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Determination of tiller and root appearance in perennial ryegrass
(Lolium perenne) swards by observation of the tiller axis, and
potential application in mechanistic modelling
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Abstract Recording of bud status at successive
phytomers on the tiller axis in perennial ryegrass
was shown to provide information similar to that
obtained from conventional recording of tiller
appearance by monitoring marked tillers. The
technique can be extended to monitor the number
of roots formed. These observations lead to the
establishment of a notation which describes tiller
and root appearance, respectively, on the basis of
probability or frequency per phytomer. These
statistics are analogous to but less ambiguous in
their interpretation than site filling statistics
currently used to define tiller, and sometimes root,
appearance. Potential modelling applications of
quantifying sward dynamics at the phytomer level
are discussed. In particular, nodal frequency
statistics allow development of mass flow equations
to describe leaf, tiller, and root production, and
seasonal variation in allocation of photosynthate to
developing tillers and roots.
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INTRODUCTION

In past studies of grass sward behaviour, processes
of leaf, tiller, or root formation have usually been
examined as distinct entities, e.g., Bircham &
Hodgson (1983) and Parsons et al. (1983) (leaf
formation and death); Langer (1963), Langer et al.
(1964), Garwood (1969), and Korte (1986) (tiller
population demography); and Garwood (1967),
Caradus & Evans (1977), and Matthew (1992) (root
dynamics). Although the reasons for studying these
different processes separately have probably been
logistical rather than philosophical, the practice of
focusing on a particular sward process in major
studies has resulted in a lack of attention to
understanding the ways these processes interrelate.
Such understanding is of increasing importance, in
order to both understand the grass tiller as a
functional unit and provide an accurate represent-
ation for modelling purposes.

The most commonly used framework for
evaluating the balance between respective processes
of leaf, tiller, and root production has been to
calculate a so-called site filling ratio (Fs). This
concept was first introduced by Davies (1974) in
order to gain a measure of comparative tiller
production following differing defoliation regimes,
and has since been extended to cover other ratios
including a root:leaf (Fr|) and a root:tiller (Frt) ratio
(Hunt & Thomas 1985). More recently,'there has
been detailed mathematical analysis of properties
of site-filling ratios (Neuteboom & Lantinga 1989)
and application of the concept in modelling plant
development (Van Loo 1992).

Morphologically, the grass tiller has a segmental
organisation, new segments known as phytomers
being formed at regular intervals at the apical
meristem (Sharman 1947; Davies 1977; Jewiss
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1981). A few authors have recognised and explored
the link between segmental morphology of grasses
and their behaviour. Notable examples are structural
diagrams of Poa pratensis plants (Etter 1951) and
the work of Silsbury (1970). Matthew et al. (1991)
attempted to integrate information about leaf, shoot,
and root formation and these authors considered the
tiller axis to be the integrating principle. When leaf,
tiller, and root appearance data are to be expressed
as events on the tiller axis, the logical approach is
to develop a phytomer-based notation. Thus,
Matthew (1992) suggested calculation of nodal
probability of formation of a tiller or a root. The
term probability implies that values range between
0 and 1, and is appropriate when describing the fate
of the single axillary bud at each phytomer.
However, there are often several roots per phytomer.
For example, there are up to four roots per phytomer
in wheat (Klepper et al. 1984) and sometimes more
than ten in maize (Demotes-Mainard & Pellerin
1992). Therefore, an alternative term, nodal
frequency, is adopted here when referring to root
formation.

Nodal probability of tiller formation or
frequency of root formation is designated Tn or Rn,
respectively, and is formally defined in Materials
and Methods, below. These entities are analogous
to the equivalent site-filling ratios, Fs or Fri, but are
intrinsically more logical since the theoretical
maximum for Tn is 1.00 rather than 0.69 as
determined for Fs by Neuteboom & Lantinga
(1989). Similarly, the theoretical maximum for Rn

is the number of root primordia per node. Another
advantage of nodal frequency notation over site-
filling notation is that site-filling ratios are
ambiguous in their interpretation. For example, an
increase in Fs will arise either where there is an
increase in the nodal probability of tiller formation
or a decrease in the number of phytomers (or delay)
between site of leaf formation and site of tiller
formation on the tiller axis (Neuteboom & Lantinga
1989). Also, the theoretical maximum for Fs may
be 0.41 or 0.69 depending on whether or not tillers
form in prophyll axes. Finally, these maxima of 0.41
and 0.69 assume that tillers on successive phytomers
on the tiller axis form in strict succession. They
would be exceeded in conditions where tillers
develop more or less simultaneously on two or more
adjacent phytomers. Although the properties of Fr|
have been less thoroughly explored in the literature,
the ambiguities in interpretation of Fs also apply to
the interpretation of Fr|- A concept very similar to

our nodal frequency concept, namely site usage, was
proposed by Skinner & Nelson (1992). However,
site usage as defined by Skinner & Nelson (1992)
is a whole plant average for a period of time, rather
than for a particular phytomer or node number on
the tiller axis.

Two potential applications for nodal frequency
data are evident. First, to the extent that the rate of
phytomer formation and development is constant
for different tillers in a population, nodal frequency
data for numbers of tillers or roots present at
particular node numbers comprise a record of tiller
and root appearance. In this case, historical tiller or
root appearance could be obtained by a single
examination of harvested tillers in the laboratory
as an alternative to sequential monitoring of tagged
tillers in the field. Secondly, to the extent that
phytomer formation and development can be
assumed to be a steady state process, mass flow
equations for tissue turnover of particular organs
are readily generated.

This paper reports investigations into the
development of the methodology. Measurements
were made in association with three separate
experiments already in progress. A first data set was
collected to test the feasibility of obtaining
agronomically useful information on tiller appear-
ance rate by observation of bud status at successive
nodes on the tiller axis. Results proved promising
and further measurements were carried out to
compare nodal probability data with that obtained
by the conventional method of observing tagged
tillers, and to test the extension of the technique to
collect root appearance information simultaneously.
We also develop an equation to calculate the nodal
probability or frequency equivalent of a given site-
filling ratio and briefly discuss the formulation of
mass flow equations. Yang et al. (1998) describe a
small but more systematic study set up to map the
number of phytomers and their state of development
from formation at the apical meristem to senescence
following root formation and death, for tillers in
swards of perennial ryegrass {Lolium perenne) and
tall fescue (Festuca arundinacea).

MATERIALS AND METHODS

Tiller appearance determination
Two initial data sets were collected in Britain, both
from within the Cae Ruel field, adjacent to the
Institute for Grassland and Environmental Research


