
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



ECOLOGY OF PASTORAL 

COMMUNITIES IN A 

HETEROGENEOUS ENVIRONMENT 

A thesis presented in partial fulfilment of 

the requirements for the degree of 

Doctor of Philosophy 

in Pastoral Science 

at Massey University, 

Palmerston North, New Zealand. 

Ignacio Fernando Lopez 
2000 



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, 1 3-25°; 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 (Kunsat) , 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, Kunsah 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, Kunsah 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 categories and 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 (HI), 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 HI genotypes. Thus, Ao, Cc and Lp showed 

ecotype differentiation. Ac genotypes showed high plasticity with no ecotype 

differentiation. 
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