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Abstract Pasture production responses from
applications of four rates each of potassium (K) (0,
112.5, 225, 450 kg ha"1) and phosphorus (P) (0,
60, 120, 240 kg ha"1) in a factorial design were
measured in a mowing trial with 60% of clippings
returned at a K- and P-responsive site (54.6 u,g K
ml"1 and 9 \ig Olsen P ml"1) at Woodlands in
Southland, New Zealand over 2 years. There were
large significant responses in total pasture dry
matter (DM) production to K and P. A bivariate
Mitscherlich-related equation accounted for 97%
of the variation in measured values of total DM
yield, 94-99% of the variation in ratios of K, P, and
nitrogen (N) concentrations in mixed herbage, and
99-100% of the variation in nutrient ratios in white
clover, summed or averaged over 2 years. The fitted
equations were used to identify combinations of
fertiliser P and K rates and ratios of K and P
concentrations in mixed herbage and clover that
resulted in balanced and adequate nutrition. Two
nutrient elements are in balance when the yield
response to one added on its own equals the
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response to the other added on its own, both in
relation to the maximum yield. Balanced nutrition
in total DM occurred at a K/P ratio of 5.1-7.4 for
mixed herbage and 4.2-7.9 for clover, and were
highest at higher rates of K and P. For balanced
nutrition at 95% relative yield, K/P ratios were 6.8
for clover and 6.7 for mixed herbage. Fertiliser K/
(K + P) ratios for balanced nutrition increased from
0.5 for fertiliser expenditure of $50 ha"1 to 0.7-0.8
for expenditure of $100-200 ha"1. Modelled yield
at the fertiliser K/(K + P) ratio for balanced nutrition
in mixed herbage and clover DM was similar to
maximum modelled yield. Mixed herbage and
clover K/P ratios derived from economically
optimal fertiliser K/P ratios were 6.2-6.6 and 5.6-
6.7, respectively. Using N concentration as an
internal standard, nutrient adequacy is defined as
the herbage yield with K and P in physiological
balance relative to the maximum yield with K and
P in physiological balance and expressed as RY
[KP]. At 95% RY [KP], adequate nutrition was
achieved at K/N of 0.77 for mixed herbage and 0.46
for clover. Overall, the results from the trial reported
here confirm that ratios of nutrient concentrations
are useful indicators of balanced and adequate K
and P nutrition for total pasture production. Mixed
herbage or clover nutrient concentrations and ratios
were both effective indicators of balanced and
adequate nutrition.
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INTRODUCTION

The application of phosphorus (P) and potassium
(K) is required to replace soil and animal losses
under grazing on many pastures in New Zealand.
Previously, P and K requirements have been
measured in trials where the production response
to one nutrient is measured with a non-limited



270 New Zealand Journal of Agricultural Research, 2001, Vol. 44

P (kg ha1/1) 8 *" *"
K (kg ha1

Fig. 1 Fitted surface for total DM yields for sum of 2
years.

supply of other nutrients (During et al. 1960;
McNaught & During 1970). This approach ignores
the possible interactive effect of one nutrient on the
yield response to another nutrient. This is important
when deciding on a form and rate of fertiliser from
a suite of products with a wide range of nutrient
ratios (e.g., superphosphate/elemental sulphur/
potassium chloride).

As for P and sulphur (S) (Sinclair et al. 1996a),
balanced nutrition for K and P is defined as
occurring when the possible yield response to
additional K added on its own equals the yield
response to additional P added on its own, both in
relation to the maximum yield. The same yield can
be obtained from combinations of high P and low
K or low P and high K, as shown by the response
surface in Fig. 1, but this will mean that one nutrient
is in surplus. The possible consequences of nutrient
imbalance are economic loss because of the greater
cost per kg of P than K, and greater incidence of
animal metabolic disorders during parturition and
early lactation from high pasture K concen-
trations.

Although soil testing can assess the amount of
plant-available nutrient in the soil, pasture analysis
is needed to measure nutrient uptake by the plant.
The use of pasture chemical analysis as a diagnostic
tool has been limited because interpretation of the
results for single nutrient concentrations is limited
by variability in critical concentrations (Roberts
1987). Critical nutrient concentrations also vary

markedly with species and age of the plant, tissue
analysed, and climatic conditions for growth
(McNaught 1958, 1970) and stage of plant growth
at sampling (Sinclair & Jones 1991). It has been
suggested that interpretation of P and S concen-
trations in pasture may be improved if nutrient ratios
are used to indicate balanced and adequate nutrition
(Sinclair et al. 1996a, 1996b, 1997; Morton et al.
1998a).

Critical P and K concentrations for white clover
in pastures in New Zealand have been determined
(McNaught 1970) by comparing analysis of herbage
from nutrient-deficient and nutrient-adequate
treatments within fertiliser experiments (e.g.,
McNaught & Chrisstoffels 1961; McNaught &
During 1970). From these, a critical N/P ratio has
been calculated, and K/P and K/N ratios can be
derived. N concentration can be used as an internal
standard in legumes that rely on N2 fixation for most
of their N supply and do not accumulate excess N.
Interactive experiments need to be carried out to
assess the effect of rates of one nutrient on yield
with other nutrients present across a range of
deficiency and adequacy. Calibration curves for P
and K in white clover, which are not currently
available, can then be developed. This approach has
been used to develop indices of adequate P and S
nutrition in clovers (Sinclair et al. 1997). Nutrient
adequacy was defined as the herbage yield with P
and K in physiological balance relative to the
maximum yield with P and K in physiological
balance.

From a factorial P x K field trial in northern
Spain, a K/P ratio of 5.4 in white clover was
considered to indicate balanced K and P nutrition
(Sinclair et al. 1994). Rodriguez & Besga (1989)
and Sinclair & Jones (1991) derived diagnosis and
recommendation integrated system (DRIS) norms
for K/P ratio in white clover of 6.75 and 7.72,
respectively. DRIS norms are supposed to represent
balanced nutrition, and are mean nutrient concen-
trations in a large number of high-yielding fields
of any given crop. The assumption is that nutrient
ratios must be ideal in fields that yield best.
However, the DRIS norm is likely to be dis-
proportionately high because the nutrient is
generally present in luxury but not depressive
amounts.

Since there is little research information on P x
K interactions on pasture growth, a mowing trial
was established at a P- and K-responsive site in
Southland. The aim of this research was (a) to
determine the ratio of rates of fertiliser P and K


