cristatus 61  22 63 84 1 7  0.09 1 0  34 
C. uniflora 34 1 57 6 1  1 4  27 0.0057 1 52 
Dead matter 1 78 204 341 1 35 55 0.0734 374 
F. rubra 0 0 0 OA 0 . 1 435 0 
Flatweeds 343 268 307 1 86 1 33 0.8558 2 1 6  
H. lanatus 69 1 32 84 62 42 0.6428 60 
L. perenne 31  4 25 1 6  7 0.0645 1 4  
L .  pedunculatus 1 7  20 30 3 12  OA641 68 
Muscii spp. 9 14  36  23  14  0 .5452 44 
N. setulosa 7 91 96 6 46 0.3291 25 
Other species 25 29 70 24 20 0.34 1 1  1 29 
Poa s pp. 2 1 8  1 22 90 1 2 1  60 OA839 34 
T. dubium 0 1 4  0 0 7 0.4 1 1 4  0 
T. repens 20 1 3  1 9  35 1 0  0.4309 26 
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There was a sign ificant interaction between site and stress treatment for C. 

uniflora and "other species", though  there were no significant main effects for 

"other species". C. uniflora was approximately three times more abundant on  

H N  by D tu rves, than any other combination of  treatments. 

I n  the February 1 998 quadrat cut and full d issection , there were significant site 

and stress treatment effects on total d ry matter removed from the turves .  There 

were no sign ificant s ite by stress treatment interactions. The HH  turves 

produced the most d ry matter of the s ites (HH ;::: HN ;::: LN) and the W treatment 

tu rves produced the most d ry matter (W ;::: C ;::: D ;::: WT) of the stress treatments . 

Dead matter contributed to dry matter significantly more than any species (327 

kg D M/ha).  N. setulosa, A .  capillaris and flatweeds contributed the next 

greatest amount to dry matter, though they did not d iffer sign ificantly. Muscii 

spp . ,  C. uniflora, F. rubra, L. pedunculatus, A .  odoratum, C. cristatus, L .  

perenne, H. lanatus, P.  annua, other species and D. glomerata did not d iffer 

s ign ificantly in their contribution to d ry matter. D. glomerata was the least 

abundant species (0. 1 8  kg DM/ha)  in  February 1 998. 

S pecies that were sign ificantly influenced by site effects included A.  cap ilia ris , 

F. rubra, H. lanatus, L .  perenne, P. annUa' L. pedunculatus, fiatweeds ,  C. 

uniflora and N. setulosa (Table 6 .7a) .  A .  capillaris was Sign ificantly more 

abundant on HH turves (HH > HN  ;::: LN) ,  F. rubra was sign ificantly more 

abundant on HN turves (HN > HH ;::: LN)  and L. perenne and P. annua were 

both most abundant on HH  turves (HH ;::: HN ;::: LN) .  L.  pedunculatus was 

significantly more abundant on the HN turves (HN > LN). No L. pedunculatus 

was present on HH turves.  Flatweeds were significantly more abundant on LN 

turves (LN > HN  > HH) ,  C. uniflora was most abundant on HN turves (HN ;::: HH 

> LN) and sign ificantly g reater amounts of N. setulosa were fou nd on  HH turves 

(HH > HN) .  No N. setulosa was present on LN turves. 
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Species s ignificantly i nfluenced by stress treatment i ncluded C. eristatus, F. 

rubra, L .  perenne, T. repens, flatweeds and dead matter (Table 6 .7b) .  

C. eristatus was most abundant on the WT treatment turves (WT 2: C 2: W 2: D) ,  

F. rubra was on ly present on 0 treatment turves and i n  smal l  quantities (0 .7 kg 

O M/ha) and L. perenne was most abundant on 0 treatment turves (0 2: WT 2: C 

2: W). T. repens was most abundant on  WT treatment turves (WT 2: C 2: 0 2: W). 

F latweeds were most abundant on 0 treatment turves (0 2: C 2: W 2: WT) .  Dead 

matter was most abundant on W treatment turves (W 2: C 2: 0 2: WT). 

S pecies exhib it ing s ignificant s ite by stress treatment interactions i ncluded F. 

rubra, H. /anatus and C. uniflora . F. rubra only appeared on  HN  by 0 turves . 

Relatively large amounts of H. lanatus were present on the H H  by W ( 1 37 kg 

O M/ha) and LN by C ( 1 4 1  kg O M/ha) ,  compared with the next most abundant 

s ite , LN by W, which produced 98 kg of H. /anatus OM /ha.  Relatively h igh 

levels of  C. uniflora were present on the HN  by 0 turves (620 kg OM/ha) .  This 

was almost 200 kg OM/ha g reater than the next most abundant treatment 

combination ,  HH by WT (422 kg DM/ha). The HH by D (43 kg OM/ha)  and the 

H N  by WT (30 kg DM/ha) turves had relatively less C. uniflora than any of the 

other HH or  HN turves ,  but not less than the LN turves, on which C. unif/ora 

only appeared i n  combination with the 0 treatment, and which sti l l  only had 3 kg 

of C. uniflora DM/ha. 

6.4. 2.5  Point analysis 

6. 4. 2. 5. 1 Changes in pasture composition over time 

The cover of A. eapillaris and H. lanatus decreased from August to October, but 

i ncreased in November (Table 6 .8) .  Bare soil ,  C. eristatus, Musei; spp.  and 

dead matter had increasing cover to October, and then in November this 

decl ined to pre-treatment levels .  F latweeds showed i ncreasing cover through 

to December, fol lowed by a decrease i n  January. A .  odoratum and Poa spp.  

cover continually decreased throughout the experiment and C. uniflora a nd L.  
peduneu/atus continual ly increased . F. rubra cover i ncreased from August to 
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September, then in October and November, no F. rubra was present. I n  

December, F. rubra was 1 % of cover (s imi lar to September) and this decl i ned to 

0 .3% of cover in January (simi lar to August) .  The cover of L. perenne, N. 

setu/osa , other species, T. dubium and T. rep ens remained relatively constant 

over the experimental period . 

Table 6.8 Summary of average pasture composition (%) over a l l  months 
of the experiment, taken from point quadrat data. 
Species Aug Sept Oct Nov Dec Jan  

1 997 1 997 1 997 1 997 1 997 1 998 

1 1  1 7  24 

A .  odoraturn 7 7 3 4 3 4 

Bare soil 0 0 3 1 1 0 . 1  

c. cristatus 7 5 8 4 6 4 

c. uniflora 3 6 5 5 6 1 0  

Dead matter 4 4 1 3  9 4 3 

F. rubra 0.3 1 0 0 1 0 . 3  

Flatweeds 1 9  1 7  22 23 23 1 7  

H. /anatus 1 2  1 2  8 1 0  1 3  1 2  

L.  perenne 4 5 4 4 3 3 

L. peduncu/atus 1 2 2 3 5 5 

Muscii spp. 1 2 2 1 0 .4 0 . 1  

N. setu/osa 2 3 3 2 3 4 

Other species 6 7 6 4 6 7 

Poa spp. 1 3  1 5  6 6 1 2 

T. dubium 1 0 .4 1 1 1 0 

T. repens 4 4 4 4 5 5 
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6. 4. 2.5.2 The effect of applied stress factor on the cover of individual species 

1 61 

The effect of the stress treatments was apparent from the number of s pecies 

s ign ificantly influenced by the stress treatments in  each month (Table 6 .9 ) .  The 

number of species significantly influenced increased from two in  August to e ight 

i n  Novem ber when the stress treatments were at their peak.  The number of 

species affected decreased to 7 in  December and 4 i n  J anuary. 

A. capillaris was only significantly affected at the peak of the stress treatments 

(November), with the WT treatment having significantly more A. capillaris cover 

than any other treatment. A. odoratum was only significantly affected in the 

recovery p hase (December and January), when the W turves had the least A.  

odoratum cover, though not significantly less than the other treatments . C. 
cristatus was sign ificantly affected by stress treatments in September, O ctober 

and November, and in the first month of the recovery phase (December) . The 

WT turves had the most C. cristatus cover in each month , but on ly significantly 

more in December. F. rubra was not s ignificantly i nfluenced by stress 

treatments in any month , though it was not present in October and November. 

H. lanatus was significantly affected by stress treatments in October, November 

and January. In October, H. lanatus had s ign ificantly more cover on W and C 

turves,  in  N ovember W turves and i n  January,  W and C turves . L .  perenne was 

s ign ificantly affected by stress treatment only in October, when it had the most 

cover on the W treatment turves ,  but not s ignificantly more than the WT turves. 

L .  pedunculatus was significantly influenced by stress treatments in November 

and December (marginal  in December). I n  November, L. peduncu/atus had 

sign ificantly more cover on W treatment turves and in  December there was no 

L .  pedunculatus on the d ry turves and only 1 % on WT turves , compared with 8 

and 1 0% on the C and W turves respectively. T. dubium was sign ificantly 

i nfl uenced by stress treatments in November, when there was no T. dubium on 

the W and D treatment turves. The WT and C treatment turves d id no  d iffer 

s ignificantly in  terms of the cover of T. dubium. 
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Table 6.9 Summary of Prob>F values for stress factor main effects on 
pasture cover (by point analysis) for each species in each month of the 
experiment. A point in the table indicates the species was not present. 
Species Aug Sept Qct Nov Dec Jan  

1 997 1 997 1 997 1 997 1 997 1 998 

A .  capillaris 0 .3362 0 . 1 432 0 .7287 0 .0067 0 .4668 0 . 1 490 

A .  odoratum 0 .2857 0.28 1 8  0 . 1 1 88 0 .6 1 96 0 .0839 0 . 0239 

Bare 0 .000 1 0 .0001 0 .0696 0 .4 1 1 4  

c. cristatus 0 .8333 0 .0869 0 .0526 0 .0707 0 .0032 0 .8590 

c.  uniflora 0 .0008 0.04 1 9 0 .4367 0 .4076 0 .3060 0 .0645 

Dead matter 0 .3905 0 .0383 0 .000 1 0 .0001 0 .0050 0 .0324 

F. rubra 0 .43 1 1 0 .41 1 4  0 .4 1 1 4  0 . 5 1 20 

Flatweeds 0 .91 67 0 .6226 0 . 1 473 0 .0207 0 .0830 0 . 68 1 4  

H. lanatus 0 .59 1 3  0 . 7780 0 . 00 1 3  0 .0037 0 . 1 803 0 .0582 

L. perenne 0 .6639 0 .251 8 0 .0061 0 .3540 0 .8488 0 .9051  

L.  pedunculatus 0.0987 0.2838 0 .2 1 67 0 .0 1 61  0 .0947 0. 1 22 1  

Muscii spp.  0.9367 0.4964 0 .4687 0 .8458 0 .7452 0 .4 1 1 4  

N. setufosa 0 .0006 0 .36 1 4  0 .3546 0 .3046 0 .551 6 0 .8070 

Other species 0.5584 0 .943 1 0 . 1 1 07 0 .4466 0 .2203 0 .4466 

Poa spp. 0 .61 96 0 .79 1 8  0 . 1 785 0 .6049 0 .3767 0 . 3407 

T. dubium 0 .3539 0 .2 1 07 0 .4491 0 .0903 0 .42 1 1 

T. repens 0 .0387 0 .4023 0 . 0075 0 . 1 66 1  0 .08 1 9  0 . 0 1 1 7  
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T. repens was s ignificantly infl uenced by stress treatments in  August, October, 

December and January. In August and October, T. repens had s ignifi cantly 

more cover on the WT treatment turves, but not significantly more than C ,  D 

and W treatment turves i n  December and January, respectively. Flatweeds 

became s ignificantly influenced by stress treatments in  November and 

December. I n  these months the W and WT turves had the lowest cover of 

flatweeds ,  but only WT turves were significantly lower than C and D turves .  

Muscii spp . ,  N. setulosa, other species and Poa spp . were not s ignificantly 

influenced by stress treatments in any month . C. uniflora was s ign ificantly 

infl uenced by stress treatments in August and September. In these months ,  

there was significantly more C .  uniflora on  the dry treatment turves .  

Bare soi l  only became significantly affected b y  stress treatments i n  October and 

remained so in  November and December. The WT turves had s ign ificantly 

more bare soil in October and November, and sti l l  h ad the most bare soil i n  

December, but not significantly so. 

The abundance of dead matter was significantly influenced by stress treatments 

from September through to January. I n  September there was s ign ificantly less 

dead matter on W turves, in  October and November, there was s ign ificantly 

more dead matter on D turves, in December D and C turves and in January D 

and W turves. 

6. 4.2 .5. 3 The effects ofsite on the cover o.findividual species 

A. capi/laris was significantly influenced by site i n  October, November, 

December and January (Table 6 . 1 0) .  I n  October and January ,  A.  capillaris had 

the most cover on HH turves (HH � LN � H N ). In November and December, A. 

capi/laris had significantly more cover on HH turves. A.  odoratum was 

sign ificantly influenced by s ite in October and January. In these months,  A.  

odoratum had the most cover on HH turves,  but  not s ign ificantly more than H N  

turves. C. cristatus was significantly i nfluenced by s ite i n  November when it 

had the most cover on HN turves, but not s ignificantly more than H H  turves. F. 
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rubra was not s ign ificantly i nfluenced by s ite in any month , no F. rubra was 

fou nd in October and November. H. lanatus was significantly influenced by site 

in all months . In August, October and January, H. lanatus had significantly 

more cover  on LN turves . In September, H. /anatus had the most cover on LN 

turves but not significantly more than HH turves. I n  November and December, 

H. /anatus had the most cover on HH turves ,  but not significantly more than LN 

turves. L. perenne abundance was also sign ificantly influenced by site in  a l l  

months. L .  perenne had the most cover on HH  turves, but on ly  significantly 

more in N ovember and January. I n  other months the cover of L. perenne on 

H H  turves was not s ignificantly greater than on HN turves. Poa spp. cover was 

s ign ificantly infl uenced by site in al l  months except January. F rom August to 

November, Poa spp. had significantly more cover on H H  turves. I n  December 

Poa spp . sti l l  had the most cover on HH turves,  but not sign ificantly more than 

H N  turves .  

The cover of T. dubium was significantly influenced by site i n  Augu st and 

October, i n  both months having significantly more cover on H N  turves . No T. 
dubium was present in January .  T. rep ens cover was sign ificantly influenced by 

s ite in October and January. I n  both months T. repens had the most cover on 

LN tu rves, but not s ignificantly more than HN turves . The cover of L. 
pedunculatus was sign ificantly i nfluenced by site in all months .  L. peduncu/atus 

had significantly more cover on H N  turves i n  August, October and November. 

I n  September, December and January, it sti l l  had the most cover on HN turves, 

but not s ign ificantly more than LN turves. 

The cover of C. unif/ora was significantly influenced by site in all months. I n  

August and January, C. uniflora had significantly more cover o n  H N  turves .  In  

September, October and November, C. uniflora had the most cover on HN 

turves ,  but  not sign ificantly more than HH turves .  I n  December this was 

reversed with the H H  turves having the g reatest cover of C. uniflora . N. 

setulosa was significantly influenced by site in all months except December. I n  

August, September a n d  January, N. setu/osa had significantly more cover on 
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HH  turves. I t  had the most cover on HH turves in October and November also, 

but not s ignificantly more than HN turves. Other species cover was sign ificantly 

influenced by s ite in all months except September. In October, November, 

December and January, other species cover was significantly g reater on H N  

turves. I n  August it sti l l  had the most cover o n  HN  turves ,  but not s ign ificantly 

more than LN turves.  Flatweeds were significantly influenced by s ite i n  a l l  

months .  I n  a l l  months ,  flatweeds had sign ificantly more cover on LN turves, 

and in al l  months except December, significantly less cover on HH turves. I n 

December there was no significant d ifference i n  the cover of flatweeds on HN 

and HH  turves. The cover of Muscii spp. was sign ificantly influenced by s ite i n  

November, with no Museii spp .  being present on  the  HH  turves and the  cover of 

Museii spp .  on the HN and LN turves d iffering significantly. 

The cover of dead matter was significantly influenced by s ite in September, 

December and January. In  September, dead matter had the most cover on H H  

turves , but not Significantly more than  H N  turves . In  December, dead matter 

had sign ificantly more cover on HH turves and in January the most cover on HH  

turves , but not sign ificantly more than LN turves . 
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Table 6. 1 0  Summary of Prob>F val ues for s ite main effects on pasture 
cover (by point analysis) for each species i n  each month of the 
experiment. 
Species Aug Sept Oct Nov Dec Jan 

1 997 1 997 1 997 1 997 1 997 1 998 

A. capillaris 0 . 1 394 0 .2 1 63 0 .071 6 0 .005 1 0 .0034 0 .0 1 88 

A. odoratum 0 .3044 0 .4892 0 . 0473 0 .8376 0 .5809 0 .0845 

c. cristatus 0.9455 0 .7470 0 .3 1 85 0. 0789 0 .2034 0 .3638 

c .  uniffora 0 .000 1 0 .002 1 0 . 0074 0 .0043 0 .0054 0 .0001 

Dead matter 0 . 1 600 0 .0862 0 .2898 0 . 1 037 0 .0030 0 .0895 

F. rubra 0 .41 1 4  0 .3840 0 .3840 0 . 1 673 

Flatweeds 0 .0001 0 .000 1 0 . 0001 0.0001 0 .000 1 0 .0001 

H. lanatus 0 .0023 0 .0451 0 . 0001 0.0054 0 .0052 0 . 000 1 

L. perenne 0 .0228 0 .0043 0 .0086 0 .0309 0 .0785 0 . 0060 

L .  pedunculatus 0 .0049 0 .0803 0 .0307 0 .0057 0 .0640 0 .03 1 2 

Museii spp. 0 . 1 257 0 .2863 0 .4662 0 .0872 0 .8574 0 .3840 

N. setu/osa 0 .01 06 0 .0033 0 . 0990 0 .0555 0 . 57 1 7 0 . 00 1 9  

Other species 0 .0335 0 .2644 0 .0 1 79 0 .0322 0. 0334 0 .0257 

Poa spp. 0 .0001 0 . 000 1 0 .0001 0 .0002 0 .0524 0 . 1 2 1 3  

T. dubium 0 .0 1 88 0 .4782 0 .0 1 85 0 .8450 0 . 1 346 

T. repens 0 . 1 1 94 0 . 3424 0 . 0503 0 .6 1 85 0 . 1 346 0 . 0298 
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6. 4.2 .5. 4 Effects of site by stress factor interactions on individual species cover 

The only species that showed s ignificant s ite by stress treatment interactions 

were bare soi l ,  C. unifJora, dead matter, H. lanatus, L perenne , L 
pedunculatus, other species and T. dubium (Table 6 . 1 1 ). The % of bare soi l 

was s ign i ficantly i nfl uenced by a site by stress treatment interact ion in 

November. Bare soi l  was only present on the WT turves ,  and there was five 

t imes more bare soil on the HN  by WT turves (5%) than the HH  by WT or LN by 

WT turves .  There was a significant site by stress treatment interaction effect for 

C. uniflora in August, September and January. In August, the cover  of C. 
uniflora on HN by D turves was approximately five times g reater ( 1 6% )  than 

that present on any other turves. In September there was almost three t imes 

more C. uniflora on H N  by D turves (2 1 %) and in January there was two times 

more C. uniflora on H N  by D turves (42%) .  Dead matter cover was sign ificantly 

influenced by a s ite by stress treatment interaction in September. There was 

approximately e ight t imes more dead matter on HH  by C (9%) and H H  by WT 

(8%) turves than H H  by D ( 1 %)  and HH  by W ( 1 %) turves. On the H N  turves, 

there was no dead matter on H N  by W turves and two times more dead matter 

on H N  by 0 turves (7%) than H N  by C (2%) and HN  by WT (3%) turves .  

H. lanatus cover was significantly influenced by site by stress treatment 

i nteractions  in all months except September (Figure 6.2) .  I n  August, HH by D 

and HH  by W turves had three t imes more H. lanatus (20% and 1 8% 

respectively) than HH by C and HH  by WT turves (6% and 4% respectively). I n  

October, H H  by  W and LN by  C turves had approximately two times more H. 

lanatus (2 1 % and 20% respectively) than any others. I n  November, the H H  by 

W (35%), LN by W (20%) and LN by C (20%) turves had more than twi ce the 

cover of H. lanatus than any other turves. I n  December, HH by W turves had 

three times more H. lanatus (38%) than any other HH turves . LN by C turves 

had twice as much H. lanatus (29%) as LN by W ( 1 4% )  and LN by WT ( 1 3%),  

and LN by D turves were approximately ha lf as much (8%).  In  January,  HH by 

W turves h ad twice as much H. lanatus (27%) than any other HH turf. There 

was no H. lanatus on H N  by D turves. F igure 6 .2  i l lustrates the effect of the 
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treatment i nteraction (averaged over a l l  months)  that sign ificantly infl uenced the 

cover of H. lanatus on H H  by W and LN  by C turves. 

Table 6 .1 1 Summary of Prob>F val ues for s ite by stress factor interaction 
effects for pasture cover (by point analysis) in each month of the 
experiment 
Species Aug Sept Qct Nov Dec Jan 

1 997 1 997 1 997 1 997 1 997 1 998 

A. capillaris 0 .8394 0 .6670 0 .9339 0 .6099 0 .8222 0 .82 1 6  

A. odoratum 0 .3389 0 .6958 0 . 1 01 0  0 .5960 0 .7607 0 .4757 

Bare 0 . 1 808 0 .00 1 3 0 .9678 0 .4500 

C. cristatus 0.3997 0 .3286 0 . 7076 0 .9941  0 .3 1 83 0 .8543 

c. uniflora 0.0004 0 .0765 0 .2 1 48 0 .2 1 46 0 .3352 0 .0074 

dead matter 0.8773 0 .0066 0 .6730 0 .3034 0.3751 0 . 1 508 

F. rubra 0 .4226 0 .4500 0 .4500 0 .5868 

Flatweeds 0 .3431  0 .8598 0 .2329 0 .3850 0 .30 1 8 0 .8048 

H. lanatus 0.0885 0 .2964 0 .0006 0 . 0308 0.0335 0 .0800 

L. perenne 0. 7222 0 .2309 0 .0376 0. 7297 0 .50 1 8 0 .7991  

L .  peduncu/atus 0 .078 1 0 . 5524 0 . 52 1 5  0 . 0708 0 .21 20 0 .5379 

Muscii spp. 0 .7 1 82 0 .4837 0 . 7 1 27 0 . 1 026 0. 3489 0.4500 

N. setulosa 0 .3056 0 .344 1 0 .27 1 4  0.2661 0 .34 1 3 0 .4336 

other species 0.70 1 1 0 . 3461  0 . 0348 0 . 1 331 0 . 1 999 0 .0459 

Poa spp. 0.9642 0 .7533 0 .3079 0 .8032 0 .7093 0 .7 1 2 1  

T. dubium 0.4657 0 .6066 0 .9627 0 .8394 0 .08 1 9 

T. repens 0 .9248 0 .4463 0 . 1 536 0 .9306 0.4484 0 .9204 
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Figure 6.2 Average Holcus lanatus abundance over al l months, for each 
factor combination . 
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L .  perenne cover was significantly i nfl uenced by a site by stress factor 

interaction i n  October. There was nearly fou r  times more L.  perenne on H N  by 

W turves than any other HN turves and there was nearly two times more L .  
perenne on HH by W (8%) and HH by WT (9%) turves than other HH  turves. 

L. pedunculatus cover was sign ificantly i nfluenced by a site by stress factor 

interaction in  August and November. H N  by C turves had the greatest cover of 

L. pedunculatus (5%), fol lowed by H N  by W (3%). Only 3 other s ite by stress 

factors had any L. pedunculatus, HN by D ( 1  %) ,  LN by D (1 %) and LN by W 

(2%).  The cover of other species was significantly i nfluenced by a s ite by 

stress treatment interaction in October and January. I n  October, HN by W 

turves had greater than four  times more other species present than any other 

factor combination and in January g reater than three times more .  The cover of 

T. dubium was sign ificantly i nfl uenced by a s ite by stress factor interaction i n  

December, when H N  by  C and LN by  W turves had twice as much T. dubium 

(2%) than any other factor combination.  The only other treatment combinations 

where T. dubium was present were HN by WT and LN by WT turves .  

6. 4.2. 5. 5 Change in the cover offive species groups over time 

On the C treatment turves (Figure 6 .3 ) ,  the cover of f1atweeds increased 

steadi ly from August ( 1 7%) to peak at 30% in November. After the treatment 

change over, flatweeds cover decreased to approximately 20% in  January .  A.  

capillaris cover fluctuated from August to November, but with a genera l  

downward trend from 1 6% to 1 0% .  After the treatment change over, A .  

capillaris cover increased to approximately 22% and then decreased i n  January 

to 20%. Muscii spp . ,  L.  perenne and T. repens cover remained relatively 

constant throughout the experimental period . 

On  the D treatment turves (F igure 6 .3 ) ,  the cover of flatweeds stead i ly 

i ncreased from 20% in August to approximately 27% in December. A peak of 

flatweeds cover occurred after the treatment change over date, then cover 

decreased in January to below pre-treatment level ( 1 6%) .  A. capillaris 
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increased from August to September ( 1 3  to 1 5%) and then decreased again in  

October ( 1 0%) .  F rom October to January, A. capillaris cover increased to peak 

at 25% in  January .  L .  perenne cover decreased s l ightly as the D treatment 

became more severe in October and November, and then increased again on 

re-wetting to pre-treatment levels. The cover of Muscii spp.  and T. repens 

remained consistently low throughout the experiment. 

On  the W treatment turves (Figure 6 .3) ,  the cover of f1atweeds remained 

relatively constant throughout the experimental period , but with a s l ig ht 

decrease of approximately 5% in January. A.  capillaris cover decreased from 

August to October ( 1 7% to 9%) and then increased from November to January, 

to peak in January at 1 7%. L.  perenne cover increased sl ightly (by 3%) from 

August to September. L.  perenne cover remained constant into October, then 

decreased to reach a low in January of 4%. Muscii spp. fol lowed a s imi lar 

pattern of cover to L .  perenne. T. repens cover fluctuated from month to 

month .  

On the WT turves (F igure 6 .3)  the cover of  f1atweeds increased from August to 

September (20 to 26%), then decreased to a low of approximately 1 3% in  

December. I n  January ,  cover increased again to  1 5% .  A.  capillaris cover 

d ropped by 1 2% from August to September, then i ncreased to a peak in 

November (27%) .  There was another decrease to 22% in December, then an 

i ncrease in January to a peak of 33%. T. rep ens cover i ncreased s l ightly (by 

3%) over the entire experimental period , with peak cover occurring in  October 

( 1 2%) .  L.  perenne cover fluctuated very l ittle over the experimental period . 

Muscii spp.  accounted for only 1 % of composition i n  a l l  months except 

September when it was 5% of total composition .  
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Figure 6.3 The effects of stress factors on the % abundance of five 
species groups. The arrow indicates the treatment change over date . 
• =A. capillaris _ = L. perenne b.=T. rep ens x = flatweeds O=Muscii spp. 
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On the LN turves (Figure 6 .4)  the cover of flatweeds increased from 33 to 40% 

from Aug u st to S eptember and then remained relatively constant unti l January ,  

when i t  decreased to approximately 37%. A .  capi/laris cover decreased from 

1 7% to 1 0% from August to September, remained static i n  October and then 

slowly increased to peak at 23% in January. T. repens cover fluctuated by only 

2% throug hout the experimental period , and L. perenne and Muscii spp. cover 

fluctuated very l ittle .  

On the HN turves (Figure 6 .4 )  f1atweeds cover peaked in November at  25% and 

was l owest in  January ( 1 1 %) .  A. capillaris cover decreased from 1 5% i n  

August to 6% in  October. A.  capillaris cover then increased to peak at  1 5% i n  

December and decreased slightly in  January ( 1 4%) .  The cover of  L .  perenne, 

T. repens and Muscii spp. fluctuated very l ittle, and all three species fol lowed a 

simi lar pattern when changes d id occur. A sl ight increase in cover occurred for 

al l  species in September. T. repens cover increased to 1 0% in December. 

On the H H  turves (Figure 6 .4) ,  A .  capillaris cover decreased from August to 

September (20 to 1 3%).  From September to January, A.  capillaris cover 

increased , but at a decreasing rate , to peak in January at 33%. The cover of 

the remaining species varied relatively l ittle over the experimental period . L. 

perenne a nd flatweeds were very simi lar i n  their pattern of cover, as were 

Muscii spp . and T. repens. 
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Figure 6.4 The effects of site on the % abundance of five species groups. 
The arrow indicates the treatment change over date . 
• =A. capillaris _ = L. perenne tl=T. repens x = flatweeds O=Muscii spp. 
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6.4.3 Advanced data analysis 

6.4.3.1  MANO VA of point quadrat and pasture dissection data 

The results of the point quad rat analysis (Table 6 . 1 2) indicated that block was a 

sign ificant effect i n  October, site in al l  months of the experiment, stress factors 

in Septem ber, October, November and December and s ite by stress factor 

interactions in September and October. 

MANOVA on the ful l  d issection data (Table 6 . 1 3) ind icated that block was not a 

s ign ificant effect in  e ither September or February, s ite and stress factors were 

s ign ificant effects in  September and February, and the s ite by stress factor 

interaction was not s ignificant in e ither month .  

6.4.3.2 Canonical correlation for comparison of the point quadrat analysis with full 

pasture dissection as a techniquefor predicting pasture composition 

I n  September the canon ical correlation coefficient for the comparison of pasture 

composition  using point analysis and ful l  d issection was 0 .77 (Table 6 . 1 4) .  This 

was a s ign ificant correlation (P = 0 .0003) .  The canonica l  corre lation coefficient 

for the d ata col lected in February was 0 .36 which was not a sign ificant 

correlation (P = 0 . 1 47 1 ) .  
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Table 6. 1 2  MANOVA test on point ana lysis data to determine pasture 
composition, using Wilks '  Lambda criteria for the nul l  hypothesis of no 
overa l l  effect. 
Month B lock S ite Stress S ite by Stress 

treatment treatment 

August 97 0 .03 1 4  0 .0004 0 . 1 397 0 . 1 34 0  

Septem ber 97 0.4398 0 .01 86 0.0777 0 .0892 

October 97 0 .0304 0 .000 1 0 .0001 0 .0485 

November 97 0 . 1 1 68 0 .00 1 3 0 .0065 0 .6746 

Decem ber 97 0 .8452 0 .0003 0 .09 1 4  0 . 1 274 

January 98 0 .78 1 8  0 .0001 0 .2069 0 . 1 974 

Table 6.1 3 MAN OVA test on pasture dissection data to determine 
botan ical composition, using Wilks' Lambda criteria for the nul l  
hypothesis of no overal l  effect. 
Month B lock S ite Stess S ite by Stress 

September 97 0 . 1 070 

February 98 0 . 1 898 

0 .000 1  

0 .0002 

treatment 

0 .0033 

0 .0984 

treatment 

0 . 1 887 

0 . 1 554 

Table 6.1 4 Canonical correlation analysis to compare the use of point 
analysis as an estimate of pasture composition with ful l  pasture 
dissections carried out in September 1 997 and February 1 998 . 
Month 

September 97 

February 98 

Canonical Correlation 

Coefficient 

0 .7678 

0 .3672 

Prob >F 

Wilks Lambda statistic 

0 .0003 

0 . 1 47 1  
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6.4.3.3 Shannon Diversity Index and species richness - differences between 

treatments and months 

For s ites, both species richness and Shannon d iversity were h ighest for the H N  

tu rves , fol lowed by H H  turves and then LN  turves which had the lowest d ivers ity 

(Table 6 . 1 5a) .  There was a h ighly sign ificant d ifference between  sites based 

on both Shannon d iversity and species richness. 

The stress factors were s ignificantly d ifferent for both Shannon  d iversity and 

species richness (Table 6 . 1 5b) .  Both d iversity ind ices were h ighest on the C 

turves ,  fol lowed WT, W then the D turves. 

Over t ime, Shannon d ivers ity and species richness fol lowed the same pattern 

(Table 6 . 1 5c) .  Species richness d ecreased from 9.9 species per 1 00 point 

quadrat h its in August ,  to 6 .7  species per 1 00 point quadrat hits in December. 

In January species richness i ncreased s l ightly to 6.8 species per 1 00 point 

quadrat hits. There was a highly sign ificant d ifference between months based 

on both Shannon d iversity index and species richness. 

6.4.3.4 Species richness and dry matter production 

The R2 val ues for the relationsh ip  between species richness and dry matter 

produ ction , for a l l  months,  were very low, rang ing from R2=2% in August and 

December to R2=7% in October. The relationship between species richness 

and d ry matter production was only S ign ificant in  October (P  = 0 .0683) .  

A sign ifican t  relationship between dry matter production and species richness 

only occurred on LN turves in  September (R2=27%) and January (R2= 1 8%) and 

on HN  tu rves in  November (R2=33%) (Table 6 . 1 6) .  No other  main effects 

showed a significant relationship between species richness and dry matter 

production .  

S ite and stress factor combinations (when pooled over the experimental period)  

that showed a s ignificant relationsh ip between d ry matter p roduction and 
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species richness included LN by W (R2=1 2%).  LN by WT (R2=1 2%)  and H N  by 

W ( R2=22%) (Table 6 . 1 6) .  

Table 6.1 5 Shannon Divers ity Index and Species Richness for (a) site, 
(b) stress factors and (c) months. 
(a)  

Divers ity 

I ndex 

Richness 

S hannon 

(b)  

D ivers ity 

I ndex c 

LN 

6 .4 

1 .43 

Richness 8. 1 

S hannon 1 .67 

(c) 

Month 

97 

Sept 97 

Qct 97 

Nov 97 

Dec 97 

Jan 98 

SEM 

Prob>F 

D 

H N  

8 .8 

1 .77 

7 .2  

1 .51  

W 

7 .5  

1 .59 

Shannon 

1 

1 .7 1  

1 . 54 

1 .50 

1 .49 

1 .56 

0 . 04 

0 .0001  

HH 

7 .6 

1 .6 1  

WT 

7.6 

1 .64 

SEM 

0.2 

0 .03 

SEM 

0 .2  

0 .03 

Richness 

7 .7 

7 .3 

7 .2 

6 .7 

6.8 

0.2 

0.0001 

Prob>F 

0 .000 1 

0 .000 1 

Prob>F 

0 .0086 

0 .0039 
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Table 6.1 6 Significant relationships between species richness and dry 
matter production (kg DM/ha/day) identified on treatments applied. 
Treatment Month S lo pe R2 Prob>F 

LN Sept 97 + 27 0 .0485 

Jan 98 + 1 8  0 .0928 

H N  Nov 97 + 33 0 . 0305 

LN by W pooled over al l  + 1 2  0 .0884 

months 

LN by WT pooled over al l  + 1 2  0 . 0907 

months 

HN by W pooled over al l  + 22 0 .0283 

months 
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6.4.3.5 Dry matter accumulation from functional groups 

I n  August and September (Table 6 . 1 7) ,  h igh ferti l ity responsive g rasses 

produced the most d ry matter when averaged over al l  turves (25 .3  and 25 .8  kg 

O M/ha/day, respectively). Other legumes produced the least d ry matter in  

August and September (both 1 .8 kg OM/ha/day). I n  October, November and 

December, flatweeds produced the most d ry matter (22,  23 . 1  and 22 .6  kg 

OM/ha/day,  respectively). In October, other legumes again produced the least 

d ry matter (2.2 kg O M/ha/day) and in November, December and January, L. 
perenne produced the least d ry matter (3 .6 ,  3.4 and 3.4 kg OM/ha/day,  

respectively) .  In  January, the A. capillaris functional group produced the most 

d ry matter. 

The contribution of the A .  capillaris functional group (Table 6 . 1 7) to d ry m atter 

production decreased from August to September and October, and then 

increased from November to January. The high ferti l ity respons ive grasses 

g roup contribution to d ry matter general ly decreased as the experiment 

progressed , though there was a s l ight increase in November (from 1 4.4 to 1 5. 7  

kg  O M/ha/day). The L .  perenne group contribution remained relatively static i n  

August, September and October, and then decreased by 1 kg OM/ha/day i n  

November and  remained a t  that level in  December and January. The 

contribution of other legumes to dry matter production general ly increased over 

time with a s l ight decrease of 0 .5  kg OM/ha/day in January. Other species 

contribution general ly increased over time except for a decrease of 4 . 5  kg 

OM/ha/day in  November. Other species contribution to d ry matter continued to 

increase in  December and January .  T. repens contribution remained rel atively 

constant throughout the experiment with only a sl ight decrease in d ry matter 

produced i n  November (from 4 .4 to 3 .8 kg OM/ha/day). The contribution of 

flatweeds i ncreased from August to November, then in December and January ,  

decreased . 
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Table 6. 1 7  Ory matter accumulation rate (kg OM/ha/day) for functional 
groups. HFRG = high fertil ity responsive grasses and LFTG = low ferti lity 
tolerant grasses. 
G roup Aug Sep Oct Nov Dec Jan 

1 997 1 997 1 997 1 997 1 997 1 998 

A. capillaris 1 6. 7  1 1 .0 1 1 .0 1 6.8  20 .4 23 .5  

HFRG 25.3 25.8 1 4 .4 1 5. 7  1 4 . 1  1 3 .9  

LFTG 1 4. 3  1 1 . 1  1 1 .2 8 .5  9 .7  8 .3  

L .  perenne 4.4 4.8 4 .4 3 .6 3 .4 3 .4 

other legumes 1 . 8 1 .8 2 .2  3 .9  5 .3 4 .8 

other species 5.9 1 5 . 5  1 5 .2 1 0 .7  1 5. 0  20 .9  

T. repens 3.6 4 .6 4 .4 3 .8  4 .8  4 . 7  

Flatweeds 1 8.9  22. 1 22.0 23. 1 22.6 1 6 .9  

SEM 1 .2 1 . 5 1 . 3 1 .4 1 .7 1 .7 

Prob>F 0 .0001 0 .0001 0 .0001 0 .0001 0 .0001 0 .0001 
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6.4.3.6 The effect of site on functional group cover 

Functional groups that were significantly influenced by site i n  al l  months 

included h igh fertil ity responsive g rasses, L. perenne, other legumes, other 

species and flatweeds (Table 6 . 1 8) .  The low ferti l ity tolerant functional group 

was not significantly affected by s ite in  any month . The h igh ferti l ity responsive 

functional g roups had the most cover on the HH s ite, but only significantly so in  

August, September, October and November. I n  December and January ,  the 

HH turves did not have s ign ificantly more h igh ferti l ity responsive grasses than 

LN tu rves. 

The L .  perenne functional group also had the most cover on the HH turves in 

every month, but only S ignificantly so in  August ,  November and January. I n  

September, October and December, there was no significant d ifference 

between H H  and HN turves. The other legumes functional group had the most 

cove r  on H N  turves in a l l  months, but only significantly more than the LN turves 

in  August, October and November. The other species functional group a lso 

had the most cover on the HN turves, but only significantly more than the H H  

turves i n  August ,  November and January. The f1atweeds  functional group had 

sign ificantly more cover on the LN turves in  al l  months and sign ificantly less 

cover  on the HH turves in  al l  months. The cover of the low ferti l ity tolera nt 

grass functional group was only sign ificantly influenced by s ite i n  October, and 

th is  was on ly a marginal influence (P  = 0 .0949). The cover of the A.  capillaris 

functional g roup was sign ificantly i nfluenced by s ite in  October, November, 

December and January. I n  a l l  months the A. capillaris functional g roup had the 

most cover on the HH  turves, but only Significantly more in November and 

December. The cover of the T. rep ens functional group was only s ignificantly 

influenced by s ite in December and January. I n  December, the T. repens group  

had the  most cover on  the H N  turves ,  but not s ignificantly more tha n  LN turves , 

and i n  January it had more cover on the LN turves ,  but not significantly more 

than the H N  turves .  
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Table 6.1 8 Summary of Prob>F values for pasture cover of functional 
g roups for sites over all months 
Functional Aug 1 997 Sept 1 997 Oct 1 997 Nov 1 997 Dec 1 997 Jan 1 998 
g roup 

A.  capillaris 0 . 1 394 0 .21 09 0 .07 1 6  0 .0051 0 .0034 0 .0 1 88 

H FRG 0 .0003 0 .0009 0 .0001 0 .000 1 0 .0031 0. 0007 

L FTG 0.5842 0.7065 0. 0949 0 .6726 0 .66 1 6 0. 1 1 83 

L. perenne 0 .0228 0 .0040 0 .0086 0 .0309 0 .0785 0 .0060 

other legumes 0 .001 0 0 .0949 0 .0067 0 .0077 0 .0377 0 . 03 1 2  

other species 0 .00 1 9  0 .0022 0 .0090 0 .0007 0 .06 1 6  0 .0001  

T. repens 0 . 1 1 94 0 .3691 0 .0503 0 .6 1 85 0 .0670 0 .0298 

Flatweeds 0 .0001 0 .0001  0 .000 1 0 .0001 0 .0001 0 .0001 
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6.4.3. 7 The effect of stress factors on functional group cover 

1 84 

The stress factors d id not have a sign ificant effect on functional g roup cover 

u nt i l  October and no functional groups were significantly influenced by a stress 

factor for more than three months (Table 6 . 1 9) .  The A .  capillaris functional 

g roup was only significantly i nfluenced by stress factors in  November, at which 

t ime it had sign ificantly more cover on the WT turves than any other. The h igh 

fert i l ity responsive functional group was significantly influenced by the stress 

factors in October and November. I n  both months the h igh fertil ity responsive 

g roup had the most cover on the W treatment turves (but not significantly so), 

fol lowed by the C, WT and D tu rves. 

The cover of the low fert i l ity tolerant grass group was only Significantly 

infl uenced by stress factors in October and December, when the low ferti l ity 

tolerant group had s ign ificantly more cover on the WT turves .  The L .  perenne 

functiona l  group was s ignificantly infl uenced by stress factors in October when 

it had the most cover on the W turves ,  but not s ignificantly more than the WT 

turves . 

The other legumes functiona l  group was significantly i nfluenced by stress 

factors in November and December. I n  both months, the other legumes 

functional group had the most cover on the W treatment turves ,  but not 

s ign ificantly more than the WT or C turves . The other species functional group 

was s ignificantly i nfluenced by stress factors only in October. It had the most 

cover on  the W treatment turves, but not s ignificantly more than the C or D 

turves. The T. repens functional group  was significantly i nflu enced by stress 

factors in October, December and January. I n  October, the T. repens group 

had s ignificantly more cover on the WT turves. I n  December and January, it 

sti l l  had the most cover on the WT turves , but not s ign ificantly more .  The 

flatweeds functiona l  g roup was only s ignificantly influenced by stress factors in  

November and December. In  November, it had the most cover on the C turves , 

but not Sign ificantly more than D turves .  I n  December, the flatweeds functional 
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g roup had the most cover on  the 0 turves , but not s ign ificantly more than C 

turves .  

Table 6. 1 9  Summary of Prob>F values for pasture cover of functional 
groups for stress factors. 
Functional Aug 97 Sept 97 Qct 97 Nov 97 Dec 97 Jan 98  

group 

A. capillaris 0 .3362 0 . 1 389 0 .7287 0 .0067 0 .4668 0 . 1 49 0  

H F RG 0 .3 1 66 0 .903 1 0 . 0 1 84 0 . 0031 0 .3826 0 .27 1 8 

LFTG 0 . 1 500 0 .0973 0 .0 1 1 9  0 .851 7 0 .0034 0 . 1 61 1 

L perenne 0 .6639 0 .2558 0 .0061 0 .3540 0 .8488 0 .9051  

other  legumes 0 . 1 060 0 .4 1 42 0 . 1 300 0 .0735 0 .0659 0 . 1 22 1  

other species 0 . 1 1 36 0 .3069 0 . 0855 0 .3009 0 .0777 0 . 1 89 5  

T. repens 0 .0387 0 .4088 0 .0075 0 . 1 661  0 .08 1 9 0 .0 1 1 7  

Flatweeds 0 .9 1 67 0 .6295 0 . 1 473 0 .0207 0 .0830 0 .68 1 4  
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6.4.3.8 The effect of site by stress factor interactions on functional group cover 

Sign ificant effects of site by stress treatment interactions on functional  group 

cover only occurred for h igh ferti l ity responsive grasses, L.  perenne, other 

legumes a nd other species (Table 6 .20) .  Significant i nteractions were observed 

in October, November and December for the high ferti l ity responsive grass 

functional  group.  In October and November, the h igh fertil ity responsive g rass 

functional group accounted for approximately twice as much cover on the HH  

by W turves than any other tu rves .  I n  December, the high fertil ity responsive 

g rass functional group accounted for twice as much cover on HH by W turves 

than on any other turves, with the exception of LN by C turves .  The cover of 

the high fertil ity responsive functional  group on the LN by C turves was 

approximately one and a half times that on any other turves . 

The L. perenne functional group was significantly influenced by a s ite by stress 

factor interaction in October. There were relatively h igh levels of the L. perenne 

functional group on H N  by W, H H  by W and HH by WT turves.  The other 

legumes functional group  was Sign ificantly i nfluenced by a site by stress factor 

interaction in August. The cover of the other legumes group on HN by C and 

HN by W turves was relatively h igh .  The other species functional  group  was 

sign ificantly i nfluenced by a site by stress factor interaction in December, when 

the cover of the other species functional group was twice as g reat on H N  by W 

turves than any other site by stress factor combinations. 
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Table 6.20 Summary of Prob>F values for pasture cover of functional 
groups for site by stress factor interactions 
Functional  Aug 97 Sept 97 Oct 97 Nov 97 Dec 97 Jan 98 

group 

A. capillaris 0 .8394 0 .6347 0 . 9339 0 .6099 0 .8222 0 .82 1 6  

H FRG 0 .599 1 0 .9 1 47 0 . 0285 0 .0203 0 .0575 0 . 1 084 

L FTG 0 .6525 0 . 1 375 0 .3769 0 . 78 14  0 .5997 0 .8804 

L. perenne 0 .7222 0 .2642 0 .0376 0 .7297 0 .50 1 8  0 . 7991  

other legumes 0 .0932 0 .4979 0 .4708 0 . 1 824 0 . 1 1 1 6 0 .5379 

other species 0 .6808 0 .5998 0 .2203 0 .3656 0 .0672 0 .4503 

T. repens 0 .9248 0 .4249 0 . 1 536 0 .9306 0.4484 0 . 9204 

Flatweeds 0 .3431 0 .8502 0 . 2329 0 .3850 0 .30 1 8 0 . 8048 
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6.4.3.9 The variation in the cover offullctional groups over time 

The cover of the A .  capiflaris, the low fertil ity tolerant g rass, the f1atweeds and  

the  other species functional  g roups over time was reasonably stab le over a l l  

treatments, with a few exceptions (Figure 6.5) .  On the WT turves the variation 

in the cover of the A. capil/aris group was g reater than any other  treatment. 

The  variation in  the cover of the low fertil ity tolerant g rass g roup was relatively 

h igher  on the LN and W turves. F latweeds had a sl ight decrease in the amount 

of variation on the LN turves. The variation i n  the cover of the other species 

functional  group was s l ightly h igher on the 0 turves. 

The variation in the cover of the L. perenne group was low on the H H  turves 

and high on the LN turves compared with the other treatments. The variation i n  

the cover o f  the h igh fertil ity responsive g rass functiona l  g roup was h igh on H N  

a n d  0 turves a n d  low o n  LN and W turves . The variation i n  the cover of the T. 

repens functional group was h igh  on C turves a nd relatively low on WT, LN and 

H H  turves. The variation i n  the cover of the other legumes functional group 

was variable .  Th is  was d ifficult to interpret because very large  coefficients of 

variation were created by other legumes not being present on some turves. 
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Figure 6 .5  Coefficient of variation of the cover of the functional groups 
over the experimental period. 

1 89 

Aca=A. capillaris, LFT=low fertil ity tolerant g rasses, Lol=L. perenne, HFR=high ferti l ity 
responsive grasses, Trp= T. repens, OL=other legumes, flats=flatweeds and OS=other 

s pecies . 
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6.4.3.10 Growth jlush i1l the recovery phase 

There appeared to be a flush of growth in the recovery phase (F igure 6 .6 )  and 

the rate of herbage accumulation in  that flush d iffered between treatments. 

The regression slopes of the herbage accumulation curves over the entire 

recovery period showed that the D turves had the greatest herbage 

accumu lation rate, fol lowed by the C turves, the W turves and the WT turves 

(Table 6 .2 1 a ) .  Only the D and the WT turves d iffered s ignificantly in terms of 

herbage accumulation rate. 

I n  the first part of the recovery phase (days 3 - 24 after change over), where the 

herbage accumulation curves appear the steepest (F igure 6 . 6) ,  the reg ression 

slopes of the curves showed that the D turves had a sign ificantly h igher 

herbage accumulation rate than a l l  other treatments . The W turves had a 

sign ificantly h igher herbage accumulation rate than the C and WT turves, which 

did not differ sign ificantly (Table 6 . 2 1 b) .  

In  the second ha lf of  the recovery period (days 24 to 65)  the reg ression slopes 

of the herbage accumulation curves indicated that there was no sign ificant 

d ifference in the rates of herbage accumulation between treatments (Table 

6 .2 1  c) .  

6. 4.3. 1 0. 1  EfFects of tillering on herbage accumulation flush 

There were no significant relationsh ips between ti l ler number and dry matter 

accumu lation in late November, December and January (recovery phase),  over 

a l l  treatments and for each i ndividual  treatment. 
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Figure 6 .6  Herbage accumulation rate for four pasture treatments 
(numbers at the top of the graph indicate the days into the recovery 
period). 
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Table 6.21 Regression between herbage accumulation rate (kg 
OM/ha/day) and time (days) for each stress factor. 
(a) For the entire recovery period (3 - 65  days after change over) . 

Treatment Slope R2 (%) SEM 

C +0.431 0.90 0 .0647 

0 +0.552 0 .53 0 .2305 

W +0 .378 0 .69 0 . 1 1 2 1  

WT +0.235 0 .74 0 .06 1 7  

(b) For the first part of the recovery period (3 - 24 days).  

Treatment Slope R2 (%) SEM 

C +0.547 0 .92 0 . 1 620 

0 +2 .0 1 6  0.92 0 .6 1 20 

W + 1 . 1 1 5  0.95 0.2690 

WT +0 .520 0.99 0 .01 03 

(c) For the second part of the recovery period (24 - 65 days) .  

Treatment Slope R2 (%) SEM 

C +0 .506 0 .79 0 . 1 826 

0 +0.235 0 .28 0 .2665 

W +0 .374 0 .82 0 . 1 243 

WT +0.378 0 .91  0 .0808 

1 92 
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6. 4. 3. 10.2 Effects of leaf extension on herbage accumulation flush 

When leaf extension rate was averaged over al l  5 species and regressed with 

dry matter accumulation in the recovery phase (late November, December and 

January), the C turves showed significant relationships in November and 

December (P = 0.0433 and P = 0.006 1 , respectively), the W turves in 

November (P = 0.0039), the WT turves in December (P = 0 .0024) and the D 

tu rves showed no sign ificant relationship in any month . 

When the relationship between leaf extension and dry matter accumulation was 

examined for each individua l  species on each treatment, there were several 

d ifferent significant relationships in each month (Table 6.22) .  I n  November, 

there were six combinations of species and treatment that showed a significant 

relationship between leaf extension and dry matter accumulation.  Of these six, 

five showed a positive , and one (T. repens on the D treatment tu rves) showed a 

negative relationship (Table 6.22a) .  I n  December, there were seven species 

and site combinations that showed a sign ificant positive relationship (Table 

6.22b) .  I n  January, only two species by treatment combinations showed a 

sign ificant relationship, one positive and the other negative (Table 6 .22c). 
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Table 6.22 Species by treatment interactions exhibiting significant 
regressions between leaf extension (mm/day) and dry matter 
accumulation rate (kg OM/ha/day) for (a) November, (b) December and (c) 
January 1 997. 

(a)  

S pecies 

A.  capillaris 

A .  odoratum 

A. odoratum 

H. lanatus 

L. perenne 

T. repens 

(b)  

Species 

A. odoratum 

H. lanatus 

H. lanatus 

L. perenne 

L. perenne 

T. repens 

T. repens 

(c) 

Species 

A. capillaris 

L .  perenne 

Treatment 

W 

C 

WT 

C 

C 

D 

Treatment 

WT 

C 

WT 

C 

W 

C 

WT 

Treatment 

D 

WT 

R2 (%) 

0.75 

0.39 

0.40 

0 .64 

0 .39 

0.99 

R2 (%) 

0 .49 

0 .39 

0 .64 

0 .54 

0 .36 

0 .37 

0 .56 

0.37 

0.37 

Prob > F  

0.0024 

0 .0708 

0 .0665 

0 .0096 

0.0732 

0 .0060 

Prob > F  

0 .0364 

0.071 9 

0 .01 74 

0 .0237 

0 .0865 

0 .0842 

0 .0 1 96 

Prob > F  

0.0820 

0 .08 1 1 

Slope 

+ 

+ 

+ 

+ 

+ 

Slope 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Slope 

+ 
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6.5 Discussion 

6.5.1 Introduction 
The phys iolog ical responses that occurred for both the moisture and treading 

treatments are d iscussed for each species . Botan ical composition changes 

under each of the treatments are a lso d iscussed , as is the resistance and 

resi l ience of species to the imposed stresses. 

6.5.2 Pasture responses to moisture 

The moistu re treatments appl ied to the turves were designed to create moisture 

deficit and excessive moisture . The results of the experiment ind icated that 

moistu re deficit (0 treatment turves) had a far greater negative influence on 

pasture production than the wetting treatment (W treatment turves) .  

6.5.2. 1 Morphological changes 

Turner and Begg ( 1 978) suggested that some morphological responses , such 

as leaf area development, t i l lering and root growth ,  are more sensitive to water 

deficits than some physiolog ical processes, such as photosynthesis and 

respiration .  No measures of physiolog ical changes with moisture stress were 

taken in this experiment, but several morpholog ical measurements were :  t i l ler 

counts , leaf extension rates , dry matter accumulation rates and root growth . 

6. 5.2. 1 . 1 Tillers 

Til lering on the 0 treatment turves was reduced , though not sign ificantly, as the 

intensity of the water deficit increased from September to peak moistu re deficit 

of approximately 1 3% volumetric soi l moisture content in November. A 

regression of soil volumetric moisture content and ti l ler number, over the period 

September to November, resulted in a positive relationship between ti l ler 

number and soi l moistu re (Slope=O .009,  R2=96%). This reduction in  t i l ler 

number with increasing moisture deficit may have been brought about by two 

mechanisms. The first is the increased rate of ti l ler death u nder d rought 

cond itions .  Sheehy et al. ( 1 975) fou nd that when the leaf water potential of L.  

perenne was al lowed to fal l  to 1 .5 MPa,  the weight of dead ti l lers increased to 
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50% of total d ry weight. The other mechanism is through reduction in  new 

ti l ler g rowth . Perry and Larson ( 1 974) showed in Medicago sativa that the 

red uction of soi l water to 50% of field capacity reduced both the number of 

primary shoots and the regrowth of shoots after defol iation . Both these 

mechanisms are designed to reduce total plant leaf area from which 

evapotranspiration can occur, hence reducing water loss from the plant .  

During recovery, D treatment turves exhibited an increase in t i l ler numbers and 

t i l ler number was greater at the end of the recovery period than at the start of 

the experiment in September. Such compensatory growth is proposed to come 

from rapid expansion of cel ls which had continued to d ivide during water deficit 

(Turner and Begg, 1 978). 

6.5.2. 1 . 2  Leaf extension 

Leaf extension rate decreased significantly in the stress phase on the 0 
treatment turves compared to the control turves . I n  the recovery phase 

however, leaf extension rates on the D treatment turves showed a 

compensatory effect, by having h igher than in itial leaf extension rates and 

higher leaf extension rates than any of the other treatments. 

Cel l  growth or expansion is the most sensitive of the plant processes to water 

stress, due to its dependence on turgor pressure (Hsiao and Acevedo, 1 974). 

H igh  turgor pressure is required for cel l  expansion because the structu ral  

characteristics of the cel l  wa l l  do not permit extension when tu rgor pressure 

fal ls below a threshold value .  This threshold value varies between species, but 

Turner and Begg ( 1 978) suggest that leaf extension for most pastu re species 

wi l l  be markedly decreased at leaf water potentials below 0 .4 MPa.  The range 

of turgor pressures al lowing cell expansion can be narrow (Boyer, 1 973) ,  which 

makes leaf extension sensitive to moisture fluctuations .  Most species for 

example,  wil l cease leaf elongation completely at leaf water potentials of - 1  

M Pa (Turner and Begg, 1 978). This range also varies for d ifferent species 
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(Turner a nd Begg,  1 978) and is  one of the mechanisms d ifferent species use to 

cope with water deficit situations. 

I n  this experiment, the species responded qu ite d ifferently to the water deficit 

treatment, particularly in the recovery phase when L. perenne leaf extension 

was greater than that of any other species (Figure 6 . 1 ) .  Leaf extension ceased 

for all species as the 0 treatment turves approached maximum water d eficit of 

approximately 1 3% volumetric soil moisture content. Which species ceased 

leaf elongation first was not apparent in this case as measurements were only 

taken at monthly intervals. I n  an experiment (Davis, 1 995) on the effects of 

moisture deficit on h i l l pasture species, leaf elongation ceased the earl iest in L.  

perenne. Other species such as A. capillaris and H. lanatus, were found to be 

slower tha n  L. perenne to show signs of leaf extension ceasing .  T. repens 

petiole extension d id not cease entirely in the Davis ( 1 995) experiment. 

During the recovery phase, L. perenne showed the fastest and g reatest 

increase in leaf extension. Th is compensatory leaf extension may be due  to 

cell d ivision continu ing to occu r once leaf extension stopped (Hsiao and 

Acevedo, 1 974) .  In Figure 6 . 1 ,  a large increase in the leaf extension rate of L.  

perenne occurred on the D treatment turves after re-wetting . I n  the Davis 

( 1 995) experiment, A. capillaris and H. lanatus d id not recover at al l from 

severe water stress. I n  this experiment, however, they d id recover, along with 

A. odoratum, to a leaf extension rate of 6 mm/day (more than half that of L. 

perenne). Towards the end of the recovery period , leaf extension rate slowed 

for L. perenne and increased sl ightly for A .  odoratum and H. lanatus which 

resulted in these 3 grass species having simi lar leaf extension rates at the end 

of the experimental period . The slowing of leaf extension rate for L.  perenne 

was probably due to cel l  d ivision and expansion rates returning to normal after 

the in itial flush in the recovery period . The increase in extension rate for A. 

odoratum and H. lanatus may have been due to cel l  d ivision levels return ing to 

pre-stress levels. Leaf extension rate d id not appear to be affected on the W 



Chapter 6 1 98 

treatment turves as there was sufficient moisture for leaf extension to proceed 

unh indered . 

6.5.2.2 Herbage accumulation rate 

The herbage accumulation rate on the turves was significantly influenced by the 

moistu re treatments. 

Rates of herbage accumulation were slow to differentiate between the 

treatments, probably due to the h igh soi l  moistu re levels at the beg inning of the 

experiment.  All turves were ful ly watered at the start of the experimental period 

(approximately 40% VSMC) .  Over the 60 day period before a d ifferentiation i n  

herbage accumulation rate became apparent, volumetric soil moisture content 

wil l have altered accord ing to the treatment applied , the pastu re species wil l  

have recognised that moisture levels had changed , and cel lu lar processes wil l  

have occurred with the primary aim of ensuring plant surviva l .  As the moisture 

defic it increased towards the end of the stress phase, these morphological 

changes increased resulting in suppressed herbage accumulation rates on the 

o tu rves .  

From 85 days to the end of the stress period (approximately 1 1 0 days) the W 

turves had the highest herbage accumulation rates .  The most l ikely 

explanation for th is was that the control turves had enough plant avai lable 

water to ensure plant survival and to maintain levels of herbage accumulation ,  

but on the W treatment turves where volumetric soil moistu re content was 

approximately 60%, the extra water available may have been uti l ized by the 

plants for increased rates of leaf extension , the rate of which is d i rectly affected 

by soi l moisture (Hsiao and Acevedo, 1 974). This effect may have been 

accentuated in the glasshouse as the experiment proceeded due to the 

approach of summer and temperatures both outside and i nside the g lasshouse 

were increasing . Having a volumetric soi l  moisture content of 60% may have 

al leviated some heat stress that cou ld have occurred on the tu rves with the 

lower volumetric soil moistu re content of 40% (control turves) .  The effects of 
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heat stress on the plants were not measured , however, nor was the change in 

temperature in the g lasshouse as the season progressed. Soi l temperatures 

were h igher i n  the second phase of the experiment than the first (Table 6.2) .  

I n  the recovery phase, the release of the turves, particu larly the D treatment 

turves, from the applied moistu re stress resu lted in increased rates of herbage 

accumulation . The recovery period had two phases. The first was the in it ial 

flush  of g rowth that occu rred immed iately fol lowing the removal of the moisture 

stress. This period lasted for approximately 25 days after the stress removal .  

D a n d  W treatments showed the greatest increase i n  herbage accumulation .  I n  

addition to the removal of the moisture stress itself, NH4+ a n d  N03· can be 

released upon re-wetting of d ry soi l ,  which can also resu lt in a flush of growth . 

Concentrations of these were measured in the soil approximately one month 

after the change-over period and no d ifferences in the levels of these nutrients 

were found between treatments . I t  is possible that the release of these 

nutrients had occurred and had been absorbed by the plants or soi l organ isms 

by the t ime the soil tests were carried out. Twenty fou r  days into the recovery 

period , the rates of herbage accumu lation were beginn ing to slow, ind icating 

that the effect of the cause of the growth flush  was dimin ishing.  

The flush of growth on the W treatment turves may have been contributed to by 

a release of plant avai lable n itrogen with removal of excess moisture ,  resu lting 

in i ncreased herbage accumulation rates, but again ,  the soi l  N tests may have 

been too late to pick up any d ifferences. An increase in soil temperatu re also 

occurred on the W treatment turves in the recovery phase of the experiment 

(Table 6 .2)  and may have contributed to increased herbage accumulation rates .  

The  d rying out of the turves may a lso have resulted in improved oxygenation of 

the soil wh ich cou ld a lso contribute to increased plant growth . Eccles et al. 

( 1 990) noted that water-logging caused decreased leaf extension rates and 

increased senescence rates in Bromus willden0 wii and Trought and Drew 

( 1 980) noted similar symptoms in water-logged wheat. Trought and Drew 

( 1 980) stated that the reduction in leaf extension rate in water-logged plants 

may result from reduction in  water u ptake associated with low oxygen 
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concentrations around the roots. The removal of the excess water wou ld result 

in improved oxygenation and associated increased leaf extension rates. Th is 

process is l ikely to be partia l ly responsible for the flush of growth seen on the W 

treatment turves i n  the recovery phase. 

The second phase of the recovery period occurred from approximately 25 days 

to 65 days after stress treatment ceased . I n  this phase, herbage accumulation 

rates s lowed on al l  treatment turves and the rates of herbage accumulation 

were very simi lar amongst treatments . The 0 tu rves sti l l  produced the most 

herbage, probably because they maintained the productive advantage 

developed in the first part of the recovery phase. Over time however, the 

herbage accumulation rates of al l  treatments would be expected to approach a 

common value,  or stable production level .  Though they d id not d iffer 

sign ificantly, the slope of the herbage accumulation graph for the 0 tu rves was 

less than that of any other  treatment, ind icating that herbage production was 

moving back to some long term "stable" level .  The slope of the WT herbage 

accumulation curve was steeper than that of the W turves which could ind icate 

that the effects of tread ing were lessening and the herbage production was also 

moving back to a long term stable state . 

The relationship between herbage accumulation rate and leaf extension rate 

was investigated for each species on each treatment (Table 6 .22) .  It appeared 

that leaf extension rates and herbage accumulation rates were related , 

particu larly on the C and WT turves , and that the mechanism of leaf extension 

strongly contributed to the increase in  herbage accumulation in the recovery 

phase. 

In summary, excess moistu re enhanced herbage accumulation and moisture 

deficit resulted in considerably depressed herbage accumulation in  th is 

experiment. The removal of the moisture deficit stress resulted in a much 

larger compensatory flush of g rowth than the removal of the excess moisture 
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treatment, though the removal of that treatment d id sti l l  result in an increase i n  

herbage accumulation .  

Overa l l ,  when deficits from the stress phase and flushes of growth from the 

recovery phase are taken i nto account, herbage production was g reatest on the 

W treatment turves, fol lowed by the D treatment turves and then the control 

turves. Thresholds must exist, which are undefined in this experiment, beyond 

which the moisture stress (be i t  water-logg ing or  water deficit) resu lts in a 

marked depression in herbage accumulation .  These thresholds may be 

reached through duration of the stress or intensity of the stress and i t  would be 

helpfu l for pastu re managers to know what these l imits are in order to develop a 

contingency plan to cope with such events. 

6.5.2.3 Species composition respollses to moisture 

That only 7 of the 1 5  species present on the turves showed a significant 

response to the moistu re treatment i l lustrates the d iffering abi l ities species have 

to deal with stress. Significant influences of water stress on the turves occurred 

mainly in the late stress phase (October and November) and early recovery 

phase (November and December), when plant strateg ies for survival and 

recovery from moistu re stress cond itions were most pronounced . The species 

that were most i nfluenced were A. capillaris, C. cristatus, fiatweeds, H. lanatus, 

L. perenne, T. repens and L. pedunculatus. If these species were grouped i n  

terms of  function (see Chapter 3 ) ,  there were 7 functional groups represented 

(A . cap ilia ris, low fertil ity tolerant grasses, flatweeds, h igh  fertil ity responsive 

grasses, L. perenne, T. repens and other legumes) .  To simpl ify the response of 

each functional group to the moisture treatments they were classified as  

increasers, decreasers (Dyksterhuis ,  1 948) or static ( i n  terms of their cover), i n  

both the  peak stress and  early recovery phase .  Noy-Meir et al. ( 1 989) 

described the response of species to grazing stress in th is way and l ikened 

these groupings to the plant strateg ies of competitors , stress tolerators and 

ruderals wh ich Grime ( 1 979) described in relation to stress and d isturbance . 
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At peak stress on the 0 treatment turves ,  A. capillaris, low fertil ity tolerant 

g rasses and f1atweeds were i ncreasers, h igh fertil ity responsive grasses, T. 

repens and other legumes were decreasers and L. perenne was static. I n  this 

case , the increasers could be described as stress-tolerators or the species that 

survive by function ing normal ly, with the expectation that moisture wil l increase 

in a relatively short period of t ime. They cou ld be described as being res istant 

to the stress (Davis, 1 995) .  If the moisture deficit was on ly short term, these 

species have not lost a ny competitive advantage they may have had before the 

water deficit occurred. If  however, the water deficit was prolonged , often these 

species d id not recover due  to cel lu lar damage and depletion of plant resources 

from trying to function normally under adverse conditions. The decreasers i n  

the  stress phase cou ld be described as survival strategists. They begin to shut 

down cel lu lar processes relatively early to conserve moisture and basicall y  

cease growing, with the  focus on survival .  These decreaser functional groups 

were al l  increasers in  the recovery phase and could be described as being 

resi l ient to the moisture stress . Cel lu lar processes begin again as soon as 

adequate moisture is avai lable and these species are normally associated with 

rapid recovery, which enables them to take advantage of gaps in the sward to 

establ ish a competitive advantage. 

At peak stress for the W treatment turves, A. capillaris, h igh  ferti l ity responsive 

g rasses, T. repens and other legumes were all increasers , low fertility tolerant 

g rasses and L. perenne were decreasers and flatweeds abundance remained 

static .  The W treatment d id not appear to have induced as much stress i n  the 

pasture species present. Fou r  functional g roups were increasers under the W 

treatment, but only 3 u nder  the 0 treatment. I t  was interesting to note that the 

d ecreasers in the stress period u nder the 0 treatment, were increasers for the 

W treatment (high ferti l ity responsive g rasses ,  T. repens and other legumes) 

and low ferti l ity tolerant g rasses which were i ncreasers under d ry conditions a re 

d ecreasers u nder wet conditions.  L.  perenne was static under d ry cond itions ,  

but  became a decreaser under wet conditions indicating that perhaps i t  was 

more intolerant of water-logged cond itions than dry conditions. F latweeds were 
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increasers under d ry conditions, but were static on the W treatment turves. 

This indicated that flatweeds were more tolerant of dry conditions. 

In the recovery phase on the W turves ,  only A. capillaris and other legumes 

increased in abundance. Low ferti l ity tolerant grasses, h igh fertil ity responsive 

grasses, L. perenne and T. repens decreased , and fJatweeds remained static. 

The increase in abundance of the other legumes group may be a seasonal 

effect, as the abundance of L. peduncuJatus (a member of the other legumes 

functiona l  g roup) i ncreased as summer progressed.  A.  capillaris i ncreased i n  

abundance under a l l  treatments in  the  recovery phase. The control turves 

fol lowed the W treatment turves more closely than the D treatment turves i n  

terms o f  the functional groups that were decreasers. Low ferti l ity tolerant 

grasses, h igh fert i l ity responsive grasses and L. perenne were decreasers on  

both the control and  wet turves. Flatweeds became decreasers on the control 

turves and T. repens increasers when compared to the wet turves .  

From th i s  i nformation it can be  deduced that these functional groups can  be  

d ivided u p  further with regard to thei r  response to the moisture treatments. A.  

capillaris was in a group of  its own, as it showed increased abundance in a l l  

phases except the  peak stress phase on the control turves. This may have 

occurred due to competition from more v igorously growing functional  g roups 

(e .g .  L. perenne). Work by Harris and Brougham ( 1 968) and Kershaw ( 1 958) 

showed that L. perenne and A.  capillaris were significantly negatively 

associated in swards .  L. perenne and A. capilJaris were negatively associated 

on a l l  treatment turves in both the stress and recovery phases, except the 0 
treatment recovery phases. I n  this instance , a l l  species were on  an  even 

competitive level as they had al l  been under moisture deficit stress and a l l  

responded with i ncreased leaf extension rates on release from the stress. Long 

term , it would be most l ikely that only one of these species would eventual ly 

dominate i n  the sward . 
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Low fertil ity tolerant grasses a lso appeared to be in a g roup of their own .  The 

abundance of th is group was positively i nfluenced by d ry conditions and 

negatively i nfl uenced by water-logged condit ions. This  was most l i kely becau se 

its constituent species (A . odoratum, C. cristatus and F. rubra) were a l l  

into lerant to water- logg ing (Grime et al. 1 988) .  

H igh  ferti l ity responsive g rasses, T. repens and other legumes were intolerant 

of d ry cond itions ,  and their growth was promoted under moist conditions (of the 

level seen i n  th is experiment). 

F latweeds and L.  perenne appeared to be rather plastic in thei r  response to 

d rought and water-logging.  F latweeds were general ly more responsive to d ry 

cond itions,  and L. perenne to moist conditions,  but the abundance of both 

species was not negatively affected u nder the opposite extreme of moisture .  

6.5.3 Pasture responses to treading 

Brown and Evans ( 1 973) d iv ided the effects of treading on ind ividua l  p lants i nto 

two areas. The indi rect effects on p lants through changes in soi l  and d i rect 

effects on plants . 

6.5.3. 1  Indirect effects on plants through changes in soil. 

The two main effects of treading on soi l l i ke ly to affect plant g rowth are soi l  

compaction and pugging . In experiments carried out on L. perenne, it was 

found that compaction had very l ittle effect on plant yield , in fact, yield 

increased as compaction i ncreased (Edmond , 1 958b) .  Though compaction 

was not measu red in  the turves experiment, it is un l ikely that the mechanica l  

tread ing would  have had as much i nflu ence on plant g rowth as an imal  treading 

because the downwards force (determined la rgely by an ima l  weight in  the fiel d )  

used to "tread" the turves wou ld not have been a s  great. 

Root weight and length on the WT turves were not significantly d ifferent to the 

W or C turves, hence the treading and subsequent effects on the soi l , d id  not 
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affect root growth . Edmond ( 1 958a ) fou nd in  one experiment that treading was 

insufficient to l im it root growth,  but in another experiment with very heavy rates 

of treading (Ed mond , 1 962) ,  root growth was l imited . 

Pugging is the other main effect of treading on soil and p lants and is  a 

part icular p roblem when the soi l  i s  wet. Pugging results i n  reduced dra inage of 

soi ls by breaking down large soi l  pores .  Betteridge et al. ( 1 999) stated that 

pore damage resulting from a short duration tread ing event, can rapidly recover 

through the action of earthworm and p lant root g rowth . Edmond ( 1 958b) fou nd 

that pugging of the soi l  s ign ificantly reduced L. perenne yields .  The pugg ing 

effect i nfluences plant g rowth by inh ib iting  gaseous d iffusion, and through th is ,  

plants g rowing in  these soils suffer from lack of oxygen .  Chlorosis of  plant 

t issue can be a symptom of lack of oxygen,  but this was not observed on the 

turves .  

Pugging occurs when a so i l  reaches its plastic l imit (Betteridge et al. 1 999) and 

the volumetric soi l  moisture content at which this occurs ,  varies between soil 

type .  In  a treading tria l  carried out  on the same farm from which the turves 

were removed , the plastic l imit of the soil was approximately 40 to 50% 

volu metric soil moisture content. This soil moisture content was less than that 

at peak moisture on the WT turves (60%) hence pugging would have been 

expected to occur. Plastic deformation of the soil l i ke that described by 

Betteridge et al. ( 1 999) did not appear to occur on the turves however. Th is 

may be expla ined by the treading events usual ly taking place several hours 

after watering ,  during which time excess surface water had been a bsorbed . 

Other infl uences of treadi ng on wet soi l ,  which in  turn may affect plant g rowth , 

included mud on the leaves, m icrobial activity in  buried l itter, loss of soi l  

structu re ,  lack of earthworms and anaerobic soi l  conditions (Edmond , 1 962) .  

These factors are a l l  thought to be important on wet and  heavily trodden soi ls .  
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6.5.3.2 Direct effects of treading on pasture plants 

Edmond ( 1 962) observed that tread ing of pasture resulted i n  crushed and 

bruised l eaves (particularly on dry, hard soi ls) and d i rect root damage, p lant 

d isplacement, p lant buria l  and  films of mud on  leaves. The crush ing and 

bru is ing of  leaves acts by reducing photosynthetic area and breaking plant 

vascular structure. The buria l  of plants in mud and fi lms of mud being present 

on leaves results in reduction of photosynthesis and restriction or cutt ing off of 

transpiration and gaseous d iffusion d u e  to stomata being blocked (Brown and 

Evans, 1 973).  Previous work (Edmond ,  1 962) stated that whi le bruis ing and 

tearing of leaves does occur under treading of wet soi ls ,  the effects of plant 

buria l  and leaves being covered in mud are g reater. I n  the turves experiment, 

the mechanical treading treatment u sed appeared to cause quite a lot of 

bru is ing and teari ng of leaves, which was clearly visible after each treatment 

appl i cation .  A reasonable amount of plant buria l  appeared to take place, but 

from observation,  i t  d id not a ppear that fi lms of mud being present on leaves 

would have had a great affect on plant g rowth. When tread ing treatments were 

appl ied there were no surface puddles of water, hence no s lurried mud with 

which to cover leaves. 

Ti l lering was found  to be negatively affected by treading in al l  experiments by 

Edmond ( 1 958a , 1 962, 1 964, 1 974) on pasture species, as it was in th is 

experiment. Ti l lering was s ignificantly reduced on the WT turves in  the stress 

phase when com pared to the W treatment turves .  Both t i l ler n umber and t i l ler 

vigour  are thought to be affected by treading (Ed mond ,  1 962) and species 

respond d ifferently accord ing to the position of their g rowing points in  the 

sward . For example, Apanu i  cocksfoot (Dactylis glomerata) (wh ich has a 

s imi lar leaf tensi le strength to Ruanui  ryegrass (L. perenne) was less tolerant to 

treading due to its elevated growing points (Edmond , 1 964) .  Edmond ( 1 958a , 

1 958b) noted that pasture plant growth form tended to change from erect to 

prostrate u nder h eavy g razing.  This indicated that more p lastic species were 
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avoiding the effects of treading by having their g rowing points closer to the 

g round where they were less susceptible to damage. 

There appeared to be a compensatory ti l lering effect on the WT turves i n  the 

recovery phase, though th is d id not become apparent until approximately one 

month into the recovery phase. Edmond ( 1 958a) also noted the rapid recovery 

of buried and damaged til lers after treading . Brougham ( 1 956) explained this 

occurrence by stating that in simi lar pasture , rate of plant growth per un it area 

i ncreases u nti l a l l  l ight energy is i ntercepted . Growth therefore on an  untrodd en 

or l ightly trodden pasture would be approximately constant. I n  open , trodden 

swards,  where there is less competition for l ight, pasture plants can develop 

rapid ly. The delay of one month between the end of the treading treatment and 

the apparent ti l lering flush  may be explained by a reduction i n  plant vigour 

caused by the treading rather than a reduction in growing point numbers .  Th is 

apparent loss of vigour may have been due to damage to surviving plant u n its 

and to the replacement of older ti l lers with young less productive ti l lers .  U ntil 

the younger ti l lers had developed and the damaged plants recovered ,  t i l ler 

numbers were suppressed . 

Leaf extension was not as influenced by treading as it was by the moisture 

treatment, in  particular  the leaf extension rates between  the W and WT turves 

did not d iffer significantly. The wetting treatment turves had h igher leaf 

extension rates than control turves ,  and this suggested that the positive effects 

of water outweigh any negative effect that treading may have on leaf extension.  

F rom the results of the leaf extension and til lering data , i t  appeared that the 

moisture treatment had a g reater i nfluence on leaf extension and the treading 

treatment a g reater effect on til lering . 

Herbage accumulation rate was negatively influenced on the WT turves 

compared with the W and C turves .  Simi lar results were found by Edmond 

( 1 958a, 1 962 , 1 964 and 1 974) ,  Carter and Sival ingam ( 1 977) ,  Witschi and 

M ichalk ( 1 979), Sheath and Carlson ( 1 998) and Betteridge et al. ( 1 999) i n  
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treading trials on pasture. The mechan isms for this decrease are described in 

p revious sections and i nclude reduction in ti l ler n umber and vigour, p hysical 

damage to plants causing a decrease in photosynthetic area,  and reduced 

transpiration and gaseous d iffusion rates .  

Herbage accumulation o n  the W T  turves was the lowest of any treatment i n  the 

recovery phase. Th is ind icated that even on cessation of the treading 

treatment, herbage accumulation was suppressed by the effects of tread ing .  

The rate of herbage accumUlation on the WT turves increased in the second 

half of the recovery period so that it was s l ightly greater than that on the W 

turves. This late increase i n  herbage accumUlation rate on the WT turves is  

most l i kely to be associated with the i ncrease in ti l ler numbers observed at this 

t ime. 

Edmond ( 1 958a, 1 964) noted that tread ing altered pasture composition and 

that the long term affects of altered composition needed to be considered as 

well as short term decreases in production caused by d irect plant damage. 

S imi larly in  this experiment the abundance of some species (A . capillaris, L. 
perenne, T. repens and T. dubium) increased u nder tread ing ,  as d id the 

occurrence of bare soi l .  The abundance of other species (C. crista tus , 

flatweeds and L. peduncu/atus) decreased u nder tread ing and the abundance 

of some was unaffected (A. odoratum, C. uniflora , H. /anatus, Museii spp . ,  N. 

setulosa , Poa spp. and other  species) .  These changes in composition were 

caused by the variable tolerance of species to treading.  Factors that determine 

treading tolerance include the tensi le strength of leaves, the position ing of 

g rowing points in the sward and the abi l ity to a lter morphology to avoid damage 

u nder prolonged treading (Edmond , 1 964 ; B rown and Evans,  1 973). 

Experiments were carried out (Evans,  1 964; Edmonds, 1 964) to test the varying 

tens ile strengths of pasture species leaves, after the suggestion of Edmond 

( 1 960) that L. perenne was better able to tolerate treading than any other 

pasture species because of the h igh tensile strength of its l eaves. Both 
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experiments showed that L perenne l eaves consistently had the h ighest and H. 
lanatus the lowest tensi le strength . The abundance of L. perenne was 

positively i nfluenced under treading , but the abundance of H. /anatus was not 

negatively influenced in the turves experiment. Species such as A.  capillaris 

and T. repens were i ntermediate i n  strength , but their actual order between 

experiments d iffered quite markedly, ind icating different strengths in the 

d ifferent experiments. Both A. capillaris and T. repens were positively 

influenced by the treading treatment in the turves experiment. These results 

lead Evans ( 1 964) to concl ude that whi le leaf strength appeared to have some 

connection to treading tolerance, other factors were also important. Edmond 

( 1 967) a lso suggested that the length of the pasture cou ld affect its tread ing 

tolera nce . It was proposed that long , tough L.  perenne leaves acted as a 

cushion to protect their own ,  and other species growing points. 

The position of growing points on p lants may also affect their abi l ity to tolerate 

tread ing .  Edmond ( 1 964) fou nd that even though L. perenne and D. g/omerata 

had s imi lar leaf strengths, D. glomerata was less treading tolerant, probably 

because of the e levated position of its growing points. Though D. g/omerata 

was not present on the turves, th is i s  an example of how d ifferent plant 

morphology can have an  i nfluence on treading tolerance .  Al l the g rass species 

present on the turves were described by Grime et al. ( 1 988) as tufted , but shoot 

orientation ranged from erect or spreading shoots (C. cristatus, A .  odoratum, 

Poa spp . ,  F. rubra and L. perenne), erect or ascending shoots (H. /anatus) ,  

procum bent or ascending stems (T.  dubium) to creep ing stems (T.  repens). 

This ind icated that the position of g rowing paints on these species d iffers and 

could confer d iffering tolerances to treading.  

The ab i l ity of a species to be plastic, i n  the sense that they are able to adjust 

thei r  morphology when subjected to a stress such as treading ,  enables them to 

become tolerant of that stress over t ime.  Edmond ( 1 958a) noted that rou nd 

tufted plants tended to become el l iptical under treading and that growth form 

changed from erect to prostrate. The plasticity of L. perenne for example was 
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a pparent when Edmond (1 964) and Matthew et al. ( 1 989) noted that it 

occasional ly took on the growth form of A. capillaris ( i .e .  produced stolons and 

some rhizomes) under treading.  

Of the species whose abundance was u naffected by treading ,  3 of them were 

native species or native species groups (C. uniflora, N. setulosa and Muscii 

spp. ) .  Native species of New Zealand have not evolved under intensive g razing 

and hence it would be assumed that they have developed none of the defense 

mechanisms of plants that have evolved under g razing .  The reasons for these 

species ab i l ity to tolerate treading a re therefore unknown, but they were all low 

growing,  prostrate species which may by defau lt make them treading tolerant. 

Their g rowing points are l i kely to be very close to the soil surface and therefore 

somewhat protected from hoof damage. 

6.5.4 Resistance and resi l ience 

I n  order to manage a pasture successful ly and to know the thresholds (May,  

1 977)  beyond which species cannot be pushed,  it is necessary to understand 

ind ividual species responses to natural (e . g .  moisture stress) and imposed 

stresses (e .g .  g razing) .  

Pasture species can be separated i nto those that are resistant to the stress and 

those that are resi l i ent. Resistance (sometimes referred to as i nertia 

(Westman ,  1 978)) is defined as the ab i l ity of the plant to maintai n  function when 

eXPQsed to a stress (Davis et al. 1 994) ,  and is characteristic of the stress 

tolerator type from Grime's ( 1 973) plant strategy theory. Resil ience is the rate 

of recovery after stress removal (Davis et al. 1 994) and is consistent with the 

competitive type in G rime's ( 1 973) plant strategy theory. Westman ( 1 978) 

described resi l ience as being the function of elasticity (time for the p lant to 

recover to pre-stress levels), ampl itude (the threshold beyond which a plant wi l l  

not recover), hysteresis (whether the paths of alteration due to d isturbance and 

recovery are the same) and mal leabi l ity (s imi larity of stable state before and 

after recovery). 
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I n  the turves experiment and from other experimental work, leaf extension was 

identified to be the most sensitive ind icator of moisture stress, hence was a 

good i ndicator of the resistance and resi l ience of species exposed to water 

stress. It  was not possible to identify wh ich species ceased leaf extension first 

in this experiment, but Davis ( 1 995) showed that L. perenne ceased leaf 

elongation earliest and T. repens petiole extension did not cease at a l l .  Other 

h i l l  pastures species tested such as A.  capillaris and H. lanatus were 

intermed iate. Therefore, L. perenne could be described as having low 

resistance to stress and T. repens as being stress tolerant or having h igh 

resista nce to water deficit stress. Th is is supported by the recovery phase of 

the turves experiment ,  where L. perenne exhib ited the fastest and g reatest 

i ncrease i n  l eaf extension , and the rate of petiole extension for T. rep ens 

remained relatively constant. This resu lt was ind icative of L. perenne being a 

resi l ient species or  a competitive type (Grime,  1 973) and T. repens being a 

res istant species or a stress tolerator type (Grime, 1 973).  A .  cap ilia ris, A .  

odoratum and H. lanatus appear to be  i ntermediate. 
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7 .  General Discussion 

7. 1 Introduction 
The objectives for th is thesis were to identify how h i l l  pasture management and 

the enviro nment affect pasture composition . Figure 7 . 1  i l l ustrates the role  of 

management and environmental conditions in determining h i l l  pasture botan ical 

composition .  Other objectives were to develop usefu l functional g roups to 

s impl ify the study of the h i l l  pasture ecosystem,  and to identify the rel ationship 

between species d iversity and productivity i n  "man-made" and subsequently 

natural ised h i l l  pastures ,  an ecosystem in which studies of this type had not 

p reviously been carried out. 

7.2 Botan ical Composition 

Botanica l  composition of h i l l  pastures was surveyed at Bal lantrae Research 

Station a nd was more d iverse than the lowland pastures reported by Matthew 

et al. ( 1 988).  Twenty-five species were identified over the six s ites compared to 

only 1 0  i n  a lowland pastu re with an equivalent ferti l ity level and stocked with 

sheep.  The species identified in the survey had all been identified in p revious  

surveys (Rumbal l and  Esler, 1 968;  Grant and  Brock, 1 974 and  Lambert et  al. 

1 986a) .  A .  capillaris was the most abundant species and its abundance was 

g reater in summer than spring . T. repens and L. perenne were associated with 

h igh fert i l ity s ites and th is supports the find ings of others (Lambert et al. 1 986a). 

On average, dead matter was the greatest contributor to b iomass 

(approximately 30%).  This was greater than the 1 0% previously observed 

(Lambert et al. 1 986a) and was most l i kely a result of the d iffering experimental 

techn iques used to determine composition .  

The composition of the h i l l  pastures surveyed was found to be relatively stable 

over t ime. The same species were found in  the two data sets col lected from 

the same s ite, but 28 years apart. However,  the abundance of some of these 
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Figure 7.1  The role of environmental and management factors in 
determin ing the botanical composition of North Island, New Zealand h i l l  
pastures. The factors within the dotted l ines were examined in th is thesis. 
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s pecies changed over t ime. The contribution of flatweeds, Muscii spp.  and 

dead matter decreased over time and the abundance of A .  capillaris, T. repens 

and L. perenne i ncreased . This shift from poor qual ity, low producing pasture 

species to more agronomical ly  important species ( in terms of feed qua l ity, 

pasture production and soil improvement), may be a resu lt of increased soi l  

Olsen P (from 2 to 24 mgP/g of soi l  over the 28 year period) and more i ntens ive 

grazing management. The increase in the abundance of T. repens i s  of 

importance ,  as this species is the major provider of n itrogen in h i l l  pastures .  An 

increase in  T. repens abundance usual ly  results in an  increase of g rass 

species, such as L. perenne, as soi l  n itrogen levels increase (Lambert et al. 

1 986a) .  

That pasture composition d id not change s ignificantly over the 28 year period , 

in  which management varied quite considerably, suggested that h il l  pastures 

a re stable .  MacArthur ( 1 955) d efined stabi l ity in ecosystems as the tempora l  

constancy of population numbers .  As the same number of species were 

identified in  both data sets , the h i l l  pasture ecosystem matches this criterion for 

stab i l ity. Johnson et al. ( 1 996) defi ned stabi l ity i n  terms of the ab i l ity of a 

community to resist change i n  its abi l ity to maintain  ecosystem function 

(resistance)  and to recover to normal  levels of function after d isturbance 

( resil ience). Again ,  the h i l l  pastures surveyed meet these criteria ,  as pasture 

ecosystem function (production of b iomass for grazing animal consum ption) 

was mainta ined over the 28 year period . 

The h il l  pasture system exhib ited plasticity, i n  that the component species in  the 

sward adj usted their abundance to absorb environmental and management 

events that occurred , with no subsequent loss of production.  This readjustment 

of species abundance, rather than extinction of species and rep lacement with 

new species, i l lustrated that the species mix was stable . The role of 

management in h i l l  pastures appears to be in changing pasture s pecies 

abundance to result i n  a more desirable composition , rather than changing the 

species that make up the pasture ,  to maximize production . That the same 
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number of species were present rega rd less of production l evel ,  tends to favou r  

the Rivet Popper (Ehrl ich and Eh rl ich , 1 98 1 )  o r  the Redundancy (Walker,  1 992) 

hypotheses,  with reference to the relat ionship between d ivers ity, stab i l ity and 

production .  

The observation that the same species were present throughout h i l l  pastures ,  

and just their abundance d iffered , was further examined in the turves 

experiments. It was observed that essentia l ly the same species were p resent 

on the turves from the d ifferent farmlets, with some exceptions .  There was no 

F. rubra present on the HH turves at any time in the first or second turves 

experiments. F. rubra was identified as being present on the HH farmlet in the 

h i l l  pastu re survey carried out at Bal lantrae,  but only in  very smal l  quantit ies 

« 1 %). Other species such as C. uniflora and Muscii spp .  a ppeared to be 

a bsent from the LN and HH turves, respectively, but their presence became 

apparent l ater i n  the second turves experiment. These resu lts suggested that 

indeed a/ l  the species were present on al l farmlets, but the sampling method 

resulted in some species being missed in one or more of the experiments. 

From the h il l  pasture survey, A.  capillaris was on average the most abundant 

species on  al l  farmlets and this is  supported by the findings of Grant and B rock 

( 1 974). The next most abundant species were flatweeds on the LN farmlet, 

flatweeds and C. unif/ora on the HN farmlet and L. perenne, H. lanatus and T. 

repens on the H H  farmlet. A .  capillaris was consistently the most common 

species, regard less of season , but the abundance of the next most abundant 

species often changed with season . 

I n  the h il l  pasture survey, L. perenne was a lso found to be a dominant species,  

and this was also reported by Grant and Brock ( 1 974) and Sheath and Boom 

( 1 985). However, i t  was not apparent in  the turves experiments . This may be a 

resu lt of the location from which the turves were removed on the farmlets (flat 

areas with no stock camps or tracks) .  The h i l l  pasture survey results therefore 
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are more representative of average h i l l  pasture composition than the turves 

resu lts . 

The effect of species dominance on community structure, species richness and 

production has been stud ied (Grime, 1 977;  Reed , 1 977; Chapin et al. 1 986; 

Tilman , 1 987 and Gurevitch and Unnasch , 1 989). Under h igh  resource 

cond itions ,  competitively superior species dominate (Reed , 1 977 ;  Ti lman ,  

1 987) .  Under poor resource cond itions, species that are able to tolerate the 

poor cond itions dominate (Grime, 1 977) .  Which of these mechanisms results i n  

the dominance of A .  capillaris and L. perenne i n  h i l l  pastures i s  u nknown , but 

h i l l  pastures cou ld be described as being i ntermed iate between resource rich 

and resource poor. Both A. capillaris and L. perenne are relatively competitive 

species and the reason for both being able to dominate may be expla ined by 

stud ies carried out by Harris and Brougham ( 1 968) and Kershaw ( 1 9 58) ,  which 

showed that A.  capillaris and L. perenne were negatively associated . A .  

capillaris i s  found more on  u ntrodden ,  low fertil ity sites and  L .  perenne more on  

h igher  fertil ity, trodden s ites .  Due to the variabi l ity of h i l l  country topography 

(White , 1 994), there are e nough su itable m icrosites i n  which each of  these 

species can dominate, and in  turn, on average, dominate hi l l  pasture 

com position . 

7.3 Pasture species diversity and productivity 
The relationship between pastu re species d iversity and pasture production was 

determined from data col lected in both the h il l  pasture survey and in the two 

turves experiments. I n  the h i l l  pasture survey, species richness was defi ned as 

the n umber of species present at  one point in time in  a g iven a rea,  and 

production was defined as the standing green biomass in  that g iven area at the 

same time . 

Of the ten data sets col lected in  the h i l l  pasture survey, only five exhibited a 

significant relationship between species d ivers ity and pasture production .  The 

LM Morgans and MM spring data sets showed the relationship to be positive,  
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while the HM summer, MM summer and lM spring data sets exhib ited a 

negative relationship .  Why only 5 of the 1 0  data sets showed a s ignificant 

relat ionship between species d iversity and pasture production is  unclear, but it 

is possib le that both season and farmlet acted separately and interacted to 

influence the relationsh ip .  Of the 3 data sets collected from a low ferti l ity s ite i n  

spri ng ,  two of these (lM Morgans and lM spring)  exhib ited s ign ificant 

relationships between species d iversity and production , though  the relationship 

was positive for the lM Morgans s ite and negative for the lM spring site . The 

remain ing data set collected at a low ferti l ity site in  spring (lM Bal lantrae) 

exhibited a significant positive relationship when Olsen P was used as a 

covari ate . The data also indicated that slope had an i nfluence on  both b iomass 

production and species richness, but the exact nature of its i nfluence on the 

d iversity/productivity relationsh ip requ i res further experimentation .  P revious 

stud ies of grasslands (McNaughton ,  1 994 ; Naeem et al. 1 994 ; Ti lman and 

Downing ,  1 994; Vitousek and Hooper, 1 994) also showed the relat ionsh ip 

between species d iversity and productivity to be variable .  

That the lM Morgans and MM spring data sets (which were both col lected in  

spring ,  at  the same site , but 28 years apart) both showed a s ign ificant positive 

relationsh i p  between species d iversity and production is  i mportant. The 

management of th is site changed considera bly over the 28 year period , with 

Olsen P i ncreasing from 2 to 24 mg PIg soi l .  This suggested that the 

environmental conditions present at the s ite , rather than the management 

i mposed on the pasture, resu lted in the positive relationsh ip .  

The results indicated that the relationsh ip between pasture species d ivers ity 

and pasture production ,  if it does exist, is variable. The data a lso suggested 

that the D iversity-Stab i l ity hypothesis (MacArthur, 1 955) d id not hold i n  North 

I sland N ew Zealand h il l  pastures. Certain  seasonal and management 

conditions resulted in the relationship occurring in  some circumstances,  but it 

was not p resent under most conditions. In section 7 . 1 i t  was noted that the 

same 25 species were present throughout the h i l l  farm surveyed , on ly the 
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abundance d iffered. This suggested that pasture species d ivers ity (measured 

as n umber  of species) was a lso the same throughout the farm. Therefore ,  the 

variab le that was changing in  the d iversity and production relationship ,  was 

production .  Environmental effects such as aspect and slope , and management 

effects such as stock type , g razing m anagement and ferti l iser appl ication ,  a l l  

have a strong i nfl u ence on production (F igure 7 . 1 ). The i nfluence of these 

factors on product ion ,  have possibly overridden any effect of species d iversity 

on production .  Other d iversity i ndices (e .g .  the Shannon d ivers ity ind ex) ,  which 

take in to account species abundance as wel l  as species presence (Magurran ,  

1 988),  can be used instead of the number of species present, for determin ing 

the relationship between d iversity and production.  This was exam ined us ing 

the h i l l  pasture survey data, and no sign ificant relationship between the 

Shannon d iversity index and pasture production was identified . 

I n  both the first and second turves experiments , on average over a l l  the 

treatments, no s ignificant relationship between d ry matter accumulation and 

species richness was observed . I n  the second turves experiment, when 

ind ividua l  treatments were tested , a significant positive relationsh ip  between  

d iversity and productivity existed on the LN turves i n  two months and  on the H N  

turves i n  one month. When data were pooled over a l l  months, s ignifIcant 

relationshi ps between  d iversity and product ivity were observed on turves with 

the fol lowing treatments: LN farmlet with watering , LN farmlet with watering and 

treading and the HN farmlet with watering.  From this information i t  appeared 

that there was an i nteraction between farmlet (both the LN and HN farmlets had 

s imi lar low fertil ity levels) and moisture that resulted i n  a s ign ificant relat ionship 

between species d iversity and productivity. 

7.4 Functional groups 
Functiona l  groups were developed i n  Chapter 3 to s impl ify the study of h i l l  

pasture ecosystems. Using functiona l  groups simpl ifies the study of a p lant 

ecosystem by reducing the number of un its being stud ied (Le. reduction from 

individua l  species to functional groups). Many other studies have also 
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developed methods for grouping species into functional groups (Grime, 1 974 ; 

WhiUaker, 1 975; Smith and Huston ,  1 989; Korner, 1 994 ; Solbrig , 1 994 ; Chapin 

et al. 1 996 and Diaz and Marcelo, 1 997).  

The functional g roups derived using a hierarch ical approach were : 

• A .  capillaris 

• L .  perenne 

• h ig h  fertil ity responsive grasses ( includ ing H. lanatus and Poa spp . )  

• I ow ferti l ity tolerant grasses ( includ ing A.  odoratum, C. cristatus, 

Rytidosperma spp. and F. rubra) 

• T. repens 

• flatweeds 

• other legumes ( incl ud ing T. dubium, T. subterraneum and L.  pedunculatus) 

• other species ( includ ing C. uniflora , N. setulosa and Muscii spp. )  

I n  the turves experiments , dry matter accumulation from functional  groups and 

the effects of farmlet, cutting height, treading and moisture on functional group  

abundance were determined . I n  the first turves experiment (averaged over a l l  

treatments), for the first two months the A. capillaris and low ferti l ity tolerant 

grass functional groups were dominant. As the experiment progressed and 

defo l iation height and treading effects became more pronounced , there was a 

sh ift i n  functional group dominance, with the other species and flatweeds 

functiona l  groups becoming dominant. This is an important sh ift from a 

management perspective. The A .  capillaris and low ferti l ity tolerant grass 

functional groups are important for h i l l  pastu re herbage production for g razing 

an imal consumption.  The treatments imposed on the tu rves and perhaps the 

effects of the g lasshouse and season,  resu lted in a shift towards "weedy" 

species. A simi lar sh ift in functional group dominance occurred during the 

second turves experiment. The high fertil ity responsive g rass and flatweeds 

functional groups were dominant early in the experiment. As the experiment 

progressed the abundance of the flatweeds functional g roup  remained relatively 

constant, the abundance of the h igh ferti l ity responsive grass functional group  

decl ined and  the abundance of the other species and A .  capillaris functiona l  
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groups increased . Again , this is important from a management perspective as 

high ferti l ity responsive grasses, which provide leafy green herbage ,  have 

decl ined and been replaced by lower qual ity "weedy" species such as those 

present in the other species functional group .  The abundance of f1atweeds 

remaining stable is  a lso worthy of note as management practices that decrease 

their  presence, in favour of more desirable functional groups (e .g .  those 

contain ing grasses and l egumes), are preferred . 

The treatments appl ied in  the two turves experiments were also used to verify 

the functional groups developed in Chapter 3 and refine them where necessary .  

I n  Chapter 3 ,  information derived from the l iterature on the response of species 

to factors such as increased ferti l ity, tread ing,  drought and defol iation, was 

used to group species commonly identified in the Bal lantrae hil l pasture survey. 

F igure 7 .2  shows the resulting functional g roups, and with in each functional 

group describes a response, or responses, to the treatments appl ied during the 

tu rves experiments, which i l l ustrates the separation of each functional group 

from the others. 

The functional groups defined using information from l iterature and a 

hierarch ical process of development, have proven to be appropriate for the 

study of the effects of farmlet management, tread ing,  defol iation height and 

moisture treatments on hi l l  pasture systems. Each functional group was shown 

to have a un ique response to the imposed treatment, hence they had d ifferent 

functions in the hi l l  pasture ecosystem.  
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Figure 7.2 Summary of functional groups derived in Chapter 3 (boxes) and 
the responses of the functional groups to the treatments appl ied in the 
turves experiments (information in boxes) , which verify the differences 
between functional groups. 
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7.5 The effects of management on hi l l  pasture botanical composition. 
The aim of h il l  pasture management is  to achieve a sward with a high clover 

and green leaf content and a low dead matter content (White, 1 994). Due to 

the variable nature of h i l l  land topography, this is not an easy task to achieve , 

as b lanket management strategies cannot be appl ied to the whole farm. 

Different management strategies, using g razing management and externa l  

inputs, need to be developed for d ifferent types of h il l  land (e .g .  d ifferent 

aspects, slopes and soil types). 

The two management factors that resu lted in changed pasture composition i n  

the first turves experiment were treading and defol iation height (F igure 7 .3 ) .  

These two factors can be easi ly control led by  farm managers through stock 

type, g razing duration and stocking rate , on a paddock by paddock basis. The 

abundance of A .  capillaris, A .  odoratum , L perenne,  T. repens and Poa spp .  

increased with the tal l  defol iation height. Th is  was a positive effect from a 

composition perspective as the abundance of several g rass species (which 

provide the desi red leafy green component of swards) and T. repens was 

increased . The abundance of L. perenne and T. repens was reported by 

Sheath and Boom ( 1 985) to decrease under lax g razing ,  though they were 

studying the effect of lax g razing at specific times of the year. The increase i n  

abundance of annual  species such as Poa spp. u nder l ax  g razing was 

confirmed by Sheath and Boom ( 1 985). 

There were negative effects associated with the tal l  cutting height. At the end 

of the experimental period , the abundance of dead matter was g reater u nder 

the tal l  cutt ing height treatment (26%) than the short cutting height treatment 

(7%) .  Another trade-off that cou ld occur us ing a lax defol iation he ight to a lter 

pasture composition , i s  that lower stocking rates or a shorter g razing du ration 

would be requ ired to leave the desired 7.5 cm height residual . Th is may result  

in  a shortening of the rotation over the whole farm, which in  turn may have 

other  effects on botanical composition and production . For example ,  the 

occurrence of treading events wou ld be increased and this was shown in  the 
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turves experiment to reduce the abundance of H. lanatus, F. rubra and 

L. perenne. A compromise needs to be made to determine a defoliation he ight 

between 2 and 7 .5  cm, where the benefits from favorable composition changes 

occur, whi lst min im izing associated negative effects .  

I n  the first turves experiment, the treading treatment significantly reduced the 

abundance of F. rubra , H. lanatus and L. perenne. In  the second turves 

experiment ,  the treading treatment in combination with moist soil (F igure 7 . 3) 

resulted in a decrease i n  the abundance of fJatweeds and L .  pedunculatus and 

an  i ncrease in the abundance of A.  capil/aris, C.  cristatus, T. repens and bare 

soi l .  That the species affected by treading d iffered between the two turves 

experiments is  l ikely to  be due to an interaction between tread ing and soi l  

moisture occurring in  the second turves experiment. Therefore ,  pasture 

composition improvements occurred with treading , particularly i n  terms of the 

increase in T. repens abundance in moist environments. Detrimental effects 

include the decrease i n  abundance of H. lanatus and L. perenne and an  

increase in bare soi l .  L. perenne i s  reported in the l iterature as being tolera nt to 

treading (Edmond , 1 962).  It is probably more appropriate from the results of 

th is experiment to say that it is resi l ient to treading.  The abundance of L. 
perenne decreased whilst tread ing was occurring , but it was able to recover 

q u ickly once treading was removed. The increase in the a mount of bare soil i n  

the sward may have both positive and  negative effects. It would reduce the 

competition for l ig ht between grasses and T. repens, and also provide 

condit ions conducive for weed seed germination . 

The key to improving h i l l  pasture composition and production is  to increase the 

abundance of T. repens. This species is the primary sou rce of n itrogen in h i l l  

pastures and d rives the growth potential of des irable grass species such as L. 
perenne and A.  capillaris. As seen in the turves experiments, lax g razing (to 

7 .5  cm) and tread ing wil l  increase the abundance of T. repens. Lambert et al. 

( 1 986b) stated that an adequate Olsen P status is also req uired to ensure 

u nl imited T. repens growth . I n  the first turves experiment,  T. rep ens abundance 
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Figure 7.3 The response o f  North Island, N ew Zealand h i l l  pasture to imposed 

management and environmental factors. The solid boxes represent desired botanica l  

composition changes a n d  the broken boxes represent negative botanical composition 
changes. W=wet, D=dry. LN, HN and HH are the low, med and h ig h  in put farmlets 
respectively, TI=tal l  cutting height. S=short c utting h eight, T=treading and WT=wet and 

treading.  
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was greater at the start of the experiment on the HH turves, which had an 

Olsen P of 20 mg PIg soil , but not significantly greater than the other farmlets . 

At the end of the experiment, there was more T. repens present on the LN  

turves, which had an average Olsen P of 6 mg  PIg soi l .  I n  the  second turves 

experiment, T. repens was consistently less abundant on the HH turves , which 

had an average Olsen P of 1 3  mg Pig soi l  at the time. A. capillaris which was a 

prol ific species on the turves throughout both experiments may have been 

responsible for this phenomenon occurring .  Studies by Jackman and Mouat 

( 1 972b) concluded that A. capillaris and T. repens directly compete for 

phosphorus in the top 2 . 5  cm of top-dressed soi l ,  and because grass decreases 

phosphorus  availabil ity by increasing soi l  moisture tension , these two effects 

together adversely affect white clover g rowth and abundance. Also, because it 

is such a densely ti l lered species , A .  capillaris has the effect of suppressing T. 

repens growth . The treading treatment increased the abundance of T. repens 

by creating more bare areas that al lowed T. repens stolon spread . 

F ro m  the turves experi ments and other stud ies (Sheath and Boom, 1 985;  

Lambert et al. 1 986a), i t  appears that management imposed on h i l l  pastures to 

i ncrease the abundance of desirable species is often associated with negative 

changes also, such as an increase in the abundance of undesirable species 

and dead matter. A balance needs to be ach ieved to minimize these negative 

effects. The exact balance is going to vary from farm to farm , and often 

paddock to paddock, depending on environmental conditions such as cl imate 

and soil type and other management constra ints such as stock availabi l ity. I t  

may be that the use of management techniques to manipulate functional  

g roups ,  rather than individual species, is more important. S pecies with in  a 

fun ctional g roup ,  by defin ition,  play the same role in  pastures and more than 

one species in  a functional g roup provides insurance in the event of the 

rem oval of the main species. As we have seen ,  a management technique that 

positively influences the abundance of desira ble species such as A. cap ilia ris, 

T. repens and L.  perenne (which al l  form their own functional g roups) ,  may 

a lso decrease the abundance of another desirable species (e. g .  C. cristatus) .  
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If, however, the functional g roup contain ing C. cristatus, ( Iow fertil ity tolerant 

g rasses) ,  is represented by another species (e.g .  A. odorafum), and that 

species i s  not detrimentally affected by the management imposed, then overal l  

function of  the pastoral ecosystem is  not changed . This is consistent w ith the 

Redundancy hypothesis developed by Walker ( 1 992) .  

The role of less abundant species in  h il l  pasture swards, such as C. uniflora 

and N. setulosa , is unknown. These species have l ittle value in terms of animal 

feed , but may be useful as a ground cover to prevent soi l  loss. These minor 

species were consistently present in a l l  botan ical compositions taken i n  both 

the h i l l  survey and the turves experiments. I n  no environment and u nder no 

management treatment imposed , were these species made extinct .  This 

suggested that they were e ither h igh ly  resistant to d isturbance ,  or had a 

function wh ich relates to the general stabi l ity of the sward and supports either  

the Rivet popper (Ehrlich and Ehrl ich , 1 98 1 ) or the Redundancy (Walker, 1 992) 

h ypotheses regarding the relationsh ip between diversity, stabi l ity and 

production .  

7.6 The role of soi l moisture and its i nteraction with treading in 
determ in ing h i l l  pasture botanical composition. 
Soil moisture is an environmental factor over which h il l  country farmers have no 

control . I t  is an i mportant aspect of h i l l  farming because soil moisture levels 

usual ly vary widely over a farm due to the variation in h i l l  slope and aspect. 

M uch research has been carried out looking at the su itabi l ity of various species 

for d ifferent hil l aspects (Lancashire ,  1 984; Charlton and Belgrave , 1 992) .  

North facing aspects are usually much drier than south facing ones,  hence 

species a re requ i red that a re su ited to these conditions i n  order to maintain  

p roduction throug hout the year. 

The second turves experiment was d esigned to i nvestigate how a period of 

moisture d eficit and excess moisture, by itself and i n  combination with treading,  
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affected botanical composition and then o n  removal of the stress, how the 

sward recovered . 

For the reasons presented i n  section 7 .4 ,  the response of functional g roups ,  

rather than individual species was ana lysed . Over the soil moisture d eficit 

period of approximately two and a half months ,  the abundance of the A .  

capillaris, l ow ferti l ity tolerant g rass and flatweeds functional groups increased , 

the abundance of the h igh ferti l ity responsive g rass, T. repens (a lso observed 

by Lancashire ( 1 974)) and other legumes functional g roups decreased and the 

L. perenne functional g roup abundance remained the same. In the recovery 

period from the moisture deficit, the abundance of the L. perenne and A .  

capiJIaris functional g roups increased , the flatweeds functional g roup  

abundance decreased a nd T. repens abundance remained the  same. The 

increase in abundance of the  L. perenne and A.  capillaris functiona l  g roups is  

important since they were key contributors to the g reen leafy component of the 

sward . That T. rep ens abundance did not i ncrease on removal of the water 

defic it stress was also s ignificant as this is a key component of the sward . I t  

may be that the rapid recovery of the two vigorous g rass species (A . capillaris 

and L .  perenne) suppressed T. repens recovery, or that T. repens recovery is  

slower than that of other species. 

I n  the period of excess soil moisture , the abundance of the A .  cap ilia ris , the 

high ferti l ity responsive g rass, the T. repens and the other legumes functional 

g roups increased , the abundance of the low ferti l ity tolerant g rass and the L.  

perenne functional g roups decreased and the abundance of the flatweeds 

functional  g roup remained stable . In  the recovery period , the abundance of the 

A .  capillaris and the other legumes functional groups kept increasing , the 

abundance of the low ferti l ity tolerant g rass, the h igh fertil ity responsive g rass,  

the L. perenne and the T. repens functional groups decreased and the 

abundance of the flatweeds functional  g roup remained static. The results of 

most s ign ificance were that many of the g rass contain ing functiona l  g roups and 

the T. repens functiona l  g roup decreased in  abundance in the recovery period . 
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This is not conducive to maintaining a g reen leafy, T. repens containing sward . 

That A.  capillaris and other legumes a bundance increased was some 

consolation as there was sti l l  some n itrogen fixation occurring and the pro lific 

t i l lering ab i l ity of A. capillaris provided some leafy g reen material .  

The herbage accumulation rate was reduced by the combination of wet soi l  and 

treading treatments and was suppressed even after the removal of  the 

treatment. This suggested that the tread ing treatment had a residual effect on 

herbage accumulation , as  no suppression of herbage accumulation was 

observed for the wet treatment alone. Ti l lering  was also reduced by the wet soi l  

and treading treatment i n  the stress phase, and though compensatory t i l lering 

d id  occur, it d id not begin unti l a month after the removal of the stress 

treatment. This time delay before ti l ler number recovered was most l ikely due  

to physical damage that was infl icted on  existing ti l le rs having to repair ,  before 

new ti l lers could develop (Ed mond , 1 962) .  The compensatory t i l lering effects 

u nder the d ry and wet soil treatments occurred immediately after removal of the 

stress treatment. Under the wet soil and treading treatment, the abundance of 

A. capillaris, L. perenne, T. repens and T. dubium increased , whi lst the 

abundance of C. cristatus, fJatweeds and L. peduncu/atus decreased . This 

resu lt was i mportant from a management perspective because the abundance 

of species which provide g reen leafy materia l  and legumes i ncreased . That the 

abundance of flatweeds decreased is also i mportant as flatweeds are unable  to 

be g razed for long periods through the year and cover qu ite a large area of 

g round ,  hence reducing the cover of other more valuable species. 

The functional g roups that were decreasers u nder the moisture deficit treatment 

were i ncreasers under the excess moisture treatment (h igh fertil ity responsive 

g rass, T. rep ens and other  legumes) and vice versa ( Iow ferti l ity tolerant g rass) .  

Thus it  was possible to further define the functional groups by adding  their 

response to moisture deficit and excess moisture .  This may be  useful from a 

management perspective as land managers wil l know which functional g roups 

a re suited to dry areas and which are su ited to wetter areas. Managers may 
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also be able to use a combination of factors such as defol iation he ight and 

treading to shift the composition of a pasture to contai n  functiona l  g roups that 

maintain  production in an area that is susceptible to drought or water-logging .  

7.7 Conclusions 
This thesis set out to test the objectives presented in Chapter 1 .  Objectives 1 ,  
4 and 5 were to identify the effects of h il l  pasture management and 

environmental cond it ions on h il l  pasture composition . I t  was found that the 

same species were observed under al l  conditions and on ly the abundance of 

those species changed, depend ing on their functional response to imposed 

cond itions.  Pasture species abundance was manipulated with the use of 

treading ,  defol iation and moisture treatments. In order to improve the 

abundance of l eafy green grasses and legumes (particularly T. repens) whilst 

min imis ing any sign ificant increase i n  the abundance of u ndesirable species , 

the following management and environmental cond itions are recommended : 

• Lax defol iation height (7 . 5  cm) to i ncrease the abundance of L.  perenne, T. 
repens, A. cap ilia ris, H. lanatus, Poa spp. and A.  odoratum. 

• H igh  ferti l ity and management h istory s imi lar to that on the H H  farmlet, to 

increase the abundance of L. perenne, A .  cap ilia ris, H. lanatus and Poa 

spp.  

• When treading occurs , more desirable changes in  composit ion occur when 

soi l  is moist rather than d ry. When tread ing occurs on moist soils ,  the 

abundance of T. repens, A. capillaris and C. cristatus is i ncreased and the 

abund ance of flatweeds is decreased . 

• Moist, but not water-logged , conditions wil l  result i n  an increase in  the 

abundance of T. repens, A .  capillaris, high fertil ity responsive grasses and 

other legumes. 

The hi l l  pasture system was relatively  res i l ient and able to return to its normal 

function on removal of the i mposed management or environmental factor .  Th is  
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ind icated that h i l l pasture composition was stable and that in order to maintain 

des ira ble changes i n  pasture composition ,  i nputs need to be continuous.  The 

a pparent stabi l ity of one species in particular, A .  capiIJaris, i s  worthy of note. 

None of the imposed management factors ( i .e .  defol iation hei ght, tread ing ,  

excess moisture and moisture deficiency) reduced the  abundance of th is 

species s ignificantly. Th is would ind icate that A.  capillaris i s  particularly wel l  

adapted to h i l l  country conditions. Removal of A.  capillaris in favour of species 

such as L. perenne might be associated with a decrease in stabi l ity of 

production as the abundance of L. perenne was decreased in wet cond it ions 

and under treading .  

I n  fu lfi l lment of objective 3 ,  eight functional g roups were identified as being 

useful for predicting vegetation change under the d ifferent management and 

environmental conditions imposed in h i l l  pastures. 

Objective 2 was to identify the relationship between pasture species d ivers ity 

and productivity in North I sland, New Zealand h i l l  pastures .  There appeared to 

be no d irect relationship between species d iversity and productivity . H il l  s lope , 

soil fert il ity, season and farm management a l l  appear to be co-variates in the 

relationship .  The Rivet Popper hypothesis (Ehrl ich and Ehrl ich , 1 98 1 ) or the 

Redundancy hypothesis (Walker, 1 992) a ppear to be more l ikely to be 

occurring i n  hi l l  pastures ,  with regard to the relationsh ip between d ivers ity, 

stab i l ity and productivity, than the Diversity-Stabil ity (MacArthur, 1 955) o r  the 

Id iosyncratic (Lawton, 1 994) hypotheses. 

Changes i n  the botanical composition of h i l l  pasture can be achieved through 

management, and management in combination with p revai l ing environmental 

cond itions .  I n  order to achieve the g reatest benefits ( in terms of p roduction and 

stab i l ity of  production) from us ing management to alter pasture composition ,  i t  

is apparent that the management needs to be environment s pecific .  That is ,  

areas with d ifferent aspects, slopes and fertil ity status need to managed 
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separately so that a botanical composition ideal for those particular conditions 

is achieved . 

From the results of this research , it is  apparent that botanica l  composition is a 

key factor in  the productivity and stabi l ity of North I sland hi l l  pastures i n  New 

Zealand. 
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Th is paper was published in the Proceedings of the 1 8th I nternational G rassland 

Congress ,  Canada ,  1 997 (page 2 1 -9) .  

Production , Stabi l ity and B iod ivers ity of North I sland , 

N ew Zealand H i l l Pastures.  

P .  K .  N icholas\ P.  D .  Kemp\ D.  J .  Barker2 , J .  L .  B rock2 and D .  A Grant
3 

1 Department of Plant Science, Massey University, Private Bag, Palmerston N orth, New 

Zealand . 

2 Grasslands D ivision, AgResearch, Private Bag 1 1 008, Palmerston North, New Zealand.  

3 Farms Ad min istration , Massey University, Private Bag, Palmerston North, New Zealand.  

Abstract 
The relationship between pasture biomass and pastu re stabi l ity, with species 

d iversity was derived for two low fertil ity, hi l l land sites. At one site , pasture 

production increased with an increased number of species contributing to 

biomass. The coefficient of variation in biomass, however, decreased with 

h igher numbers of species . At a second site, pasture biomass was also fou nd 

to increase with increasing species d iversity, but the relationship between yield 

stabi l ity and species d iversity was not as strong as at the first s ite . This 

suggested there were other factors that influenced the stabi l ity of pastures ,  

which cou ld include the substitution effect between species or the greater 

contribution of particu lar species to yield and stab i l ity. 

Keywords : Hi l l  land pastures, low fertil ity , production ,  stabi l ity , species 

d iversity. 

I ntroduction 
There has been continued debate about the hypothesis that d iversity begets 

stabil ity, with in plant commun ities (Ti lman,  1 996). Elton ( 1 958) suggested that 

decreased d iversity would lead to decreased ecolog ical stabi l ity and functioning 
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whi le others (May, 1 973) showed that popu lation dynamics were more stable as 

the number of species decreased . In long term studies on rangeland pastures ,  

Ti lman ( 1 996) found that biodiversity stabi l ised plant community and ecosystem 

processes,  but not plant population processes. Species rich plots were found 

to have less variation in annual yield ( i . e .  more stable) when subjected to a 

major pertu rbation (e.g .  d rought) or year to year variation in  cl imate, but year to 

year variabi l ity in species abundance was not stabi l ised by plant species 

richness. I n  order to test Ti lman's findings ,  data was col lected from two low 

ferti l ity North Is land h i l l pastures. It was hypothesised from the results of 

Tilman ( 1 996), that s ites with more species present wou ld have a higher green 

yield than those with low species d iversity and that there would be less 

variabi l ity in  the yield (i .e. greater stabi l ity) of species rich sites. 

Materials and Methods 
In September and October 1 968, a survey was carried out on two low ferti l ity 

North Is land ,  New Zealand h i l l  cou ntry s ites ( 1 75° 50' E, 40° 1 9' S) ,  500m apart 

and having an Olsen P of 3.4 and 1 .9 fl9 Pig soi l ,  respectively. The fi rst s ite 

had an average north-west facing slope of 29°. It had been predominantly 

g razed by cattle and comprised a Mangamaku steepland soil derived from s i lty 

sandstone.  The second site had an average west facing s lope of 24° and had 

been predominantly grazed by sheep. It comprised a Ngamoka si lt loam soil 

derived from loess and sandy siltstone.  Herbage from 20 - 5 cm d iameter turf 

p lugs per plot was removed to ground level , from 200 plots randomly located 

with in  a 20x20 m area per site . Herbage was manual ly d issected into dead 

matter and al l major species present, and subsequently d ried . SAS was used 

to perform the regression analysis and the coefficient of variation for each 

number of species was calcu lated .  The coefficient of variation for plots with 1 0 , 

1 1  and 1 2  species were bulked , as there were very few plots with these 

numbers of species. 
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Results and Discussion 
The species found most commonly at sites included Agrostis cap ilia ris, 

Anthoxanthum odoratum, Cynosurus eristatus, Museii spp. ,  Trifolium repens, 

Lolium perenne, Oacty/is glomerata, Poa spp. ,  Festuca rubra, Rytidosperma 

spp. , Nertera setulosa, Centella spp. ,  flatweeds (Plantaginaceae and 

Asteraceae), with rarer occurrences of other species (Cirsium arvense and C. 

vulgare) and other legumes (T.  subterraneum and T. dubium). This botanical 

composition was simi lar to previous surveys (Suckl ing , 1 954; Lambert, 1 986; 

G rant and Brock, 1 974). 

F igure 1 shows the relationships between green biomass and the number of 

species contributing to g reen biomass for s ites 1 and 2 .  The reg ression l ines for 

the relationship were sign ificant at both sites (P<O .01  and P<O .05,  respectively), 

and showed increased biomass with increasing numbers of contributing 

species, in agreement with the results of Ti lman ( 1 996). The strength of the 

relationsh ip varied between sites,  probably due to more favou rable 

envi ronmental cond itions on the first site ( includ ing higher fertil ity and less 

intense g razing) .  The lower mean yield on the second s ite may have been due  

to  sheep rather than cattle grazing .  

The coefficient of variation of g reen biomass for both sites showed a s imi lar 

pattern of decreasing coefficient of variation with increasing species d ivers ity, 

though the relationship appears to be more variable for the second site (F ig . 2 ). 

This result is of significance in agricultu re as it suggests that with fewer species 

present there is the chance that a very low biomass yield could occur, whereas 

if there are more species present, there is a smaller chance of a very low yield 

occu rring . 

These resu lts strongly suggest that in  low fertil ity h i l l  farmlands,  biomass is 

i ncreased with increasing species d iversity. There was, however, variation in 

the strength of this relationship depend ing on factors yet to be determined . The 

s ite 1 data showed that the stabil ity of pasture yield increased with increasing 
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species d iversity, the s ite 2 d ata d id not show this relationship as clearly. Th is 

suggested that there a re other,  presently unknown factors which infl uence the 

stabi l ity of h il l  pastures , but wh ich cou ld include the substitution effect between 

certain species or the greater importance of certain  species as yield 

contrib utors (e.g .  Agrostis capil/aris) (Lamont, 1 995). The results p resented 

here cannot be extended to h igher ferti l ity h il l  farmlands (Le .  Olsen P > 1 0) or 

other topographic classes without s im ilar pasture surveys being conducted . 

The l iterature suggests (Suckl ing,  1 959;  Lambert , 1 986) that under h igh  fert i l ity, 

fewer species might contri bute to yie ld .  The importance of carrying out  such a 

survey and analysis as this on h igher fertil ity h i l l  farm lands should not be 

overlooked as the trend on New Zealand h i l l  land farms is  to increase ferti l ity by 

fertil iser appl ication and legume oversowing (Suckl ing ,  1 959). I f  rel ationships 

between species d iversity, y ie ld and pasture stabi l ity on h igher fertil ity h i l l  lands 

can also be identified ,  then more efficient use can be made of the h i l l  land 

resou rce in its current fertil ity status .  
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Figure 1 The relat ionship between green biomass and the n umber of 

species contributing to green biomass for two sites in North I sland , N ew 

Zealand h i l l  farm land (symbols are the means of 5-25 plots) .  
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Figure 2 The coeffic ient of variation of green biomass in relation to the 

numbe r  of species contributing  to g reen b iomass for two sites i n  North I s land , 

New Zealand h i l l  farm land (symbols as for F ig.  1 ) . 
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This paper was publ ished in the Proceedings of the 9th Austral ian Agronomy 

Conference, Wagga Wagga, Austra l ia ,  1 998 (pages 294-297). 

Biod iversity, stabil ity and pasture management - the 

rol e  of functional g roups 

P. K. N icholas\ P.  D. Kemp1 and D .  J .Barker2 

1 Plant Science Department, M assey U niversity, Palmerston North, New 

Zealand 

2 AgResearch Grasslands, Palmerston North , New Zealand 

Abstract 
D ata coll ected in 1 968/69 and 1 996/97 from a North I sland,  New Zealand h i l l  

research farm have been used to identify relationships between biodivers ity, 

stabi l ity a nd production.  These data sets have been collected at sites that have 

been subjected to d ifferent management regimes for approximately 20 years . I t  

is proposed that the use of functional g roups s impl ifies interpretation of 

changes in pasture composition and hence production, in the d ifferently 

managed systems. Both the h istorical and new data are u sed to identify 

functional groups in the species present u sing a n umber of techniques. The 

effectiveness of these techniques is d iscussed as is  the contribution of 

functional groups to the study of b iodiversity, production and stab i l ity of 

p roduction in North I sland , New Zealand h i l l  pastures. 

Keywords :  Hil l  land pastures Management B iodiversity Production Functional 

g roups 

I ntroduction 
Functional g roups are collections of species that have been grouped or 

c lustered together based on sets of traits common to these species (e.g. 
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morphological , physiological ,  environmental responses). Functional g roups are 

u sed to s impl ify ecologica l systems and a re most commonly used to make 

pred ictions about the effects of environmental changes on vegetation (Chapin 

et al. 1 996;  Grime et al. 1 997) .  

There a re two ways of defin ing functional g roups , objectively and subjectively. 

The objective defin ition of functional groups involves subjecting a range of data , 

collected from a population of plants , to statistical procedu res that a re able to 

analyse the data and  g roup simi lar species together. Two problems exist with 

this method : 1 )  the resu lt ing clusters a re specific to the environment from which 

the data were col lected; and, 2) the resulting functiona l  groups can be biased 

by the d ata chosen as inputs (Chapin et al. 1 996). 

The second method of g rouping species into functional types is  to do so 

subjectively_ Subjective grouping is based on knowledge about species in 

terms of their physiology, morphology and how they respond to environmental 

influences .  No specific data sets a re requ ired . However, again clusters 

generated can be biased due to the factors chosen to be used for the 

c lustering . 

S pecifical ly  for North Is land,  N ew Zealand h i l l  pastures, a method needs to be 

developed to best define functional groups.  The use of these functional  groups 

is  in  identifying the role  of functional group  biod iversity in  h il l  pastures and how 

this responds to farm management. 

Methods 
I n  October 1 968 and January 1 969 a survey was carried out on two low ferti l ity 

North Is land h il l  pasture s ites , 20 km N E  of Palmerston North ,  New Zealand . 

These sites are described ful ly in  N icholas et al. ( 1 997) ,  but had average Olsen 

P values of 3.4 (Site 1 )  and 1 .9 (Site 2) mg PIg of soil , respectively. The survey 

involved measuring botanical composition ,  species yield and growth rate, Olsen 

P and hi l l  slope on 200 microsites at each of the sites.  
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The survey was carried out again on the same farm (now Bal lantrae H il l  

Resea rch Station) i n  October 1 996 and January 1 997. Spring and summer 

surveys were carried out to ident ify the effects of seasonal ity on abundance of 

species.  The farm had been broken up into farmlets that have been subjected 

to d ifferent management for the last 20 years (Lambert et al. 1 996). The 

resu lting average Olsen P values of the s ites were 50 (S ite 3) ,  1 9  (Site 4)  and 

21  (S ite 5)  mg PIg soi l .  S ite 1 in  the 1 968 survey and S ite 4 in the 1 996 survey 

were positioned at the same location .  

Three methods were used to cluster the species present i n  th is h i l l  farm pasture 

( Nicholas et al. 1 997) i nto functional groups. The first u sed groupings devised 

by Lambert et al. ( 1 986a) ,  d eveloped particu larly for North I sland ,  N ew Zealand 

h i l l  pasture species . The second method was the use of  l iteratu re (H ilgendorf, 

1 936; Grime et al. 1 988) to fil l  in a matrix of factors for each species , which was 

then put into a cluster a nalysis in SAS to identify clusters of species. The 

variables used i ncluded: abi l ity to respond with increased g rowth to increased P 

levels ;  n itrogen fixing abi l ity; abi l ity to grow well on slopes; low g rowth habit; 

and tolerance to above average treading,  grazing and d rought levels.  The th i rd 

method used the Bal lantrae data collected i n  1 968/69 and 1 996/97 surveys 

which were averaged for each species over a l l  8 data sets. The data were 

standard ised (using ranking and assigning standard numbers to identify 

relationships) and again put into a c luster analysis in SAS to identify clusters of 

species. 

Results and d iscussion 
The example of objective g rouping of species into functional groups was carried 

out  us ing a cluster analysis on standard ised Bal lantrae data . The inputs for 

each species were : yield ( kg OM/ha) ,  % cover, growth rate (kg DM/ha/day) and  

the regression slope of the relationsh ip  between growth rate and Olsen P ,  

g rowth rate and  h i l l  slope and  yield and  Olsen P .  The first three factors were 

standard ised by ranking (Grime et al. 1 997) and the last three were 

standard ised by allocating a 3 to those species with a positive reg ression and 1 
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to those with a negat ive regression .  The fol lowing 7 groups were identified 

from the analysis :  1 )  Trifolium dubium, Lotus pedunculatus, and Centella 

uniflora; 2 )  Trifolium subterraneum and Poa pratensis; 3) Anthoxanthum 

oderatum, Trifolium repens, Cynosurus eristatus and Muscii spp. ;  4 )  Ho/cus 

lanatus, Poa annua, Rytidosperma spp.  and 5) Flatweeds; Festuca rubra and 

Nertera setulosa and final ly 6) Lolium perenne and 7 )  Agrostis eapillaris in  

g roups of the ir  own . These g roup ings do  not appear to have been made based 

on function . T. repens for example, a productive, g razing tolerant legume has 

been grouped with A. oderatum and C. eristatus (both g razing i ntolera nt 

g rasses that are usual ly associated with low ferti l ity s ites) and Musei; spp.  

which are a non-significant species in agricultu ral production , with l ittle or  no 

grazing tolerance.  A simi lar pattern arises i n  the grouping of H. lanatus, P. 

annua, Rytidosperma spp. and flatweeds. H. lanatus and P. annua are s imi lar 

i n  that they are associated with h igh fertil ity sites and both are intolerant of 

d rought. Rytidosperma spp. are associated with low fertil ity sites and a re 

d rought tolerant, the opposite to H. lanatus and P. annua. Flatweeds are 

morphological ly d ifferent from g rasses, hence the g rouping of these four  

species d oes not seem to be  based on function .  

I t  appears that these g roupings have been biased by the inputs used in the 

clustering ana lysis . The variables used in the analysis a re variables that would 

commonly be measured in a biodiversity study (yield , g rowth rate and % cover 

of each species). However, these are al l  measures of abundance .  One of the 

factors in  each of the regressions used to define the relationships with Olsen P 

and  h i l l  s lope was e ither growth rate or yie ld ,  hence abundance factors have 

been incorporated into these relationships. It appears the cluster analysis has 

g rouped accord ing to species abundance.  

Th is is demonstrated by the yields of the species that were grouped together i n  

the  cluster analysis . 1 )  T. dubium, L.  pedunculatus, and C. uniflora,  1 5, 1 6  a nd 

1 4  kg O M/ha respectively. 2 )  T. subterraneum and P. pratensis both 3 kg 

O M/ha. 3 )  A.  odoratum, T. repens, C. eristatus and Muscii spp. 1 52, 1 5 1 , 1 48 
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and 1 96 kg DM/ha respectively. 4 )  H. lanatus, P. annua, Rytidosperma spp.  

and Flatweeds 95 ,  1 00 , 88 and 1 1 5 kg DM/ha respectively. 5) F. rubra a nd N. 

setulosa had 45 a nd 32 kg OM/ha respectively and fina l ly L. perenne 340 kg 

OM/ha a nd A. capillaris 680 kg OM/ha .  These results indicate that the c luster 

analys is has been based on the yield factor. I f  objective defin ition of functional  

g roups is  desired , then the data describ ing the species need to be based on  the 

function of the species , not on common agronomic measures of abundance . 

The cluster analysis based on the l iterature derived variables resulted i n  s imi lar 

groups to those defined by Lambert et al. ( 1 986a), but with some sl ight 

d ifferences. The low fertil ity grasses d efined by Lambert et al. ( 1 986a) were the 

same as those that formed the first g roup:  C. cristatus, Rytidosperma spp. ,  F. 

rubra, A .  capillaris and A.  odoratum. The high ferti l ity respons ive grasses 

( 1 986a) were the same as the second group of L .perenne, H. lanatus and P. 

annua. Lambert et al. ( 1 986a) had L. perenne as a functional group on its own 

as it is  more responsive to h igh fertil ity than either H. lanatus or P. annua .  The 

two remain ing functional groups defi ned by Lambert et al. ( 1 986a) were 

legumes and other species. In the l iterature based analysis all the legumes ( T. 

dubium, T. subterraneum and L. pedunculatus) grouped together except for T. 

repens which was in  its own functional group. Flatweeds also formed a 

functional  group,  but th is was because they were the only weed species 

present. There were other species present in the pasture such as C. uniflora, 

N. setulosa and Muscii spp. , but they were removed from the cluster analysis 

due to miss ing values. More would need to be known about the g razing  

tolerance of these species to group them correctly. That these species are 

indigenous suggests they are not tolerant of sheep grazing and wou ld  therefore 

form their own functional group separate to flatweeds .  The key functional  

d ifferences between groups in th is analysis appear to be grazing tolerance and 

response to fertil ity. This would be expected as three of the inputted vari ables 

were related to fertil i ty and three to g razing avoidance/tolerance .  These are 

important variables from a pastoral perspective. 
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The cluster a nalysis resu lted in  6 functiona l  groups: low ferti l ity responsive 

g rasses, h igh  ferti l ity responsive g rasses ,  other legumes, white clover, 

f1atweeds and  other species ( in th is pasture i ncluding C. uniflora, N. setulosa 

and Muscii spp . )  The relative contribution to biomass production of the 6 

functiona l  g roups i n  response to soi l  ferti l ity and grazing management h istory is  

shown in F ig .  1 .  The trend , with the exception of the Bal lantrae s ite is that low 

ferti l ity responsive grasses decrease as fertil ity increases. S im ilarly, h igh  

ferti l ity responsive g rasses i ncrease with increasing ferti l ity. Th is  suggests a 

functional response of these two groups to a ferti l ity/grazing management 

grad ient. The Bal lantrae site has a low occurrence of a l l  gra sses and the 

h ighest occurrence of other species. Perhaps at this low ferti l ity leve l ,  the 

function of the other species is more su ited to the environment than that of l ow 

ferti l ity responsive grasses. There does not appear to be any noticeable 

pattern over the fert i l ity range with the functional g roup of other  legumes ,  

though  the  occurrence of  these legumes i n  spring is g reater due  to annua l  

species dying out i n  summer. The occurrence of white clover i ncreases with 

increasing ferti l ity, with the exception of the Bal lantrae and Morgans sites .  It 

appears to be equally abundant on the two sites with the lowest ferti l ity . 

F latweeds a ppear to occur more frequently on  the lower fertil ity s ites, with the 

exception of the Morgans s ite. 

Conclusion 
Functional groups can be formed from a g roup of species either  objectively  or  

subjectively. I n  either case , the  i nputs used to group the  species together must 

be chosen carefu l ly and be rel evant to the environment that is  being stud ied .  

Functional  g roups can usual ly b e  broken down i nto sub g roups based o n  lower 

levels of function .  However, in ecolog ica l  stud ies the purpose of us ing 

functional groups is to s impl ify the system and a level of fun ction must be 

chosen,  below which the function is  not of major importance to the system 

being stud ied . The functional g roups chosen were shown to respond to ferti l ity 

and management h istories i n  a predictable manner and provide a basis for 
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investigations i nto how management factors affect biodiversity, production and 

stab i l ity of  North I sland , New Zealand h i l l  pastures. 
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Figure 1 Relative contribution of 6 functional groups (defined from the 
l iterature) to biomass in the 8 data sets. 

1 00% 

90% III III 80% ." 
E 0 70% 
:c 
." 60% 
-0 50% --0 
Cl) 
O'l 30% ." -t: Cl) 20% (.) "-Cl) Il.. 1 0% 

0% 
Cl C ".:;: 0-f/) 
Z -.J 

I � I � I E 0. E a. E � � � � � 
Z I Z I I � I I 

Data sets (arranged from lowest fertil ity/stocking rate site on the Left to 
highest fertility/stocking rate site on the Right) 

I!!IlII Low fert grasses III High fert grasses I!!IlII Other legumes 
• White clover • Flatweeds I!!IlII Other species 

255 


	20001.pdf
	20002.pdf
	20003.pdf
	20004.pdf
	20005.pdf
	20006.pdf
	20007.pdf
	20008.pdf
	20009.pdf
	20010.pdf
	20011.pdf
	20012.pdf
	20013.pdf
	20014.pdf
	20015.pdf
	20016.pdf
	20017.pdf
	20018.pdf
	20019.pdf
	20020.pdf
	20021.pdf
	20022.pdf
	20023.pdf
	20024.pdf
	20025.pdf
	20026.pdf
	20027.pdf
	20028.pdf
	20029.pdf
	20030.pdf
	20031.pdf
	20032.pdf
	20033.pdf
	20034.pdf
	20035.pdf
	20036.pdf
	20037.pdf
	20038.pdf
	20039.pdf
	20040.pdf
	20041.pdf
	20042.pdf
	20043.pdf
	20044.pdf
	20045.pdf
	20046.pdf
	20047.pdf
	20048.pdf
	20049.pdf
	20050.pdf
	20051.pdf
	20052.pdf
	20053.pdf
	20054.pdf
	20055.pdf
	20056.pdf
	20057.pdf
	20058.pdf
	20059.pdf
	20060.pdf
	20061.pdf
	20062.pdf
	20063.pdf
	20064.pdf
	20065.pdf
	20066.pdf
	20067.pdf
	20068.pdf
	20069.pdf
	20070.pdf
	20071.pdf
	20072.pdf
	20073.pdf
	20074.pdf
	20075.pdf
	20076.pdf
	20077.pdf
	20078.pdf
	20079.pdf
	20080.pdf
	20081.pdf
	20082.pdf
	20083.pdf
	20084.pdf
	20085.pdf
	20086.pdf
	20087.pdf
	20088.pdf
	20089.pdf
	20090.pdf
	20091.pdf
	20092.pdf
	20093.pdf
	20094.pdf
	20095.pdf
	20096.pdf
	20097.pdf
	20098.pdf
	20099.pdf
	20100.pdf
	20101.pdf
	20102.pdf
	20103.pdf
	20104.pdf
	20105.pdf
	20106.pdf
	20107.pdf
	20108.pdf
	20109.pdf
	20110.pdf
	20111.pdf
	20112.pdf
	20113.pdf
	20114.pdf
	20115.pdf
	20116.pdf
	20117.pdf
	20118.pdf
	20119.pdf
	20120.pdf
	20121.pdf
	20122.pdf
	20123.pdf
	20124.pdf
	20125.pdf
	20126.pdf
	20127.pdf
	20128.pdf
	20129.pdf
	20130.pdf
	20131.pdf
	20132.pdf
	20133.pdf
	20134.pdf
	20135.pdf
	20136.pdf
	20137.pdf
	20138.pdf
	20139.pdf
	20140.pdf
	20141.pdf
	20142.pdf
	20143.pdf
	20144.pdf
	20145.pdf
	20146.pdf
	20147.pdf
	20148.pdf
	20149.pdf
	20150.pdf
	20151.pdf
	20152.pdf
	20153.pdf
	20154.pdf
	20155.pdf
	20156.pdf
	20157.pdf
	20158.pdf
	20159.pdf
	20160.pdf
	20250.pdf
	20251.pdf
	20252.pdf
	20253.pdf
	20254.pdf
	20255.pdf
	20256.pdf
	20257.pdf
	20258.pdf
	20259.pdf
	20260.pdf
	20261.pdf
	20262.pdf
	20263.pdf
	20264.pdf
	20265.pdf
	20266.pdf
	20282.pdf
	20283.pdf
	20284.pdf
	20285.pdf
	20286.pdf
	20287.pdf
	20288.pdf
	20289.pdf
	20290.pdf
	20291.pdf
	20292.pdf
	20293.pdf
	20294.pdf
	20295.pdf
	20296.pdf
	20297.pdf
	20298.pdf
	20299.pdf
	20300.pdf
	20301.pdf
	20302.pdf
	20303.pdf
	20304.pdf
	20305.pdf
	20306.pdf
	20307.pdf
	20308.pdf
	20309.pdf
	20310.pdf
	20311.pdf
	20312.pdf
	20313.pdf
	20314.pdf
	20315.pdf
	20316.pdf
	20317.pdf
	20318.pdf
	20319.pdf
	20320.pdf
	20321.pdf
	20322.pdf
	20323.pdf
	20324.pdf
	20325.pdf
	20326.pdf
	20327.pdf
	20328.pdf
	20329.pdf
	20330.pdf
	20331.pdf
	20332.pdf
	20333.pdf
	20334.pdf
	20335.pdf
	20336.pdf
	20337.pdf
	20338.pdf
	20339.pdf
	20340.pdf
	20341.pdf
	20342.pdf
	20343.pdf
	20344.pdf
	20345.pdf
	20346.pdf
	20347.pdf
	20348.pdf
	20349.pdf
	20350.pdf
	20351.pdf
	20352.pdf
	20353.pdf
	20354.pdf
	20355.pdf
	20356.pdf
	20357.pdf
	20358.pdf
	20359.pdf
	20360.pdf
	20361.pdf
	20362.pdf
	20363.pdf
	20364.pdf
	20365.pdf
	20366.pdf
	20367.pdf
	20368.pdf
	20369.pdf
	20370.pdf
	20371.pdf
	20372.pdf
	20373.pdf
	20374.pdf
	20375.pdf
	20376.pdf
	20377.pdf
	20378.pdf
	20379.pdf
	20380.pdf
	20381.pdf
	20382.pdf
	20383.pdf
	20384.pdf
	20385.pdf
	20386.pdf
	20387.pdf

