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Abstract Twenty-four white clover (Trifolium
repens) breeding lines from a single cycle of
selection for extremes of leaf size, internode length,
and proportion of nodes branching in both full
sunlight and 50% sunlight (shade) were compared
with six cultivars over 3 years. These comparisons
were conducted in New Zealand at a flat fertile
lowland site rotationally grazed by sheep, and a
steep hill country lower fertility site rotationally
grazed by sheep and cattle. Selection for extremes
of leaf size had the most consistent effect on clover
content and yield.
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INTRODUCTION

White clover (Trifolium repens) persists vege-
tatively in pastures through stolon growth. Stolon
elongation rate, node appearance rate, and incidence
of nodal branch contribute to maintaining high
stolon growing point densities. High stolon growing
point density is associated with small leaf size
(Caradus et al. 1996). Development through
selection and breeding of experimental populations
varying in internode length (and, indirectly, stolon
elongation rate), incidence of nodal branching, and
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leaf size (Caradus & Chapman 1996) has provided
an opportunity to test the importance of specific
stolon characteristics and associated leaf size on
white clover yield, spread, and persistence.

MATERIALS AND METHODS

Plant material
As reported in previous studies (Caradus &
Chapman 1991, 1996), selections were developed
within two white clover cultivars, Grasslands
Tahora and Grasslands Kopu, to produce 24
experimental breeding populations. These popula-
tions were from selections, within each of the two
cultivars, made in either full sunlight or 50%
sunlight (shade treatment) for binary combinations
of high or low frequency of nodal branching, or
long or short internodes, or large or small leaf size.
This material was compared with six named
cultivars: Kopu, Grasslands Huia, Tahora,
Grasslands Sustain, Grasslands Prestige, and
Grasslands Demand.

Trial sites
Trials were conducted in the North Island, New
Zealand, at Palmerston North, a lowland fertile, flat
site, where the companion species was perennial
ryegrass (Lolium perenne), and at "Ballantrae"
(southern Hawke's Bay), a hill country and lower
fertility site with an average slope of 25°, where
the predominant companion species were browntop
(Agrostis sp.), sweet vernal (Anthoxanthum
odoratum), and Yorkshire fog (Holcus lanatus). To
remove existing white clover, sites were sprayed
twice with dicamba (8 ml I"1) at least one month
prior to planting with the white clover breeding lines
and cultivars. At Ballantrae, Grasslands Demand
was replaced with an ecotype population collected
as seed from that site, and planting rows were
sprayed with Buster® (glufosinate ammonium)
(10 ml I"1) in late September 1992 to decrease grass
competition. Both sites were grazed by sheep
immediately prior to planting.
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Plant culture and site management
Pre-germinated seed of the 30 breeding lines and
cultivars were sown into trays of potting mix in July
1992 and grown for eight weeks in a heated
glasshouse. After hardening outside they were
planted at Palmerston North on 23 September 1992
and at Ballantrae on 22 October 1992.

Seedlings were planted in 1 m rows (plots) with
10 plants per row. Rows were at 1 m centres and
traverses separated by 0.5 m. Lines and cultivars
were arranged in a randomised complete block
design with five replicates.

Grazing by sheep at Palmerston North and sheep
or cattle at Ballantrae began six weeks after
planting. Sites were grazed by mob-stocking at
regular intervals so that there were nine grazings
per year at Palmerston North and six grazings per
year at Ballantrae.

Growth and persistence were measured by:
(a) visually scoring clover content and yield on a

linear 0 to 10 scale, prior to grazing by sheep at
Palmerston North eight times in Years 1 and 2
and six times in Year 3, and prior to grazing by
sheep or cattle at Ballantrae five times in Year
1, seven times in Year 2, and six times in Year 3;

(b) determining spread from planted rows by taking
three measurements across planted rows, at 20,
50, and 80 cm from the end of the row, in April
and November 1993 at Palmerston North, and
in November 1993 and March 1994 at
Ballantrae;

(c) harvesting 400 cm2 quadrats to 1 cm height,
separating white clover from companion
species, drying, and weighing, and recording
number of white clover leaves. Dry matter
harvests were undertaken at Palmerston North
in December 1993, June and December 1994,
May 1995, and April 1996, and at Ballantrae in
November 1993, May 1994 and 1995, and June
1996.

Statistical analysis
Data were analysed in paired, pre-planned com-
parisons to determine the effect of selection, in
either full sunlight or 50% sunlight, for extremes
of nodal rooting, internode length, and leaf size.
Growth scores and spread measurements were
averaged across years for each site prior to analysis.
The named cultivars were analysed as a group at
Palmerston North and Ballantrae. From harvest
data, calculations were made of leaf number per
m2, proportion of clover dry matter in sward, total

clover dry weight m~~2, individual clover leaf weight,
and total dry matter yield m~2. Data were averaged
across harvests for each site.

RESULTS

Effect of selection for leaf size
Response to selection for leaf size was successful
in three of the four selection groups at the lowland
site, but for only one of the four groups at the hill
country site (Table 1).

Selection for leaf size within cultivars did,
however, influence agronomic performance (Table
1). Selection for increased leaf size in either full or
50% sunlight within Tahora resulted in an increase
in clover growth score, clover dry weight, and
percentage of clover in the sward at both sites. For
Kopu, the effect of selection for leaf size on
agronomic performance was more complex. In the
hill country, selections for smaller leaf size in both
sun and shade followed the same trend, but at the
lowland site those selected in full sunlight indicated
the reverse.

Effect of selection for internode length
Selection for extremes of internode length had no
significant effect on clover growth score, clover
leaves m~2, or clover dry weight for any of the
paired comparisons. At the lowland site, the Tahora
breeding line selected for long internodes in full
sunlight had larger leaves than that selected for short
internodes (4.5 and 3.1 mg, respectively, P < 0.05).
At both sites, the Tahora breeding line selected for
long internodes in shade had greater spread than
selection for short internodes (38 cm and 26 cm,
and 33 cm and 20 cm, respectively, P < 0.05).
Percentage of clover in the sward was also higher
for the long internode selection in this paired
comparison (11% and 5%, respectively, P < 0.05).

Effect of selection for proportion of nodes
branching
The selection for high proportion of nodes
branching produced larger leaved plants at the
lowland site (4.0 mg and 3.4 mg, respectively,
P < 0.05), and a lower percentage of clover in the
sward at the hill country site (4% and 8%,
respectively, P < 0.05) than the Tahora breeding line
selected for low proportion of nodes branching, in
shade. Selection for extremes of proportion of nodes
branching had no significant effect on any other
paired comparisons.


