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Pasture yield responses to sulphur fertilisers in relation to nutrient
ratios in white clover
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Abstract The agronomic performance of triple
superphosphate (TSP), superphosphate (SSP),
15%(15SS), 22%(22SS), 33%(33SS), 36%(36SS),
and 50%(50SS) S superphosphate, TSP/S, di-
ammonium phosphate (DAP)/S, RPR (North
Carolina phosphate rock/S), plus no S or P was
measured over three years on a ryegrass/white
clover sward near Dipton (mean annual rainfall
1020 mm) in Central Southland, New Zealand.
These fertilisers were applied in November 1994,
and in September 1996, SSP, TSP, TSP/S, DAP/S,
and RPR/S were re-applied. There was a large
pasture yield response to all treatments compared
with no S or P, but no significant difference in
pasture yield between SSP, 33SS, 36SS, 50SS, and
DAP/S. Superphosphate was higher yielding than
TSP, 15SS, 22SS, TSP/S, and RPR/S. The rate of
S° applied initially was strongly related (r2 = 0.97)
to total pasture yield. There were no significant
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differences in the proportion of S° oxidised 30
months after application between treatments. In the
first two years, clover S/P ratios were above the
optimum range for balanced nutrition (0.7-0.8) for
all fertilisers except 15SS, TSP, TSP/S, DAP/S, and
RPR/S. Triple superphosphate, 15SS, and 22SS had
clover S/P below the optimum range in the third
year. Clover 100 S/N ratios for 33SS, 36SS, and
50SS were in the optimum range (4.8-5.0 for 95-
98% RY) for most of the trial and increased into
that range for SSP, TSP/S, DAP/S, and RPR/S by
the end of the third year. Most other treatments had
clover S/N ratios below the optimum range. In this
Southland environment there was no pasture yield
response from applying extra S° over and above an
average of 22 kg sulphate S ha"1 y r 1 (SSP). A lower
average rate of 5 kg sulphate S ha"1 y r 1 plus 15 kg
S° ha"1 y r 1 (TSP/S, RPR/S), resulted in a reduction
in pasture yield compared with SSP. To achieve
similar pasture yield to SSP over three years, an
initial application of at least 33 kg sulphate S ha"1

and 77 kg S° ha"1 (33SS) was required.
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INTRODUCTION

Most New Zealand sedimentary soils lack adequate
sulphur (S) for legume and pasture growth
requirements. In many situations, sufficient S is
supplied from annual applications of super-
phosphate (SSP) that contains 12% total S in the
sulphate form. However, dry inland soils of Otago
and Canterbury require more S in relation to P than
that supplied from SSP. On sedimentary soils with
low anion storage capacity that receive high rainfall
(>2000 mm), the sulphate S from SSP can be
leached during the growth season (Williams &
Morton 1985). During the last ten years, there has
been greater use of alternative fertiliser products to
SSP (e.g., di-ammonium phosphate, DAP, reactive
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phosphate rock, RPR, triple superphosphate—TSP)
that contain no S (Statistics New Zealand 1994-
1995). All these circumstances necessitated the
development of an alternative form of S fertiliser,
in addition to sulphate S from SSP.

The rate of oxidation of elemental S (S°) to
plant-available sulphate S increases with decreasing
S° particle size and higher temperature and rainfall
(Boswell & Friesen 1993). In the late 1970s, the
New Zealand fertiliser industry produced "agri-
cultural S°" either for direct application, or for
blending with SSP ("dry mix" S superphosphate)
by screening out a fine fraction from S° imported
for sulphuric acid manufacture (Sinclair 1982).
"Agricultural S" typically contained only about
20% of material less than the 150 (Am size required
for plant uptake for cool temperate regions in the
two year period after application (Sinclair 1982).
Therefore, to supply a more effective S fertiliser,
"wet-mix" S superphosphate was produced by
spraying 28-30% molten S° into the acid/rock
reaction magma during SSP manufacture so that
80% of the S° was in particles finer than 150 [im.
Field trials on dry inland Otago soils showed that
the pasture yield from "wet-mix" S superphosphate
was similar to superphosphate and greatly superior
to "dry-mix" S superphosphate (Mclntosh et al.
1985).

On the dry extreme of soils in the South Island
high country, it was found that a higher proportion
than 30% S° was required. The extensive farming
systems required low rates of S (<10 kg ha"1 yr"1)
which, with the very low requirement for P, meant
that infrequent applications (3-5 years) were
necessary. For these areas, "wet mix" 50% S
superphosphate (5 OSS) was manufactured. The
greater proportion of S° in 50SS resulted in a lower
proportion of particles with less than 150 .̂m
diameter (about 30%) compared with 27% S
superphosphate (about 47%) (Boswell & Friesen
1993). In the 1990s, 50SS has been back-blended
with SSP by some manufacturers to produce a range
of S-enriched superphosphates, all with a lower
proportion of S° particles (22%) available to be
oxidised within a year of application (<150 (J.m
particle size) compared with "wet-mix" 27% S
superphosphate (65%) (Boswell & Friesen 1993).
Blends of 50SS with DAP, TSP, and RPR have also
been produced.

From recent research at an adjacent site, nutrient
ratios in clover for balanced (e.g., S/P) and adequate
(e.g., S/N) nutrition have been determined (Sinclair
et al. 1996a, 1996b, 1997). The use of different S

fertilisers could result in different clover S/P and
S/N ratios. In addition, there are no reported
research results on the agronomic effectiveness of
fertiliser products based on 50SS. A trial was
therefore established on a S-responsive site in
Southland to investigate the agronomic effective-
ness of S fertilisers and to determine the ability of
clover nutrient ratios to indicate this. This paper
reports on results from this trial over three years.

MATERIALS AND METHODS

Site
The experiment was conducted near Dipton, Central
Southland (45°54'S, 168°21'15"E) on a Mataura
shallow fine sandy loam soil, which is classified as
a Typic orthic recent soil (Hewitt 1992) derived
from greywacke and schist. Mean annual rainfall
(measured 10 km from the site) during the trial
period was 1020 mm. There were only four months
(April 1995 and February, July, and September
1996) when monthly rainfall was below 50 mm.
Since these were not consecutive, soil moisture
levels were generally more than adequate for
pasture growth. The site had not received fertiliser
during the seven years preceding the experiment.
Soil pH (in water) was 5.8, bicarbonate-extractable
P (Olsen test) 6 (ig ml"1, phosphate-extractable
sulphate sulphur 7 |4.g g"1, and phosphate-extract-
able organic sulphur 8 |J.g g"1, all at 0-75 mm. In
October 1994, the area was sprayed with Roundup®
(Glyphosate) at 3 litres ha"1 and Buster® (Glu-
fosinate-ammonium) at 7.5 litres ha"1 to kill the
existing low fertility pasture. Six days later, it was
direct drilled with ryegrass (Lolium perenne
'Grasslands Nui') at 23 kg ha"1 and white clover
{Trifolium repens 'Grasslands Huia') at 4 kg ha"1.

Design and treatments
The experiment consisted of three replicates of a
control (no P or S) and ten fertiliser treatments
(Table 1) in a randomised block design, with a plot
size of 2 m x2 m. The experimental area was fenced
to exclude stock and trimmed to 30 mm pasture
height before fertiliser application. The fertiliser
treatments were 50SS and eight commercial
products blended with 50SS, triple superphosphate
(TSP), and single superphosphate (SSP). Chemical
analysis of the fertilisers is given in Table 1, and
the particle size of their S° content using a wet sieve
method in Table 2. Particle size of the North
Carolina phosphate rock in RPR/S was 99%


