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ABSTRACT

This thesis reports the results of three experiments, one with perennial ryegrass

(Lolium perenne L.) cv. Ellett under rotational sheep grazing, one with prairie grass

(Bromus willdenowii Kunth.) cv. Grasslands Matua under rotional dairy cow grazing,

and one with smooth bromegrass (Bromus inermis Leyss) under cutting management.

The first two experiments were carried out at Massey University, New Zealand, the
third at Beijing Agicultural University, China. Each experiment involved management
variations set within a range considered to be appropriate to the species under
examination, and was complete in itself. The objective of the study reported here was
to examine the sensitivity to defoliation of the three grass species, sensitivity being
defined principally in terms of adjustment in tiller population density and tissue
turnover to variations in defoliation treatment. The results are reported separately, but

are drawn together for comparative purposes in an integrating discussion.

Flexibility in response to defoliation, measured in terms of the number of live leaves
per tiller, the rate of leaf appearance, dry weight per tiller, and tiller population density,
differed substantially in perennial ryegrass, prairie grass, and smooth bromegrass, and

had a major influence on the sensitivity of the species to contrasting managements.

Net herbage production was relatively insensitive to hard (2.5cm, post grazing
1000kgDM/ha) and lax grazing (15cm, post grazing 2000kgDM/ha) in perennial
ryegrass pasture because of rapid adaptive change in tiller population density, which
was usually greater under hard grazing than under lax grazing, and compensating

changes in rates of herbage growth and senescence.

Net herbage production of prairie grass was greater under lax (12cm, post grazing



2500-3500kgDM/ha) than under hard (6cm, post grazing 1500-2000kgDM/ha)
grazing, associated with reduction in tiller population density under the latter

treatment, and a greater reduction in herbage growth than in senescence per tiller.

In smooth bromegrass, tiller populations were greater under lax (30 cm) than under
hard (10 cm) cutting, though the closer cutting treatment resulted in greater green
herbage accumulation, because of a greater reduction in the rate of herbage senescence

than in the rate of herbage production.

In general terms, perennial ryegrass demonstrated substantial genotypic plasticity in
the adaptive changes in the balance between tiller population density and tiller size,
reflecting the high tillering potential in this species. Rates of leaf production on main
and daughter tillers consistently made the major contribution to tissue turnover in this.
In contrast, prairie grass showed little adaptive response in tiller population density
when tiller size was reduced, and the main component of tissue turnover was generaley
stem material. Though tiller size was similar in smooth brome and prairie grass,
adaptive changes in the balance between tiller size and population were more complete
in the former species and leaf tissue made a greater contribution than stem to tissue

turnover.

The effect of seasonal change in the enviroment on the growth of grass swards is
complicated by progression from vegetative to reproductive development. In ryegrass
pasture, there were advantages to spring and summer pasture production from a
management which allowed seed head development to anthesis in spring, followed by
hard grazing to enhance the subsequent development of new vegetative tillers. For
smooth brome grass initial cutting at anthesis resulted in a greater rate of green
herbage accumulation subsequently than did cutting one month later. In prairie grass

the limited development of replacement daughter tillers contributed to the relatively



iii

poor performance of this species under hard grazing. The relationship between the
timing and severity of defoliation and the physiological status of the plant was
therefore critical in determining subsequent herbage growth in all three species, though
there were clearly specific differences in effects on the balance between stem and new

tiller production and the expansion of daughter tillers.

This study suggested that a better understanding of the limits of adaptitive response in
the different species, particularly in tiller population structure and tissue turnover, will
provide an objective basis for planning pasture management. Studies of this kind,
preferably made under strictly controlled comparative conditions, would be a

particularly important component of evaluation programs for new plant genotypes.
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