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Adaptation to low fertility hill country in New Zealand of white clover
lines selected for differences in response to phosphorus
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Abstract White clover breeding lines developed
as high and low P-responsive, in glasshouse
selection trials, were compared, over three years,
with 17 other breeding lines and cultivars for growth
in four soil-fertility treatments under two defoliation
treatments on a hill-country farm. Differences
between P-response groups were transitory and
biologically insignificant. Selection for differences
in response to P in a controlled environment was
not successful in identifying white clover germ-
plasm adapted to low P hill-country soils. White
clover breeding lines and cultivars that achieved
high growth over the 3-year duration of the trial
had New Zealand parentage and were all medium
to small leaf types.

Keywords cultivars; low phosphorus tolerance;
selection; Trifolium repens; white clover

INTRODUCTION

New Zealand soils are phosphorus (P)-deficient, and
phosphatic fertilisers are applied primarily to
stimulate white clover (Trifolium repens) growth.
Application of phosphatic fertilisers to pastures
incurs an ongoing cost to farmers, and, during
downturns in the economic viability of New
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Zealand agriculture, these inputs can decline
drastically. Selection for increased tolerance of low-
P soils and selection for increased efficiency of
utilisation of P on medium- to high-P soils, where
fertiliser is still applied, may result in white clover-
based pastures requiring lower inputs of P for
adequate growth. To identify differences in the
uptake and utilisation of phosphorus that may have
adaptive significance, selections were made in a
glasshouse pot trial for differences in P-response
(Mackay et al. 1990; Caradus et al. 1992). P-
response is the change in dry matter yield with
increasing level of P supply such that high P-
responses are associated with small increases in P
supply, the maximum yields being reached at lower
P levels than for germplasm with a low P-response.
Initially, the P-response of 119 cultivars of white
clover was determined over 11 levels of P in pots
of soil in a glasshouse (Mackay et al. 1990). Large
differences were observed among cultivars for the
change in response with increasing P, based on fitted
response curves. White clover genotypes were also
identified that exhibited extremes in P-response
similar to those observed among cultivars (Caradus
et al. 1992). A full diallel cross of six high- and
five low-responding genotypes was made and
progeny tested. Progeny from crosses between high
P-responding genotypes had a higher P-response
than progeny from crosses between low P-
responding genotypes. Additionally, high P-
response curve shape as a genotype characteristic
was dominant from a genetic viewpoint over low
P-response curve shape.

The aim of this study was to evaluate progeny
lines, selected for differences in their response to
added P, with existing New Zealand white clover
cultivars at low soil P levels and at moderately high
soil P levels. Previous work suggests that this alone
may have an impact on growth and survival of white
clover, particularly if they are medium to large leaf
types (Williams & Caradus 1978). Two levels of
defoliation intensity were imposed to determine
whether defoliation intensity might over-ride
differences in response to P.






