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Effect of cultivar of white clover on plant morphology during the
establishment of mixed pastures under sheep grazing
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Abstract The establishment of white clover from
seed is characterised by two distinct morphological
growth forms, a seminal tap-rooted stage with
radiating stolon systems lasting 1-2 years, followed
by a clonal growth form. Transition of a plant from
tap-rooted to clonal form occurs when the tap root
and primary stem axis die, releasing a variable
number of stolon systems as independent clonal
plants. The purpose of this study was to investigate
any effect different cultivars of white clover may
have on the morphology of plants during the
transition of populations from tap-rooted to clonal
growth form when establishing in mixed pastures
based on either perennial ryegrass or tall fescue.
Cultivars studied ranged from small-leafed to large-
leafed cultivars in the order of Prop, Prestige,
Demand, Huia, Sustain, Le Bons, Kopu, and Aran.
During the tap-rooted phase there were no
differences between cultivars in shoot growth apart
from the small-leafed cultivars (Prop, Prestige,
Demand, and Huia) having a higher plant branching
order and lower partitioning to leaf than the large-
leafed cultivars (Sustain, Le Bons, Kopu, and Aran).
After one year, tap-rooted plants were 4-5 times
larger than plants in the subsequently formed clonal
populations. Tap root death and fragmentation to
form clonal plants commenced one year after
sowing and initially occurred at a faster rate in
small-leafed than in larger-leafed cultivars. By 15-
18 months later, loss of all tap-rooted plants in all
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cultivars was complete. The mean characteristics
of clonal plants and populations were similar for
all cultivars, and similar to those reported in other
studies. It took two years of differential grazing
management to achieve the balance in plant DW
structure reported in older pastures. The possible
role of changes in plant form in cultivar
performance is discussed.
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INTRODUCTION

All white clover {Trifolium repens) plants have two
distinct phases of growth, an initial tap-rooted phase
followed by a clonal phase (Erith 1924; Thomas
1987). In the first, starting as a seedling, white
clover develops a strong seminal tap root which
persists for 1-2 years (Westbrooks & Tesar 1955;
Brock et al. 2000). Death of the tap root initiates
the second or clonal phase. Upon death of its
primary stem and tap root, the tap-rooted plant
fragments to form a variable number of smaller
independent clonal plants each now reliant on a
nodal root system (Harper 1977; Brock et al. 1988).
Brock et al. (2000) identified a transition period
during which the white clover population comprises
both tap-rooted and clonal plants and described their
respective morphologies. The transition period
commences when the first tap-rooted plant
fragments, and continues for 15-18 months until
all tap-rooted plants have fragmented, approx-
imately 2-2.5 years after sowing.

Since the 1920s, there has been continued
selection and development of white clover to
produce higher yielding cultivars for various
management systems and climatic regions in New
Zealand (Caradus et al. 1996). Persistence and high
yield are generally negatively correlated (Caradus
& Williams 1989), therefore, selection to improve
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yield often means that high yielding cultivars are
less persistent, particularly under high grazing
pressure (Brock 1988; Brock & Hay 1996). Since
higher growing point density is known to increase
persistence (Caradus & Williams 1989), deliberate
attempts to introduce higher stolon density into
large-leafed cultivars have been made in recent
years (Caradus et al. 1996). Such developments
when coupled with commercial pressures for
proprietary cultivars, plus the importation of
overseas cultivars, have resulted in an increase in
the range of genetic material available in New
Zealand (Mather et al. 1996).

The aim of this study was to determine if there
were any differential patterns of development within
a range of morphologically contrasting white clover
cultivars as they develop from sowing through the
transition period from tap-rooted to fully clonal
populations. This study was conducted under the
management systems of a larger self-contained
farmlet-scale experiment established in 1995.

MATERIALS AND METHODS

Site preparation sowing and establishment
The experiment site was at the AgResearch
Grasslands Research Centre, Palmerston North,
New Zealand, an area of Manawatu fine sandy loam
(Dystric Fluventic Eutrochrept) overlying deep
sands and gravels (Cowie 1978).

Prior to establishment of the experimental
pastures, the site had been cropped (cut and carry)
with 'Grasslands Tama' annual ryegrass {Lolium
multiflorum) for five years (1990-1994) to reduce
variation in soil fertility that may have resulted from
previous experiments. Ploughed in early January,
the seedbed was prepared during summer incor-
porating superphosphate fertiliser (250 kg ha~'; 9%
P, 12% S) and sown by hand on 18-19 April 1995.
Sowing rates were adjusted by seed weight and
germination percentage to apply 1000 and 400
viable seeds m~2 of all grass and white clover
cultivars, respectively. Commencing in August
1995, all pastures were grazed in common down to
3-5 cm using on/off mob grazings with sheep for
2-3 days when pasture height reached 15-20 cm.
There were 11 grazings over the first 16 months
prior to imposing the grazing management
treatments in winter 1996.

Experimental layout and design
The experiment used a split, split plot factorial
design with two replications (Table 1). Grazing
management treatments centred around the spring
period, as previous studies have shown that the late
spring-early summer period has the most influence
on plant growth and population stability (Brock &
Hay 1993). Each grazing management treatment
had six paddocks, one of each of the four grasses
(Table 1) plus two others so as to provide a large

Table 1 Experimental design and description of treatments. White clover cultivar descriptions are relative to Huia
(Caradus et al. 1996).

Design Treatment/Description

Main plots (5)
(Grazing managements)

Sub-plots (4)
(Grass species/cultivars)

Sub-sub-plots (8)
(White clover cultivars)

Continuous grazing all year compared with 12-, 24- or 36-day rotation or continuous
grazing from late winter to early summer (late August-December), rotational
grazing for the remainder of the year.

Perennial ryegrasses (Lolium perenne) 'Embassy', 'Grasslands Nui', and 'Grasslands
Impact'

Tall fescue (Festuca arundinacea) 'Grasslands Advance'

'Prop'
'Grasslands Prestige'

'Grasslands Demand'

'Grasslands Huia'
'Grasslands Sustain'

'Le Bons'
'Grasslands Kopu'
'Aran'

small leaves, high stolon density, winter-spring active
medium-small leaves, high stolon density winter-spring-

summer active
medium-small leaves, high stolon density spring-summer-

autumn active
medium leaves, medium stolon density mid-spring active
medium-large leaves, high stolon density summer-autumn-

winter active
large leaves, low stolon density winter active
large leaves, low stolon density winter active
very large leaves, very low stolon density summer-autumn

active


