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Quantifying different causes of leaf and tiller death in grazed
perennial ryegrass swards
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Abstract Death of plant material in grazed
perennial swards results from a number of
processes, particularly leaf senescence, tiller death,
and grazing. These processes must be understood
in detail to manage supply of high quality pasture
for, especially, dairy cattle through the reproductive
season. Although measurements have been made
under a variety of pasture conditions, a generalised
model has not yet been established. This paper
reviews experimental evidence for the rates of leaf
and tiller death resulting from five independent
physical and physiological mechanisms operating
in a grazed ryegrass-dominant pasture. First-order
(linear) models are formulated to predict the rates
of leaf and stem death on vegetative and repro-
ductive tillers in such a pasture. Leaf death rate
accounts for 90% of dead matter production in the
non-reproductive season, and was found to be
linearly correlated to soil temperature. During
reproduction, decapitation of reproductive stems,
usually prior to ear emergence, is the dominant
source of dead material. These models provide an
essential component of the detailed modelling of
grazed pasture tissue dynamics.
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INTRODUCTION

In New Zealand farms, grass pasture is the principle
food source for animals. During the summer-
autumn period, management of this food source is
complicated by changes in pasture structure which
result from plant reproductive development and
relatively warm, dry weather. These effects may
lead to accumulation of dead leaf and stem material
in the sward so that, despite high pasture masses,
animal production may be restricted by the low
quality of herbage (Bryant 1982; Korte et al. 1984).

In order to identify opportunities for improved
use of summer-autumn pasture, a model of tissue
cycling in grazed reproductive pastures is being
developed. This model will include simulations of
the effects of stocking density and water application
patterns on the production and disappearance of
dead material in the sward. A key component is
clearly the ability to predict the rates of leaf and
tiller death throughout the year. In order to make
these predictions, the various physical and
physiological processes driving the death of green
leaf and stem material are first reviewed and then
modelled.

Senescence is the name given to the physio-
logical process in plants whereby fully mature plant
parts, particularly leaves, age and die. In pasture
studies, senescence has generally been defined as
total dead mass accumulation (e.g., Hunt 1970;
Wilman& Mares-Martins 1977;Cayleyetal. 1980).
This definition, however, does not recognise the
separate physiological and physical processes
contributing to the build-up of dead material, of
which leaf senescence is only one. More recent
studies have monitored the lifespan of individual
leaves (Vine 1983; Chapman et al. 1984) or tillers
(Chapman et al. 1984; L'Huillier 1987). This
approach provides ideal data for the construction
of more detailed predictive models.

Previous grazing models have often assumed
that a given proportion of sward leaf material
senesces each day (e.g., Blackburn & Kothmann
1989; Hearne & Buchan 1990; Mohtar et al. 1994;
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Fig. 1 Schematic of tissue flows in a grazed perennial
pasture model. The flows modelled in this paper are
annotated with their rate response functions.
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is independent of tiller age (Colvill & Marshall
1984; Korte 1986), although this is not true for some
other grasses (Jonsdottir 1991). This is in contrast
to leaf senescence rate, which is the result of
interactions between leaf appearance rate and leaf
life span, both of which change seasonally and in
response to nitrogen (Wilman & Mares-Martins
1977; Vine 1983). In addition, reproductive tillers
die when the reproductive stem matures or is grazed
(Chapman et al. 1984; L'Huillier 1987). Models
have not been developed to describe the rates of
these processes.

The object of this paper was to quantify the
various biological processes contributing to the
death of pasture tissue in the vegetative and
reproductive fractions of the sward and to estimate
the rates of these processes for New Zealand
perennial ryegrass pastures as they are influenced
by fluctuations in temperature.

Schwinning & Parsons 1996). This proportion is
called the relative senescence rate. The assumption
that relative senescence rate is an environmentally
determined constant seems to hold in many cases,
particularly in continuously grazed swards (Cayley
et al. 1980; Bircham & Hodgson 1983; Chapman
et al. 1984), but may not be appropriate under
rotational grazing, because relative senescence rates
of ryegrass and clover leaves have been observed
to increase during the regrowth phase (Hunt 1970;
Robson 1973). Woodward & Wake (1994) used a
simple delay model to confirm that relative
senescence rates would be expected to decrease
slightly following defoliation. A similar result was
derived from a more detailed model by Johnson &
Parsons (1985). However, further analysis showed
that the overall effect of leaf age on total canopy
senescence in a rotational grazing system is likely
to be small, so that using a constant relative
senescence rate may be sufficiently accurate for use
even in intermittently defoliated swards (Woodward
1993).

Deaths of whole vegetative tillers (and their
leaves) result from many processes, including
shading, severe grazing, pulling, dung and urine
deposition, trampling, winter-kill, competition for
nutrients, disease, and grazing by pests (Ong et al.
1978;Alberda&Sibma 1982;Breretonetal. 1985;
Thorn et al. 1986; Matthew 1992; Bullock et al.
1994; Matthew et al. 1996). Field studies on
ryegrass have suggested, however, that the
instantaneous death rate of whole vegetative tillers

MODEL DESCRIPTION

The pasture model considers five categories of plant
tissue: V, green leaf and sheath on vegetative tillers;
R, green leaf and sheath on reproductive tillers
(defined as those undergoing reproductive stem
elongation); S, green reproductive stem; M, mature
reproductive stem (defined as stems with full ear
emergence); and D, dead leaf, sheath, and stem
material. Although the model recognises the
physiological processes occurring at the tiller and
leaf levels, this is a mass-based and not a tiller-based
model, and each category is quantified as kg dry
matter ha"1. I followed Chapman et al. (1984) in
considering only tissue on tillers which were of
sufficient size to enter the grazing horizon, so that
small, short-lived daughter tillers were ignored.
While these may be significant in terms of tiller
demographics, their contribution to herbage mass
is likely to be negligible.

Turnover of pasture tissue was modelled by
considering the various flows between these five
categories (Fig. 1). All flows were expressed as kg
ha"1 d"1, and the model variables and parameters
are summarised in Table 1. "Death" in this context
concerns three of these flows: the conversion of
vegetative green material V into dead D, the
conversion of live reproductive stem S into mature
stem M, and the conversion of green leaf and sheath
on reproductive tillers R into dead D. However, each
of these flows represents the sum of several
physiological and physical processes operating in


