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Abstract Phosphorus (P), sulphur (S), and
nitrogen (N) concentrations were measured on
white clover herbage from a fertiliser field trial on
a mown white clover/ryegrass sward involving 5
rates of P by 5 rates of S in a factorial design.
Samples were analysed from two harvests in Year 1
and three harvests in Year 2 of the trial. P fertiliser
markedly increased % P and slightly reduced % S
in white clover, whereas S fertiliser had corres-
ponding effects on the percentages of S and P in
white clover. % N in white clover was increased
by P fertiliser in Year 1 and by S fertiliser in both
years, with S fertiliser having much the larger
effect. By relating herbage chemical composition
to white clover DM yield response patterns, S/P
ratio in white clover herbage corresponding to
balanced nutrition was calculated to be 0.63 in
Year 1 and 0.72 (at high fertiliser rates) in Year 2.
When calculations were based on white clover N
uptake instead of white clover DM, S/P ratio for
balanced nutrition was 0.04—0.06 higher, whereas
calculations based on total DM gave a lower balance
ratio than those using white clover DM. Because S
fertiliser costs much less per kg of nutrient than P
fertiliser, white clover S/P ratios arising from
economically optimal fertiliser S:P ratios were
higher than those for balanced nutrition. It was
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calculated that white clover S/P ratios could range
by 0.05 on either side of the economic optimum
without significant economic effects and it was
concluded that for a well-balanced fertiliser policy
white clover S/P ratios should be within the range
0.70-0.80. During the year following fertiliser
application, initially high S/P ratios in white clover
herbage declined but low ratios remained relatively
unchanged.
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INTRODUCTION

Without the application of phosphorus (P) and
sulphur (S) fertilisers to pastures in New Zealand,
deficiencies in P and S can rapidly develop. The
severity of these deficiencies can vary independ-
ently of each other, as can the quantities of P and S
fertilisers required to correct them. Fertiliser
practices which result in good nutritional balance
between P and S in the pasture are likely to make
the most efficient and profitable use of nutrients
applied. Fertiliser recommendation schemes for
individual nutrients, based on nutrient cycles and
soil tests, have been developed for pastures in New
Zealand (Cornforth & Sinclair 1984; Metherell et
al. 1995). However, there are currently no generally
accepted criteria by which to judge whether good
nutritional balance between P and S in pastures has
resulted from these or other fertiliser recom-
mendations.

Sinclair et al. (1985) suggested that the ratio of
S to P in pasture herbage might be a suitable
parameter for assessing the appropriateness of S:P
ratios in previous fertiliser applications and
identified a need for research to define ideal herbage
S/P ratios. The procedure most widely promoted
for assessing nutritional balance in a crop is the
Diagnosis and Recommendation Integrated System
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(DRIS). DRIS uses the nutrient concentrations in
plant tissue to calculate indices for the individual
nutrients; these indices are considered to rank the
nutrients in order of adequacy (Beaufils 1973;
Walworth & Sumner 1987). DRIS indices are
derived by comparing ratios of nutrients in the test
sample with ratios of nutrient "norms". These DRIS
norms are mean nutrient concentrations in high-
yielding fields of any given crop, drawn from a
large population of fields. The assumption is that
nutrient ratios must be ideal in fields which yield
best. However, if a nutrient is generally present in
luxury but not depressive concentrations in the
population from which a DRIS norm is calculated,
the norm for that nutrient will be disproportionately
high. Consequently in samples in which that
nutrient is in balance with other nutrients it will be
judged to be in relative deficit. Thus DRIS depends
on an assumption of doubtful validity, and has no
basis in experiments which actually identify
balanced nutrition. DRIS also depends on the
existence of a large body of herbage analysis data
from fields in which crop yields have been
measured.

The purpose of this study was to examine and
calibrate the use of herbage nutrient content as a
criterion of nutrient balance from an experiment in
which balanced nutrition has been defined and
identified from plant yield measurements. The
experiment is described in Part 1 (Sinclair et al.
1996) of this series of papers. It consisted of a
multi-rate P x S factorial field fertiliser trial on a
mown white clover/ryegrass sward in which
patterns of herbage dry matter (DM) production
were analysed and interpreted in terms of balanced
nutrition. Balanced nutrition was defined as
occurring wherever the maximum possible response
to P applied alone was equal to the maximum
possible response to S applied alone. Combinations
of P and S providing balanced nutrition were
identified by modelling the yield response surfaces
obtained in the factorial experiment. In this paper
we examine the patterns of nutrient concentrations
and nutrient ratios in white clover produced in this
experiment and seek to relate these to nutrient
balance as identified by DM production patterns.

MATERIALS AND METHODS

The site, treatments, design, management, and
measurements of the field trial have been fully
described in Part 1 (Sinclair et al. 1996). In brief,

the experiment was a full factorial of 5 rates of P
by 5 rates of S on a newly sown white clover-
ryegrass sward. White clover, ryegrass, and total
DM production were measured in repeated harvests
over 2 years from the first fertiliser application,
fertilisers being re-applied after 1 year. There were
5 harvests in Year 1, and 6 in Year 2. Herbage
from Harvests 2 and 3 in Year 1 and Harvests 2, 4,
and 6 in Year 2 were chemically analysed.

Herbage samples collected for white clover and
ryegrass analysis, consisting of whole harvested
plant tops, were dried overnight at 60°C and ground
to pass through a 2 mm sieve. N and P were
determined in a Kjeldahl digest prepared from 0.1 g
of sample using the indophenol blue and
molybdenum blue methods respectively (Basson
1976). For the determination of S, 0.5 g of plant
material was digested with nitric-perchloric acid
mixture and analysed by a turbidimetric barium
sulphate continuous flow procedure (Garrido 1964;
Mottershead 1971).

During the period in which these analyses were
conducted the laboratory analysed 78 plant material
samples provided by the inter-laboratory plant
sample exchange (IPE) scheme operated by
Wageningen University (Houba 1992). Relative to
the median values from all the participating
laboratories, N, P, and S analyses by our laboratory
differed by -0.04% (SEM = 0.01), + 0.013% (SEM
= 0.001), and + 0.011 % (SEM = 0.001) respectively,
all results being expressed as percentages of sample
DM. These data are provided to assist comparison
of results in this paper with those from other
laboratories which also participate in the IPE
scheme.

Data were initially analysed by analysis of
variance with S and P levels and their interaction
as treatment factors and the replicates as a blocking
factor. Subsequent analyses involved fitting a
bivariate response surface, as detailed in the Results
section.

RESULTS

Nutrient concentrations
The large amount of chemical analysis data derived
from the 5 harvests which were analysed has been
condensed to mean concentrations of the 2 harvests
analysed in Year 1 and of the 3 harvests analysed
in Year 2 (Tables 1 and 2).

Percentages of P and S in white clover were
significantly (P < 0.001) increased by P and S


