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MANAGEMENT TO MAINTAIN SOIL PRODUCTIVITY:
FERTILISER REQUIREMENTS OF GRAZED PASTURES

M.E. Duncan

NSW Apriculture, Armidale, NSW, 2350

IEMMARY: This paper deals with the critical factors zoverning the efficient use of feruliser ap-
plied to pastures for ammal consumption, Pastures in this context include native species with an
introduced legume as well as fully improved pastures containing perenmial grasses and legumes.
The plant nutrients phosphorus and sulphur cocupy most of the discussion, reflecting the very
widespread and severe deficiency of both elements in most pasture growing areas, The critical fac-
tors under review include the identification of deficiencies, fertiliser application rate, choice of
suitable product and uming of application. The importance of paying attention to these factors is
discussed in terms of pasture productivity, sustainability and animal performance.

Livestﬂck production throughout the higher rain-
fall arcas of Australia is almost totally depend-
ent on home-grown forage - chiefly from pastures.
The gross value of production in NSW directly re-
lated 1o pasture supporied livestock enterprises was
estimated in 1992 (Archer ef al. 1992) to be about
$3.3 billion or 36% of all the State’s agrcultural
production.  Pasture improvement to enhance live-
stock production has generally occurred in the
higher rainfall areas of NSW, mostly since the end
of World War Two, boosted by the wool price
boom of the early 1950's. Tmproved pasture now
accounts for about 30% of the total pasture area of
NSW, or 50% excluding the western division,
which 15 still largely rangeland. MNative pastures (in-
cluding rangelands) comprise about 70% or 13m
hectares of the 19.3m hectares of agricultural land
in the State,

On a regional basis, native pastures comprise
about 40% of slopes and tableland areas and B3% of
the western division. A higher proportion (50%) of
the Marthern Tablelands remains as natural pasture
compared with 34% of Central and Southern Table-
lands, This is at least partly attributable 10 the pro-
ductivity of native pastures of the Northern
Tablelands (Lodge & Whalley 1989} and grazing
management systems designed to increase the abun-
dance of cool season perennial native grasses at the
partial expense of summer growing grasses.

In Seuthern slopes areas of NSW, pasture im-
provement has been mainly associated with the ‘sub
and super’ approach. In the tablelands areas, peren-
nial grasses were introduced as fertility levels from
lepumes and fertilisers increased or in many cases

this took place concurrent with introductions of clo-
vers, despite very, low inherent soil fertiliy levels.
In coastal areas, dairving and beel cattle production
are the major livestock enterprises, also heavily sup-
ported by pasture improvement technology, On the
South Coast substantial dressings of fertiliser with
perennial rye grass have been regularly used while
on the North Coast sub tropical species, as well as
perennial rve grass form the basis of improved pas-
ture with fertiliser again the key to achieving high
ammal production levels,

While improved pastures and fertilisers are fre-
quently associated with tablelands and more fertile
areas of the coast, in recent years fertiliser has pro-
duced large increases in planmt and animal produc-
tion from slopes locations. Crocker (1992) recorded
significant responses to phosphorus and sulphur on
native and introduced species on the North West
slopes of NSW. Freebairn er al. (1994) reparted on
a series of trials conducted over a wide range of lo-
cations in the North Western slopes, Upper Hunter
and the northern half of the Central West slopes and
plains. 95% of the 76 sites in the series responded
to either phospharus or sulphur or a combination of
both nutrients.

The inclusion of a legume into native pastures is
recommended (o improve production at most table-
land and slopes locations and is recognised as the
key, along with appropriate fertiliser to improved
plant and animal production. Intensive dairy pas-
tures with heavy nitrogen dressings rely less heavily
on the legume component, but animal production
nevertheless is enhanced by the presence of an ap-
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propriate legume to improve dry matter digestibility
and increase both dry matter and protein intake,

The application of fertiliser to pasture has tradi-
tionally been directed towards introduced legumes
and to a lesser extent perennial grass. Significant
increases in pasture and animal production have
been reported from a wide range of sites throughouwt
the higher rainfall areas of Eastern Australia since
pasture improvemen! ook off in the late 1940's.
More recently Sale (1994) re-affirmed the need for
adeguate levels of plant available phosphomus o
support high levels of animal production, where in-
troduced species formed the bulk of the sward,

By contrast the role and value of native pastures
in tablelands and slopes areas should not be ne-
glected (Robinson 1986). Significant pasture and
animal production responses from native pastures
have been reported by Lodge and Roberls (1979),
Lodge (1979), Raobinson (1976), Lodge and Whal-
ley (1989) in Northern NSW and more recently by
various workers in Central and Southern NSW
(Garden et al. 1993). With the benefit of this re-
search, and confirmation by commercial practice
the role of native pastures has assumed greater sig-
nificance in recent years. Significantly, the large in-
creases in fertiliser prices since the mid-1970"s and
widely fluctuating livestock returns, notably sheep
and beef cattle products, have caused much re-
thinking as to the long term economics of fully im-
proved pastures, based entirely on introduoced
species. For these reasons, the content of this paper
will be expanded to make reference to native spe-
cies in addition to the more fertility demanding ex-
otic (introduced) pasture species.

Critical aspects of pasture fertilisation

Previously quoted research solidly backed up hy
producer expenience since the very early days of
pasture improvement highlight the widespread and
severe deficiencies of phosphorus and sulphur over
vast areas of the higher rainfall country of NSW. In
additicn, many coastal areas lack potassium as well
as those inland areas subject to repeated product re-
moval (hay, grain, etc.). Trace element deficiencies
are also important, notably molybdenum in the
more acid soils as well as boron, and occasionally
copper and zinc on neutral to alkaline soils. Many
tableland, slopes and coastal sails respond to lime
where a combination of low pH and cation imbal-
ance provides a very hostile environment for many
commonly introduced pasture plants. The follow-
ing discussion will concentrate on the two major de-
ficiencies of phosphorus and sulphur, but local
knowledge, soil analysis and research should all be

employed to identify other nutrient deficiencies and
guide remedial action.

The aspects of fertiliser use considered to be of
most importance for effective plant response are
likely to be;

o Identification of deficiencies
* Rate of application

» Suitable product choice

o Timing of application

These cntical factors relate 0 an improved or
semi-improved pasture responsive to added nutri-
ents.  Purely native pastures, with low capacity 1o
respond should at least have a legume present to in-
crease responsiveness and thus the economic basis
for fertiliser use.

Identification of deficiencies

Apart from sound local knowledge, which is
generally an excellent guide, other means of deter-
mining nutrient deficiencies include soil tests and
strip trials. In some cases, tissue analysis may be
useful.

Soil tests do not provide all the answers, rather
they provide puidelines as to whether a deficiency
exists but should not be used to determine rates of
fertiliser. Several tests are available for phosphorus.
The two most commonly vsed in NSW are the Bray
No. | and the Colwell tests, The Bray test is pre-
ferred on acidic tableland soils (Holford & Crocker
1988), however local experience and knowledge of
soil type also allow the Celwell test to be a useful
guide on acidic sovils where the critical level for
phasphorus response 15 known to fluctuate with
phosphate sorptivity.

Until recently, soil testing for sulphur has been
most unreliable when extractants that remove only
sulphate from the soil were used. A significant
breakthrough occurred in 1992 with the introduction
of the KC1 40 test that accounts for the more read-
ily available component of organic sulphur as well
as the sulphate component (Blair er al. 1991). This
test, now gaining wide acceptance with its availabil-
ity through several commercial laboratories in NSW
has provided agronomists with more precision in
making fertiliser recommendations. Tt coincides
with an increasing number of high analysis fertiliser
products appearing which contain varying amounts
of elemental sulphur. The new sulphur test has al-
ready improved efficiency in pasture topdressing
practice.
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Soil testing for frace elements is essentially of no
value for determining fertiliser requirements, but is
an important tool in identifying and correcting acid
soil problems. Soil acidity and the use of lime has
been thoroughly researched by many workers in-
cluding the early work of Spencer and Roe (1962}
and more recently comprehensively summarised by
Cregan ef al, (1989). Before any feriliser program
commences, the pH status and cation levels of an
area should be investigated, otherwise responses to
fertiliser additions may be very severely restricted.

Local trials can be very useful to assess a re-
sponse to nutrients thought to be deficient. They do
not need to be of sophisticated research design, but
for best results should be carefully conducted on
representative sites, with responsive species (prefer-
ably a legume) present and with several rates of
each nutrient used to assess degrees of response.
Grazing animals must be excluded from the irial
area for at least six months, or up to twelve in the
case of lime trials.

Tissue analysis is not widely conducted on
plants from grazed pastures and still requires con-
siderable research to provide for an accurate inter-
pretation of results. It is an expensive procedure
and would only be contemplated in unusual circum-
stances or under tghtly controlled research condi-
tions.

Rate of fertiliser application

All too often, producers and probably many
agronomists think in terms of how much fertiliser
has been applied to a pasture, without taking into
account the equally important aspect of product re-
moval. Tables 1 and 2 serve as a guide to product
removal and other losses of nutrients under various
agricultural activities,

It can be easily seen from these data that the tra-
ditional rate of 125 kg/ha of single superphosphate
suppling 10.7 kg P and 14.3 kg S, even applied an-
nually will not significantly increase phosphate lev-
els on many pasture soils with a stocking rate of
B-10 DSE/a, This is assuming that there is a sig-
nificant removal of animal product as opposed to
the minimal product removal that may occur with a
wool growing enterprise. A wether flock removes
relatively little phosphorus and solfur as long term

Table 1. Loss of phosphate from a grazed perennial pasture
on a medium texmred soil (Duncan 1992).

Stocking rate P removal
DSEMa kg Pha
5 6
7 8
10 12

Table 2. Loss of nutrients according to different agricaltural
practices (M. Duncan pers. canm. ).

Product Typical nutrient removal (ki)
P 5§ K
Legume hay (1 tonne) 235 20 100
| Waal (3% 0.02 nz2 trace
Meat (50 kg) 4 0.4 0.3
ik TOKRN L) 1.0 6 1.5

studies of soil fertility run-down at the C.5.LR.O.
Research Laboratory 'Chiswick’ near Armidale
have shown (K. Hutchinson pers. com) These re-
sults were derived from a site with a substantial fer-
tiliser history (3.75 t/ha of single superphosphate)
where animal production did not decline for ten
years after fertiliser applications ceased. However
from the 1lth year animal production declined
sharply. By contrast, under a more demanding ani-
mal enterprise (breeding, finishing, efc.), al least
250 kg/ha of single super should be applied annu-
ally to the more responsive paddocks at the expense
of those carrying mainly inferior native prasses and
no legume. The more valuable and highly produc-
tive native grasses, notably Microlaena and Dan-
thonia are certainly responsive to fertiliser but are
less demanding than the introduced perennial
grasses and are thus more resilient and forgiving of
intermittent  fertiliser applications (Wyndham &
Wyndham 1992).

Increased rates of fertiliser have recently been
promoted by researchers at the Pastoral and Veter-
nary Institute at Hamilton, Victoria (Sale 1993).
The effects of combining high rates of phosphorus
and high stocking rates on animal production from
pastures containing responsive pasture species are
reported to be spectacular. Dairy farmers have long
been well aware of the benefits of heavy applica-
tions of phosphate on milk yield and some western
Victorian producers are observing similar improve-
ments in wool and beef production. Whether such a
response will cccur in non-Mediterranean climate
areas of northern N3W is not clear. Several trial
sites to measure pasture and animal responses to
high phosphate applications have now commenced
in the Walcha district of the Northern Tablelands,
Drought conditions in 1994 prevent any preliminary
conclusions to be made,

Another important factor determining the most
efficient rate of fertiliser is the nature of the live-
stock enterprise.  Clearly a self replacing merino
flock will be less demanding than a prime lamb en-
terprise, reflecting the need to have fertile, highly
productive pastures for the lamb enterprise. Table 2
illustrates this aspect of nutrient removal and ex-
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plains in part the drift by tableland producers from
highly demanding, fertiliser dependent livesiock en-
terprises to those that function adeguately at a re-
duced level of soil fertility and pasture production,

Choice of product

Having determined the nawre of deficiencies
and where possible the magnitude, the next decision
concerns the most appropriate product.

Phosphorus is deficient in the majority of soils
in NSW. In terms of phosphorus, the choice essen-
tially will be between water soluble and the citrate
insoluble form, Single superphosphate, triple super-
phosphate and the high analysis products all contain
the majority of their phosphorus in the water soluble
form. This means phosphorus is immediately avail-
able to the growing plant, provided other factors are
available (light, temperature, erc). Water soluble
phosphorus is generally considered to be the mast
effective means of supplying phosphorus to pastures
in otherwise deficient soils.

Recently, reactive phosphate rock (RPR) has
been researched for use in Australia, despite the
phosphorus being non-water soluble, fe. in the cit-
rate insoluble form. It is important to differentiate
between phosphate rock used to manufacture super-
phosphate and RPR's. The former is not suitable
for direct application 10 pastures because the phos-
phorus is insoluble and release too slow to benefit
the growing plant. RPR’s contain more carbonate,
are ‘softer’ and are able to release phosphate slowly
to plants making use of soil acidity and moisture.
Research at 27 sites currently underway in Eastern
Australia is providing valuable information as to the
effectiveness of RPR's (Sale 1994).

Preliminary results indicate a similar behaviour
of RPR’s in Australia as previously conducted New
Zealand research (Edmeades et al. 19913, that is, a
period of 3-5 years is needed to fully exploit the
phosphate from a good gquality RPR and depending
on the soil phosphate status, this would result in a
penalty of reduced pasture growth. The only means
of reducing this penalty would be to significantly
increase the rate of application. At the current cost
of RPR's, this would not be considered by many
praducers (o be a viable course of action. A further
deficiency of RPR's concerns the absence of sul-
phur and the subsequent cost of adding this nutrient.
At this stage, RPR's appear to have a limited role;
in arcas where phosphorus status is close to the
eritical level, in high rainfall areas and where soil
pH 15 below 5.0 (CaClz). Depending on circum-
stances and cost, RPR's may find a larger market
when combined with a water soluble source of

phosphorus, provided they are cost competitive and
sulphur is added,

Mew phosphate products have entered the mar-
ket in recent years, all substitutes for the traditional
single superphosphate (Crocker & Duncan 1993,
They offer advantages in physical handling and
spreading and are about 8% cheaper than single su-
perphosphate. They are based on triple superphos-
phate, containing water soluble phosphate with
added sulphur. The sulphur is between 80% and
953% elemental in form. These products may not be
preferred over single superphosphate on soils with
little organic sulphur accumulation where the quick-
est response is sought. Otherwise their performance
has generally been found to be at least comparahle
to single superphosphate or superior on some lighter
textured soils where sulphate sulphur readily
leaches.

Sulphur is the other major deficiency of pasture
soils in NSW (Duncan, Crocker) and is taken up by
plants as sulphate (the gypsum form). The elemen-
tal form, as found in the high analysis phosphate
fertilisers, needs to be converted by soil inhabiting
bacteria to the sulphate form for plant uptake. This
conversion (oxidation) takes place quickly in warm
moist soils provided sulphur particles are small (less
than .25mm), While sulphate sulphur is immedi-
ately available to an actively growing plant, large
quantities will leach after rainfall, especially in the
lighter soil types. Under these circumstances, ele-
mental sulphur, provided it is sufficiently finely
ground, will provide a more continuous supply of
sulphur and may be a more efficient means of main-
taining the sulphur status once the inital sulphur de-
ficiency is corrected.

Rates of sulphur to overcome deficiencies range
from an initial application of 15-20 ke/ha, to an an-
nual application of between 3 and 10 kgfha for
maintenance. The KCI-40 sulphur test will enable
more accurate diagnosis of deficiencies and more
cost effective use of fertiliser to the extent of using
triple superphosphate at considerable saving where
sulphur is found to be excess to plant requirements.
Recent research conducted at the University of New
England (G. Blair pers. com) has shown that the im-
portant trace element molybdenum will not be read-
ily taken up by plants where large amounts of
sulphate sulphur are available. This emphasises the
need to accurately determine sulphur requirements
before choosing the most appropriate product in
molybdenum deficient areas. Table 3 provides de-
tails of a representative range of products to correct
phosphorus and sulphur deficiencies.
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Table 3. A range of more commonly used fertiliser products
for phosphornes and sulphur deficient areas.

& P %S

Product
Total Avalable Elemental Gypsum |

Trple Superphosphate 207 200 1.5
Single Superphosphate 8.8 8.6 115
Pasturc P 173 168 12 23
Pasture Plus 173 147 12:2 i
Goldphos 10 186 180 10.0

Goldphos 20 16.6 160 20.0

SF 45 5.3 50 357 8.9

Timing of fertiliser application

Factors influencing the decision to apply fertil-
iser to pastures are frequently those associated with
cash flow and taxation rather than agricultural sci-
ence. As a general statement, the timing of applica-
tion is significantly less important than such factors
as type of pasture, presence of responsive species,
livestock enterprise, rate of nutrient applied and
magnitude of deficiencies. On very phosphate defi-
cient soils for example, it would be argued that any
time of the year is a good time to apply phosphate.
It would also be reasonable to put forward an argu-
ment in favour of boosting germinating seedlings of
sub elover with a March topdressing or a summer
application to reduce the risk of spring bloat where
white clover is the dominant legume, Further, the
application of fertiliser to coincide with an active
period of plant growth, rather than when plants are
stressed by frost, waterlogging or drought would be
a sound approach. In this way more nutrient would
be taken up by an actively growing plant for animal
consumption and less would find it's way into the
inorganic non available form.

The recent trend towards high analysis products
for pasture topdressing containing appreciable
amounts of elemental sulphur demands more atten-
tion (o timing. As previously stated, elemental sul-
phur requires microbial action with adequate
conditions of moisture and temperature to bring
about a conversion to the plant available sulphate
form. In general terms, the conditions that favour
plant growth, also favour the oxidation of elemental
sulphur.  Accordingly, on very sulphur deficient
soils, application of elemental sulphur, irrespective
of the particular fertiliser product, will provide a
guicker release of plant available sulphur if applica-
tion takes place from spring until autumn avoiding
very dry or waterlogged soil. On soils with a
known build up of organic sulphur from previous
fertiliser applications or where soil tests indicate
reaspnable soil sulphur, timing is not 50 important,

Timing of application or phosphorus is less im-
portant, but some factors are worth consideration.
Increases in phosphorus have been recorded during
long dry periods and are thought to be due to con-
tinual mineralisation of organic matter with mini-
mum uptake by plants. As a result, there is
generally some inflated phosphorus levels following
a drought which will return to pre-drought levels
fullowing 3-6 months of improved plant growth.

Decreases in soil phosphorus levels following
very wet periods are probably due to increased
phosphorus sorbing capacity of soils as a result of
reducing conditions in waterlogged soils {Vimpany
& Bradley 1980). Under these conditions, a spring
application of phosphate is likely to be more effi-
cient than an application in autumn prior to winter
waterlogging. This is likely to be of greater signifi-
cance on poorly drained soils derived from slate and
shale than better drained basalt soils.

Conclusions

Where plant nutrients are deficient, fertiliser
is undoubtedly the key to improved plant and ani-
mal production. The presence of responsive species
in the pasture is vital to provide the basis for such
improvement. The legume component is the foun-
dation for improvement whether native or inuo-
duced grasses are the companion species. Soil type,
fertility, livestock enterprise and rainfall largely de-
termine the choice of the companion native or intro-
duced grasses,

The critical factors determining efficient fertil-
iser use are:

o jdentification of deficiencies;

e rate of fertiliser application;

e choice of suitable product; and,
® liming of application.

The identification of nutrient deficiencies re-
quires local knowledge, soil analysis and local trials
while tissue analysis has a limited role.

Rates of application are traditionally too low and
should be governed by magnitude of nutrient defi-
ciency, product removal, livestock enterprise, pas-
ture type and available finance. High fertility
demanding perennial grasses, notably the intro-
duced species, are more often than not regularly un-
der fertilised and this is seen as one of the reasons
for pasture decline since the mid-1980"s. By con-
trast New Zealand producers working under similar
economic constraints have to a large extent success-
fully maintained improved pastures with high levels
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of fertiliser applications. The generally more [a-
vourable climate in most of the agricultural areas of
that country provides the basis for pasture responses
to fertiliser. While acknowledging a climatic differ-
ence, the New Zealand principles of boosting pas-
ture and animal! production with adequate fertiliser
are relevant and should serve at least as a guide for
producers in the grazing areas of Eastern Australia.

The choice of fertiliser has become more com-
plex in recent years as an increasing range of prod-
ucts supplying phosphorus and sulphur has become
available, The water soluble form of phosphorus is
preferred in the majority of cases to the less soluble
products based on citrate soluble phosphorus or re-
active phosphate rock. Research currently underway
to evaluate the role of RPR’s confirms a slow re-
lease of phosphorus from these products and an ac-
companying penalty in reduced pasture growth, A
combination of RPR and water soluble phosphorus
may have merit under cerain circumstances pro-
vided sulphur is added where required and the prod-
uct is cost competitive with other phosphate
fertilisers.

Sulphur is an important deficiency in many pas-
ture growing areas and should be applied either in
the readily available sulphate or the slower release
elemental form. Elemental sulphur has been shown
in trials and commercial practice to be an efficient
means of supplying sulphur and on some soils may
be preferred in future over the sulphate form, pro-

vided an initial significant deficiency has been at.

least partly corrected.

The timing of fertiliser application is not seen to
be as critical as other factors in terms of fertiliser ef-
ficiency. Where elemental sulphur is used, an ac-
ceptable oxidation would be expected under similar
conditions of moisture and temperature as those that
favour plant growth. Otherwise, release of sulphur
would be retarded, but this usually coincides with
reduced plant growth. For this reason, a mid-winter
application of elemental sulphur, provided it is suf-
ficiently finely ground, would be slightly less effec-
tive in the short term than sulphate sulphur.

Timing of phosphorus applications is best made
to coincide with a flush of growth, especially the
legume. Evidence is presented to suggest that an
autumn application of phosphorus in poorly drained
soils prone to water logging may result in reduced
availability of phosphorus to the growing plant
Under these circumstances, a spring application
would be preferred.
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