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Comparison of six phosphate rocks and single superphosphate as
phosphate fertilisers for clover-based pasture
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Abstract Six phosphate rocks (PRs), Sechura
(SPR), North Carolina (NCPR), Egypt (EPR), Arad
(APR), Zin (ZPR), and Nauru (NPR), were
compared with single superphosphate (SSP) as
annually applied P fertilisers for mown ryegrass/
white clover swards at two sites, in the central North
Island (Te Kuiti) and southern South Island
(Woodlands) of New Zealand over a period of three
years. NPR was finely ground before application
but the other PRs were applied as received and so
differed considerably in particle size distribution.
Measurements were made of annual dry matter
(DM) production and % P in harvested herbage,
and Olsen P in the soil at the end of each year.
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Overall, responses were in the order
SSP>SPR~NCPR>APR~EPR~ZPR~NPR. There
were important differences in responsiveness to PRs
at the two sites.

The agronomic performance of PRs was better
related to their extractability by formic acid than to
extractability by citric acid. Replacement of the
standard citric acid test used in New Zealand by
the formic acid test is recommended.
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INTRODUCTION

Unground phosphate rocks (PRs) from North
Carolina (NCPR), Sechura, Peru (SPR), Arad, Israel
(APR), and Egypt (EPR) have been used as direct
application P fertilisers on pastures in New Zealand
since the late 1980s. Most of the research carried
out in New Zealand has investigated the effect of
either SPR (e.g., Sinclair et al. 1990) or NCPR (e.g.,
Mackay 1990) on pasture yield responses compared
with soluble P fertilisers (triple and single
superphosphate (TSP, SSP)). Since there has been
no field research on the relative agronomic
effectiveness (RAE) of PRs at common sites, they
have tended to be treated as equivalent. In a
glasshouse trial, Raj an et al. (1992) assessed the
RAEs of NCPR, SPR, and APR plus other PRs and
reported significant differences. These workers also
found that extraction of the PRs with 2% formic
acid was a better indicator of RAE than the
commonly used 2% citric acid extraction. The
purpose of the experiments described in this
paper was to determine whether there were also
important differences in the field in agronomic
performance among PRs covering a wide range
of reactivity, and to examine the ability of
laboratory tests of PR reactivity to assess their
agronomic performance.
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MATERIALS AND METHODS

Sites and soils
The two experiments were located near Te Kuiti
(38°20'S) in the central North Island and at
Woodlands (46°22'S) near Invercargill in the South
Island. The climate of the Te Kuiti site is warm
temperate with annual rainfall of 1600 mm, whereas
the Woodlands site is cool temperate with annual
rainfall of 1050 mm. Both sites had been in
permanent pasture of ryegrass and white clover for
at least 20 years and had medium to low fertility
status. Soil classification and chemical properties
are given in Table 1.

Phosphate fertiliser materials
The chemical properties of the six PRs investigated,
and the SSP used as a reference material, are in
Table 2. With the exception of NPR, which was
finely ground, the PRs were applied as received in
New Zealand from commercial sources. This
follows usual practice in the use of PRs on pastures
in New Zealand. The distribution of particle sizes
of the PRs as applied is shown in Fig. 1.

Fig. 1 Particle size distribution of materials used.

Experimental design and procedure
The experiment employed three replicates in a split
plot design, with four P fertiliser rates as main plots
and the seven fertiliser forms as subplots. P fertiliser
application rates were 0.5, 0.75, 1, and 2 times M,
where M is the annual P application rate estimated
to maintain pasture production at 90 to 95% of the
maximum achieved when P is non-limiting

Table 1 Soil properties at the two sites.

Exchangeable cations measured at field pH Te Kuiti Woodlands

Soil name
NZ Soil Classification (Hewitt 1992)
US Taxonomy
pH (2:5 soil:water)
Olsen P (mg I"1)
Phosphate Retention
Cation exchange capacity (me. %)
Exchangeable Ca (me. %)
Exchangeable K (me. %)
Exchangeable Mg (me. %)
Exchangeable Na (me. %)
Total exchangeable base (me. %)

Te Kuiti silt loam
Typic orthic allophanic

Typic hapludand
5.7

O
O

96
14.43
7.80
1.12
1.37
0.27
10.56

Waikiwi silt loam
Typic firm brown
Typic dystrochrept

5.6
Q
o

41
11.73
6.65
0.57
1.36
0.44
9.02

Table 2 Chemical properties of fertiliser materials used. Numbers in
parenthesis are percentages of total P soluble in citric or formic acid.

Material

Sechura PR, Peru
North Carolina PR, USA
Egypt PR, Egypt
Arad PR, Israel
Zin PR, Israel
Nauru PR, Nauru

Single Superphosphate

Total P (%)

13.1
13.1
12.6
14.5
13.7
16.6

9.1

Citric sol. P (%)

5.4(41.2%)
4.0(30.5%)
3.7(29.4%)
4.2(29.0%)
3.0(21.9%)
3.9(23.5%)

8.9(97.8%)

Formic sol. P (%)

8.5(64.9%)
7.3(55.7%)
5.1(40.5%)
6.9(47.6%)
4.7(34.3%)
4.4(26.5%)


