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Fertiliser application:

Reactive phosphate rock: an effective fertiliser for NSW pastures?
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cactive phosphate rock (RPR) began to be mar-

keted in-southern Australia in 1990 as an alter-
native, cheaper P fertiliser for permanent pasture.
Guidelines for the use of this fertiliser were based
on New Zealand results which were limited 1o a
small number of high rainfall sites, It was suggested
that RPRs would be effective in pasiure environ-
menes where the annual rainfall exceeded B0 mm,
and the soil pH (water) was less than 6. However,
concern was expressed about the reliance on the
New Zealand resolts, given the large areas of quite
acidic soils and the presence of subterrancan clover
in many pastures in the high rainfall zone of Austra-
lia (=550 mm annual rainfall), There was therefore
an urgent need 1o identify those pasture environ-
ments in Australia where RPR would be effective,
given that RPRs were 25-30% cheaper per unit of
applied P than single superphosphate.

A large, natonal research project was estab-
lished in 1991 to undertake a systematic investiga-
tion of the agronomic effectivencss of a series of
phosphate rock products across a wide range of per-
manent pasture environments in temperate and
tropical Australia. Collaborating scientists from De-
partments of Agriculiure (or Primary Industries) in
every State, from La Trobe Umiversity and the Um-
yersities of New England and Western Australia, all
joined the project team. Funds were ebtained from
the Imernational Wool Secretariat, the Meat Re-
search Corporation, and the Dairy Research and De-
velopment Corporation, with analytical and finance-
ial support being provided by the feniliser industry.
There was a genuine consensus by all participants
of the need 1o determine where RPRs might be used
50 that potential cost savings might be possible, and
importantly, where RPRs should not be used 1o
avaid production lasses.

This paper reports on seme of the major lindings
from Mational RPR Project. A complete report on
the results from the project will be published in a
special issue of the Australian Journal of Experi-
mental Agriculture in the latter hall of 1997,

Methods

A large network of 30 field sites were set up, ex-
tending from the Atherton Tablelands in Norh

Queensland to the south west of Western Australia.
Two large experiments were established at each
site, where pasture dry matter responses to different
fertiliser tremtments applicd to small 2 £ 3 m plots
were measured on a regular basis during the grow-
ing season. The project continued for four growing
seasons o cnable sufficient time for the RPRs to be-
come effective, given the experience in New Zea-
land where a lag phase was reguired for RPR o
become equivalent to water suluble P fertiliser.

One experiment involved centrols (nil P) plus
sin levels of P, applicd as triple superphosphate, the
highly reactive North Carolina  phosphate  rock
(herealter desceribed as RPR), and RPR that had
been 50% acidulated with sulfuric acid (partially
acidulated phosphate rock), Additional treatments
included large, single applications af these three fer-
tilisers, applied in the first year only. The other ex-
periment involved controls plus three levels of F,
applied as five different phosphate rocks that varied
in reactivity, and single superphosphate. This ex-
periment set out o determine what the required
level of reactivity (degree of carbonate substitution
within the phosphate rock molecule) should be for
the different pasture environments, Additional plots
received RPR or water soluble P without basal sul-
fur ¢5) to determine the imporance of adding 5
with the P forms.

The effectivencss of RPR was determined by
calculating its substitution value, which is the ratio
of the total P required as superphosphate (single or
triple} to the P required from RPR to produce 50%
ol the maximum vield response from the superphos-
phate. The required P rates were determined from
curves that were fitted (o the yield résponse data for
the RPR and superphosphate fertilisers. The substi-
tution value was first determined for the annual dry
matter production (total of all harvests), and then on
an individual harvest basis. Pasture environments
suitable for RPR use were identified by relating the
substitution values to the average annual rainfall
over the four years of the project, and to a full range
of chemical and physical measurements, made on
the soil at cach site. Pasture nutrient analysis was
also undertaken for selected plots over time and the
botanical compaosition was also measured during
gach growing season.
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Results and discussion

Where are highly reaciivé PRs effective or inef-
fective?

Owverall, RPR was equivalent in effectiveness 1o
triple superphosphate by the 4th year at a third of
the sites in this project (nine ocut of 26 effective
sttes) with the substitution value in the 4th vear be-
ing equal to or greater than 0.9, At four of these
nine sites, RPR was effective in the first year, and in
gach following vear. RPR was only moderately ef-
fective at another third of sites with the year-+4 sub-
stitution value Iying between (L6 and 0.8, while
KPR was ineffective (year-4 substitution value less
than (1.53) at the eizght remaining sites.

The key features of the pasture environment
That influence RPR effectivencss were:

e gverage annual ranfall,

e soil pH.

e he Psorption capacity of the surface soil,

o the wature of the surface soil,

e (he botanical composition of the pasture, and

» the likelihood of P leaching occurring (espe-

cially with very sandy soils and high rainfall).

These propertics are presented in Table | for a
number of sites, thal are grouped on the basis of
RPR effectiveness.

Our conclusions are that RPR will become effec-
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tive and equivalent to riple or single superphos-
phite in the medivm term {around four years) if the
pasture soil is acidic (pH in CalCls less than 3.0}
and the soil surface remarns motst for extended pe-
riods 1o enable RPR dissolution 10 proceed. Annual
rainfall needs to be-above 700 mm in Southern Aus-
trahiag, and 800 mm in the New England Tablelands
where summer rainfall is tess effective: The leach-
ing of water soluble fertiliser P from the soil will
improve KPR performance in the shert term. This
can oceur either vertically (at T16 and W30 which
are deep acidic sands. Table 1) or laterally (by
drainage waters from surface-flooded soils); the
leaching reduces the effectiveness of the supetphos-
phate enabling RPR 10 become effective in the the
first year. On the other hand, there are two sell con-
ditions thar will reduce KPR effectiveness: a sandy
surface seil will enable the surface soil o dry out
relatively quickly in muoderate rainfall areas mid re-
strict RPR dissolution (sites N6, 524 and N4, while
a very high P sorption {“fixing™) capacity in the soil
pH reduce the availability of the dissolved P from
the RPR particles (sites T19 and V 11, Clover js
less able to take up sorbed P othan grasses and we
observed that RPR performance was limited for clo-
ver dominant pastures on high P sorbing soils (sites
W12 and 525).

The two sites w1 Yass and Brudwood n the
Southern Tablelands of NSW (N7 and N8 respec-
tvely) were suitable for RER use by the 4th year of
annual applications (Table 1) However the two siles
in the New England Tablelands (N6 and N4) re-
geived less rain over the four years of the project
and had higher sand contents in their soil surface
laver, RPRs were only moderately elfective al these

Tahle 1. Average annual rainfall, soil pH, the P sorption class, sand percentage in the surfuce soil, and pasure species
al selected sites which are grouped on the basis of RPR performance.

Site Average

Soil pH P suiption
rainfall CaCl, Class
(mnvyear)  {0-10.cm)
KPR effective from the st vear ernwards
Tle T8 4.1 very low
WA 8Os 44 very low
RPR effective by the 4l vear
V13 BO2 4.2 medium
N7 T 4.0 migdivm
NS 00 4.0 midium
RPR moderately effective by the 4l vear
NG 678 4.8 low
T17 448 4.6 medinm
524 725 4.3 very low
Viz 976 40 high
Ti9 122 47 very high
M4 (T2 4.6 lovw
REPR fneffective in the 4tk year
V1l 1143 4.5 vy high
525 T4 5.0 high
5322 S8 42 very low
Vi4 #75 43 medium
T20 581 4.4 fovw
521 485 4.7 very low

Sand in Pasture specics
strface soil
9
a7 Temperate grass, white clover
au Subclover
iy Temperate grass, white & subelover
i3 Subclover
S Subclover
74 Temperate grass, white & subclover
a7 Temperate grass, subclover
] Temperate grass, subclover
54 Subclover
15 Temperate grass. white ¢loves
Ta Temperate grass, white & subclover
5] Temperate grass. while clover
62 Sublover
94 Subclover
44 Tempemle grass, subclover
a0 Temperate grass, sub ¢lover

o4 Subclover
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sites by the 4th vear with substitution values of 0.8
and 0.3 respectively,

An expert system has been developed and will
be made available to industry to provide advice on
the suitability of particular pasture environments for
RPRs. This computer model makes use of o number
of variables and predicts whether annual -applica-
tions of RPR will be effective in the first year or by
the 4th year, or be marginally effective or ineffee-
tive by the 4th year. Information required from the
farmer includes annual rainfall, soil pH (0-10 cm),
the likelihood [or P leaching, soil surface lexture
and colour, pasture composition, location, and the
reactivity of the phosphate rock being used. The ex-
pert system crteria were used with Geographic In-
formation Systems mapping technology to construct
# map of permanent pasture environments in N5W
where EPR would be expected to become effective
by the 4th year of annual applications (Figure ).
There is a surprisingly large area of the high minfall
pastoral zone 1n NSW where pasture environments
are suitable for RPR use in the medium term. Phos-
phate recks that are less reactive would require
more rainfall for disselution; and therefore would be
muore restricted in their use.

Capital versus annual P applications

An important finding was that at the majority of
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sites there was no production penalty, over a four
year period, in applying large capital applications in
the lirst year of the project compared with the same
amount of total P applied as annual applications. In-
deed. for the Q3 site ar Mackay i central Queens-
land where the sm had a very Tow P status (Colwell
F of 3 uofe), large vear-|1 applications resulted in
significant production gains. However there were
impartant exceplions where capital applications are
not recommended. For example capital applications
of superphosphate or partially acidulated phosphate
rock (contiining water soluble P fertiliser) should
not be used on P-leaching sandy scils, RPR ferilis-
ers would be the recommended form of P lertiliser
For such environments, Also capital applications of
superphosphate should net be recommended on
very high P-sorbing soils: smaller annual applica-
tions are the more productive strategy for these
50115,

LUse of RPR and winter feed production

A problem with RPR use is that seasonal ‘lags’
in pasture production occcurred in the early part of
the growing season (during the avtumo/winier pe-
riod for pastures in southern Australia, and for the
early growth of legume pastures on low P osoils in
the tropics), These seasonal declines in RPR per-
lormance were frequently observed at many south-
ern sites, This was also the case for a number of the
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Figure 1. A map of NSW showing land where the rainfall and soil properties are likely to resull in RPR being an effec-
tive P fertiliser for permanent pastures in the medium term {aller 3-5 years),
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sites where the annual substitution value in the 4th
year with annual applications was equal (o or
greater than 0.9, and where RPR was deemed to he
an effective fertiliser for that site. It would appear
that the slower rate of release of P from the dissolv-
ing RPR particles was less able to meet the high de-
mand for fertiliser P in the cool months at the
beginning of the growing season. than the super-
phosphate fertilisers. However, the use of the par-
tially acidulated phosphate rock or the use of RPR
as large single (“capital") applications in the first
year minimised this seasonal feed problem.

The need for sulfur

Sulfur deficiency, resulting in a significant re-
duction in annual pasture production on minus §
plots, occurred at two thirds of sites during the
course of the four year project, These results indi-
cate that § deficiency is an impontant issue with
RPR use, given that improved pastures with a his-
tory of superphosphate applications were selected
for the sites, as RPRs contain minimal amounts of
8. It is likely that S deficiency will be a problem in
the short to medium term for many of the improved
pasture soils in the high rainfall zone, if P fenilisers
that do not contain 8 are used repeatedly.

The effect of soil P status

The usé of annual applications of RPR fertiliser
on pasture soils that are low in available P, and
therefore very responsive to P, 15 not recommended.
The delay in the build-up of plant-available P from
dissolving RPR in these soils means that there will
be significant production penaltics associated with
RPR use, even if equivalent pasture yields (o those
produced by superphosphate) are obtained in the
mediom term of (say) four years plus. Gur lindings
indicate that it would be better Lo build up the soil P
status with water soluble P fertiliser or a partially
acidulated phosphate rock, before using RFR on
such soil.

The effect of RPR on soil pH

There was  considerable  between-year  and
within-site variation in soil pH al our experimental
sites. There were only a few sites where an increase
in soil pH could be atributed to the use of RPR,
which consumes soil acidity as it dissolves. RPRsg
can therefore not be considered to be an alternative
to lime or dolomite applications in alleviating acid
soil conditions,

Conclusions

There are large areas of the high rainfall pastoral
zone in NSW where RPRs will become equivalent
in agronomic elffectiveness 1o single or triple super-
phosphate, after a lag period of around 3-5 vears.
The attractivencss of RPR for pastoral farmers in
these regions will depend on the extent of any cost
savings over superphosphate fertilisers. However,
there are also some shortcomings associated with
RPR use. These include the need to add 8 with RPR
{which will reduce the extent of any cost savings).
the likelihood of reduced pasture responses (o RPR
during the winter months, and pasture production
penalties with low P soils during the lag phase fol-
lowing a switch 1o RPR fertiliser.
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