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ABSTRACT

A group of studies was conducted to examine environmental variables and pasture
components and their relationships in heterogeneous hill country pasture. Four studies
were conducted in relation to the hill country grassland ecosystem of New Zealand.

1. The effects of long-term fertiliser-stocking rate and hill country slope category (LS
Low slope, 0-12°; MS Medium slope, 13-25°; HS High slope, >25°) on soil physical
and fertility attributes and pasture production were examined. Field treatments, high
fertility-high stocking rate (HH) and low fertility-low stocking rate (LN), have been
applied to paddocks since 1975. Soil samples were taken from the slope categories of
the two field treatments (microsites) and physical and fertility features were analysed.
Dry matter production through the year was also measured from these units. The soil
attributes that explained the largest percentage of the differences between microsites
were water holding capacity (WHC), water conductivity (Kupsa), slope, soil
compressibility (SC), bulk density (BD), Olsen-P, soil total nitrogen (Total-N) and soil
rebound after compression (SR). Slope led to greater differences between soil features
of microsites than fertiliser and stocking rate history. Dry matter production increased
with increasing Total-N, Olsen-P, WHC and SC, and decreasing slope, Kypsat, BD and
SR.

2. The presence of plant functional groups, species segregation and their relationship
with soil features were analysed. The relationship between field condition and plant
functional group was also examined. The evaluation was conducted in the same sites as
the first study. The pasture botanical composition for each microsite was measured
through the year and plant functional groups determined. The relationship between the
presence of plant species and the soil attributes WHC, Kynsa, slope, SC, BD, Olsen-P,
Total-N and SR (from the first study) and plant functional groups were studied, as well
as the field condition-plant functional groups relationship. Seven functional groups
were determined. High fertility grasses and Lolium perenne (Lp) were associated with
LS and high availability of resources, while low fertility species were segregated to HS.
Groups of species such as Agrostis capillaris (Ac) were indifferent to environmental
changes. Functional groups proved to be good indicators of soil development. Field
condition and plant functional groups were complementary concepts in grassland

dynamic analyses.
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3. Sheep grazing behaviour was examined in relation to slope category and plant species
selection. The study was conducted in the same microsites as studies 1 and 2. Transects
with marked tillers of Anthoxanthum odoratum (Ao), Ac and Lp were placed in the
slope categories as follows: Ac and Lp in LS; Ac, Ao and Lp in MS; and Ac and Ao in
HS. The evaluation was carried out during 4 weeks in each of Summer, Autumn, Winter
and Spring, and records of grazed and ungrazed tillers were analysed. Pasture growth
rates were calculated through the year. During Spring sheep grazed mainly the LS. With
decreasing availability of pasture, sheep enlarged their grazing areas towards the HS.
Species selection was only present during Winter when pasture availability was low. In
Winter sheep also grazed in all slope categoriesland selected Lp over of Ac but showed
no selection for Ao.

4. Ecotype segregation and plant phenotypic plasticity were examined. Plant material
was collected from the extremes of the environmental gradient analysed in studies 1, 2
and 3 and grown in glasshouse conditions under five levels of phosphorus and three of
nitrogen in the soil. The plants in each pot were cut on three occasions and total dry
matter was calculated. Height, plant architecture, plant horizontal expansion and leaf
growth were analysed for Cynosorus cristatus (Cc), Holcus lanatus (Hl), Ac, Ao and
Lp. Morphological and physiological differences were present between genotypes of Lp
whereas only physiological genotypic differences existed in Ao and Cc. Consistent
differences were not found between Hl genotypes. Thus, Ao, Cc and Lp showed
ecotype differentiation. Ac genotypes showed high plasticity with no ecotype

differentiation.

i



ACKNOWLEDGMENTS

I would like to give thanks to all the people that have helped me through my studies. I
would especially like to express my sincere gratitude to my chief supervisor, Dr Ian
Valentine, for his guidance, advice and support during all of the stages of my doctoral
study. I would like to thank Dr Greg Lambert, Professor John Hodgson, Dr Alec
Mackay, Dr Duncan Hedderley and Dr Peter Kemp for all of their help and advice. I

really appreciate the time and effort that they have put into my studies.

I would like to give thanks to Dr Andrew Curran and Dr Mike Hedley for their help and
advice. Special thanks to Mr Don McDougall for all his help and patience during the

experimental work in the glasshouse and at Ballantrae.

Thanks to Mr Phil Theobald for assistance during the N analysis. Thanks to Mr Ray
Johnston, Mr Lindsay Sylva, Ms Lesley Taylor and Mr Brian Devantier for technical
assistance during the glasshouse study. Thanks to Ms Yvonne Gray and all the people
of the Herbage Laboratory of AgResearch Grasslands for help determining the pasture
botanical composition. Thanks to the people of the Soil Physical Laboratory of
AgResearch Grasslands and to the staff of AgResearch’s Ballantrae Hill Country

Research Station for their help.

Thanks to all the people of the Animal Production Institute, Universidad Austral de
Chile, especially to Dr Oscar Balocchi and Dr Dante Pinochet for their support and
help.

Thanks to Dr Nicolas Lopez for his statistical advice and thanks to my "lucky" friends
Dr Cesar Poli, Dr David Pacheco, Mr Lee Matheson and Ms Carolina Carrillo that
helped me during my research. Thanks to all of my Latin-American and Kiwi friends

for their support.

Thanks to my family for their constant support and understanding, especially to my

parents Jorge and Anny, and to my brothers Enrique and Rodrigo.

Very special thanks to my beloved wife, Suzanne, for her cheerful and unconditional
help during the research and for editing this thesis, and also for her infinite patience,

support and understanding during my period of doctoral study.

iv



Me gustaria dedicar todo mi trabajo realizado aqui en
Nueva Zelandia a mi esposa Suzanne,

mis padres Jorge y Anny,

mis hermanos Enrique y Rodrigo

y a mi querido hijo Fernando.

I would like to dedicate this work to my wife Suzanne,
my parents Jorge and Anny,
my brothers Enrique and Rodrigo

and my dear son Fernando.



TABLE OF CONTENTS

Abstract
Acknowledgements
List of Tables

List of Figures

List of Abbreviations

Chapter 1 INTRODUCTION

References

Chapter 2 LITERATURE REVIEW
Introduction
Plant Species Diversity within a Grassland
Field Condition, Ecological Trend and Botanical Composition
Relationship between Environmental Constraints and Botanical
Composition
Environmental Variables as a Source of Selection Pressure on Species
Selective Grazing: Another Source of Selection Pressure on Species
Environmental Constraints and Species Competition
Fitness in Plant Species
Biodiversity within Species
Plasticity: An Alternative Plant Response to Environmental Constraints
Summary and Conclusions

References

Chapter 3 ECOLOGY OF PASTORAL COMMUNITIES IN A
HETEROGENEOUS ENVIRONMENT. 1. ABIOTIC
ENVIRONMENT

Abstract

Introduction

Materials and Methods

vi

ii

v

xi
Xiv

XV

10

14
15
16
19
20
20
25
28
30

41
42
43



Site
Measurements
Statistical Analysis
Results
Soil Properties
Fertiliser and Stocking Rate
Slope
Fertiliser and Stocking Rate-Slope Interaction
Pasture Production
Fertiliser and Stocking Rate
Slope Effect
Fertiliser and Stocking Rate-Slope Interaction
Relationship between Soil Physical, Fertility and Plant Constituents
Discussion
Soil Physical Features
Soil Fertility Features
Pasture Production and Dead Matter
Relationship between Soil Attributes and Production
Conclusions and Implications

References

Chapter 4 ECOLOGY OF PASTORAL COMMUNITIES IN

A

HETEROGENEOUS ENVIRONMENT. II. BOTANICAL
COMPOSITION AND THE SOIL-PASTURE

RELATIONSHIP

Abstract
Introduction
Materials and Methods

Site

Measurements

Statistical Analysis
Results

Plant Functional Groups Presence

vii

E R

47
47
47
48
53
53
53
54
55
55
57
57
61
62
63
65
67

71
72
73
74
74
75
76
77
77



Pasture Production
Distribution of the Plant Functional Groups in the Field
Relationship between Plant Functional Groups
Relationship between Soil Features and Plant Functional Groups
Discussion
Hill Country Heterogeneity and Pasture Production
Functional Groups
Functional Groups-Soil Variables Relationship
Dynamic of the Functional Groups in Relation to Soil Variables
Segregation of Species and Functional Groups
Field Condition and Functional Groups
Conclusions and Implications

References

Chapter 5 ECOLOGY OF PASTORAL COMMUNITIES IN A
HETEROGENEOUS ENVIRONMENT. III. SELECTIVE
DEFOLIATION OF Agrostis capillaris, Anthoxanthum
odoratum AND Lolium perenne BY GRAZING SHEEP

Abstract

Introduction

Materials and Methods

Results

Pasture Growth Rate

Defoliation Probability within Seasons

Change in the Defoliation Probability between Consecutive Seasons
Slope Category-Species Interaction
Main Effects
Leaf Length-Defoliated Tillers Relationship

Discussion

Technique used to Evaluate Grazing

Pasture Production

Grazing Analysis at Paddock Level

Microrelief and Species Selection through the Year

viil

81
82
83
83
86
86
86
89
91
93
94
95
97

101
102
103
105
107
107
107
108
109
110
112
114
114
114
115
115



Factors Influencing Site and Species Selection
Conclusions and Implications

References

Chapter 6 ECOLOGY OF PASTORAL COMMUNITIES IN A
HETEROGENEOUS ENVIRONMENT. IV. PLASTICITY
AND ECOTYPE SEGREGATION OF GRASS SPECIES
Abstract
Introduction
Materials and Methods
Site
Phosphorus Fertilisation
Grazing Management
Pasture Production
Collection of Parent Material
Management of the Parent Material and Controls
Fertilisation Treatments and Management of the Experimental Material
Measurements
Statistical Analysis
Results
Overall Analysis
Effect of Phosphorus and Nitrogen on Yield
Effect of Phosphorus and Nitrogen on Height
Effect of Phosphorus and Nitrogen on Horizontal Structure
Effect of Phosphorus and Nitrogen on Leaf Length

Lolium perenne Genotypes

Discussion
Differentiation between Populations from Contrasting Conditions
Agrostis capillaris
Holcus lanatus

Anthoxanthum odoratum

Cynosorus cristatus

X

118
121
122

127
128
129
131
131
131
131
131
132
133
134
135
136
136
136
139
141
142
143
146
147
149
149
150
151
151



Lolium perenne

Effects of Environmental Heterogeneity on Plant Species
Conclusions and Implications

References

Chapter 7 GENERAL DISCUSSION
The Grassland Ecosystem
Ecological Dynamic of Hill Country Grasslands
Ecotypes and Phenotypic Plasticity
Ecotypes and Phenotypic Plasticity in Relation to Field Condition and
Plant Functional Groups
Ecotype Segregation
Conclusions

References

152
154
154
156

162
163
163
164

166
168
168
170



Table

LIST OF TABLES

Chapter 3

Effect of fertility - stocking rate history and slope on water holding
capacity.

Effect of fertility - stocking rate history and slope on unsaturated
hydraulic conductivity.

Effect of fertility - stocking rate history and slope on total soil porosity,
bulk density, field volumetric soil moisture, soil compressibility, soil
rebound, soil rebound:compression ratio and air permeability.

Slope of the studied sites and effect of fertility - stocking rate history
and slope on soil mineralised nitrogen, ammonium, total nitrogen,
organic matter, Olsen-P and sulphate contents.

Effect of fertility - stocking rate history and slope on pH (water and
CaCl,), soil exchangeable potassium, sodium, calcium, magnesium and
aluminium, aluminium saturation and exchangeable total bases.

Effect of fertility - stocking rate history and slope on pasture
production (green material), dead material and green:dead material
ratio.

Correlation amongst the relevant soil variables of the microsites and

total dry matter.

Chapter 4
Groups and sub-groups of species of the naturalised pasture of the

hill country of New Zealand according to their functional type
determined by cluster analysis.

Total dry matter production and distribution of the yield for
specific functional types (groups I, II and III) in the naturalised
pasture in the hill country of New Zealand.

Production and distribution of the yield for specific functional types
(groups IV, V, VI and VII) in the naturalised pasture in the hill

country of New Zealand.

X1

Page

48

49

50

51

52

54

58

78

80

81



Correlation amongst found functional types determined by canonical
correlation analysis of the naturalised pasture of the hill country of
New Zealand.

Correlation amongst soil variables and functional types deternined by
canonical correlation analysis of the naturalised pasture of the hill

country of New Zealand.

Chapter 5
Probability of marked tillers being grazed within season and overall.

Change in the probability of the marked tillers being grazed from one
season to the next.

Leaf length (mm) of the marked tillers of A. capillaris, A. odoratum
and L. perenne within season.

Leaf length (mm) of the marked tillers of A. capillaris, A. odoratum

and L. perenne grazed and ungrazed within season.

Chapter 6
Soil characteristics of the microsites where the vegetative material

utilised in the genotypes evaluation grew before being placed in
glasshouse conditions.

Total yield (In g DM/pot), height (In cm), horizontal structure (In
score), architecture (In score) and leaf length (In mm) of genotypes
from two contrasting environments and its controls tested under
glasshouse conditions.

Effect of five levels of phosphorus on the dry matter production (In g
DM/pot) of genotypes from two contrasting environments and controls
grown under glasshouse conditions.

Effect of three levels of nitrogen on dry matter production (In g
DM/pot) of genotypes from contrasting environments and controls
grown under glasshouse conditions.

Effect of five levels of phosphorus on the height (In cm) of genotypes
from two contrasting environments and its controls grown under

glasshouse conditions.

X11

82

83

110

111

112

113

132

138

140

141

142



10

Effect of three levels of nitrogen on the height (In cm) of genotypes
from contrasting environments and on controls grown under
glasshouse conditions.

Effect of three levels of nitrogen on horizontal structure (In score) of
genotypes from two contrasting environments and controls grown
under glasshouse conditions.

Effect of three levels of nitrogen on leaf length (In mm) of genotypes
from contrasting environments and controls grown under glasshouse
conditions.

Adjusted equations for the leaf length (In mm) development of a full
leaf of genotypes from two contrasting environments and controls
grown under glasshouse conditions.

Area under the adjusted curve for the leaf length development and final
leaf length (In mm) estimated by the adjusted equations for the leaf
length development of a full leaf of genotypes from two contrasting

environments and controls grown under glasshouse conditions.

Xiil

143

144

145

146

148



Figure

LIST OF FIGURES

Chapter 3
Canonical variates for soil variables.

Canonical scores from soil features of the microsites

Chapter 4
Functional types from cluster analysis for the naturalised pasture of

the hill country of New Zealand.

Canonical variates for soil and functional types relationship.

Canonical scores from soil features and functional types of the
replicated microsites.

Succession of functional groups according to changes in soil

condition.

Chapter 5
Seasonality of the growth rate of a fertile (HH) and infertile (LN)

paddocks and of the three categories of slopes (LS Low slope, MS
Medium slope, HS High slope) in a hill country pasture.

Growth rate of the pasture in three slope categories (LS Low slope,
MS Medium slope, HS High slope) of fertile (HH) and infertile (LN)
paddocks in the hill country.

Chapter 6
Leaf length (mm) development of a full leaf of two genotypes of A.

odoratum from two contrasting environments grown under glasshouse

conditions.

Xiv

Page

55
56

79
84

85

87

108

109

147



LIST OF ABBREVIATIONS

Ac Agrostis capillaris

Al Exchangeable aluminium
Alg,, Aluminium saturation

Ao Anthoxanthum odoratum

AP Air permeability

BD Bulk density

Ca Exchangeable calcium

Cc Cynosorus cristatus

Ctr Control group

GDD Growing degree days

FT Field treatment

FVSM Field volumetric soil moisture
HCS Lolium perenne Hill Country Selection
HH High-High

HH-HS High high-High slope

HH-LS High high-Low slope

HH-MS High high-Medium slope

Hl Holcus lanatus

HS High slope

K Exchangeable potassium
Kunsat Unsaturated hydraulic conductivity
K Kunsae at S mm of tension

Ko Kunsae at 20 mm of tension
Ko Kunsar at 40 mm of tension
Ko Kunsar at 100 mm of tension
LL Leaf length

LN Low-No

LN-HS Low no-High slope

LN-LS Low no-Low slope

LN-MS Low no-Medium slope

XV



Lp

LS

Mg
MS

Na
NH4-N
NOs-N
P
PHcacn
pH.
SC
SLP
SN
SOM
SOs-S
SP
SPP
SR
SR:SC
STB
Total-N
VSM
VSM)o
VSMy
VSMs
VSM 00
WHC

Lolium perenne

Low slope

Exchangeable magnesium
Medium slope

Exchangeable sodium
Ammonium-nitrogen

Soil nitrate-nitrogen

Olsen-P

pH CaCl,

pH water

Soil compression

Slope

Lolium perenne cv. Super Nui
Soil organic matter

Soil sulphate

Total soil porosity

Plant species

Soil rebound after compression
Soil rebound-compression ratio
Soil total bases

Total soil nitrogen
Volumetric soil moisture
VSM at 10 cm of tension
VSM at 20 cm of tension
VSM at 50 cm of tension
VSM at 100 cm of tension

Water holding capacity

Xvi



