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Abstract

Pasture sowing can be expensive and efforts to
ensure survival and early productivity have large
financial benefits. Grazing and fertiliser appli-
cation have only minor effects during germina-
tion and emergence of sown pasture because of
the overwhelming influence of seed and seedbed
characteristics and soil moisture supply. There-
after, and until pasture survival is assured, root
competition is the major influence on seedling
growth and survival, with limited capacity for
management to moderate that competition. We
suggest some grazing management and fertiliser
application guidelines but conclude that regular
care and attention to new pasture is the most
important role for management.

Introduction

Management is concerned with security of the
sown plants, in order to avoid replanting, and
with grazing at the earliest opportunity, in order
to maximise economic returns. Table 1 illustrates
the effect of delays in establishment on economic
returns as well as the considerable delay in
repaying investment capital even when establish-
ment is rapid.

Pasture establishment, in this discussion, is
taken to be the period between sowing and a time
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Table 1. Economic penalties of delays in pasture establishment
for 900 ha fertilised stylo carrying 456 home-bred steers.

Time to full productivity

I year 3 years 5 years
Payback period (yrs)! 4 6 8
Net Present Value of sowing
($°000)2 110 64 23

! Time to restore original cash flow.
2 At 6% discount rate.

when growth of the pasture into the next growing
season is assured. That time may be as early as
the end of the first growing season when
adequate seed set ensures regeneration in the next
season or it may be as late as the end of the
second growing season when little or no seed set
occurs in the first. Successful establishment does
not imply full pasture productivity, which can
take up to 3 years in intensive situations (J.K.
Teitzel, personal communication) and as long as
8 years in low-input, low-rainfall situations
(Anon. 1992). Management refers to inter-
ventions other than those concerned with seed
and seedbed characteristics, which are dealt with
in previous papers of this series. Interventions
include grazing, fertilising, burning and using
cover crops.

Two phases in establishment are recognised:
germination and emergence, followed by seedling
growth and survival (Cook 1980).

Germination and emergence

The effects of weather, seed characteristics and

* seedbed conditions are so dominant at this stage

that management is almost irrelevant. An excep-
tion concerns oversown pasture where manipu-
lation of cover prior to germination can influence
drying of the soil surface. Under hot conditions,
some cover can extend the period of moist soil



surface for more than 24 hours (Mott ef al.
1976). The same effect is sometimes observed in
open woodlands where establishment occurs
under trees but not in the open. However, there
are few prospects for organising the appropriate
degree of cover without increasing the degree of
competition seedlings will later face from the
sward providing the cover. In practical over-
sowing in the tropics, dry season burning of
native pasture followed by immediate sowing, to
allow weathering to soften hard seed (McKeon
and Mott 1984), usually means that there is no
cover at the time of first rain. In the subtropics,
where spring pasture growth begins in response
to rising temperature, rather than rain, there are
better prospects for managing cover through
grazing and burning. In sod-seeding and similar
situations, manipulation of pasture cover through
combinations of burning, grazing and herbicide
should become relatively simple, through
developments like the band-seeder.

Any effect of fertiliser on germination and
emergence is usually negative with super-
phosphate (Harty 1967; Kerridge and Cook 1990)
although no such adverse effects have been
observed with non-acidic monoammonium phos-
phate or sulphate of ammonia (C.P. Miller and
A.E. Holmes, unpublished data).

Seedling growth and survival

Whatever the success of germination and emer-
gence, the pasture that finally results is a product
of seedling growth and survival. In the tropics
and subtropics, where soil water deficits are
common during the growing season, this phase
is more critical than germination and emergence
(Ive 1976; Cook and Dolby 1981; Mclvor and
Gardener 1981; Cook 1984). Emergence rates are
commonly 10-50% of viable seed sown while
final survival rates at the end of the first growing
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season are commonly less than 5% (Cook and
Dolby 1981; Mclvor and Gardener 1981; Cook
1984).

Once the seedling radicle has penetrated the
soil and root growth has begun, the objective of
management is to maximise growth of the sown
plants and minimise competition. As with ger-
mination and emergence, any effects of manage-
ment can easily be dominated by drought
(Rickert and Prinsen 1981; Cook 1984) and com-
petition for nutrients (Cook and Ratcliffe 1985)
and moisture (Ive 1976). Moreover, since root
competition seems to be more important than
shoot competition (Cook and Ratcliffe 1985),
there is limited scope for management to favour
sown seedlings. Against this background, we
propose, in Table 2, a scheme to rank the impor-
tance of various management options in post-
emergence pasture management.

Grazing or mowing

Defoliation of competing grasses seems to have
minor effects on legume seedling survival in the
subtropics (Cook 1984). It seems likely that in
the less competitive grasslands of the tropics the
effects would be even smaller. Recommendations
for early grazing management of oversown
pastures (Graham 1968; Cook and Lowe 1977;
Bowen and Rickert 1979; Edye and Gillard 1985;
Partridge and Miller 1991) seem to be based on
notions of relative palatability of legumes and
grasses. If cattle diet preferences in various cir-
cumstances were known, the recommendations
for early grazing might make some sense.
Without that knowledge, there seems little point
in recommending anything other than thoughtful
watchfulness.

Winks et al. (1974) reported preferential
grazing of Townsville stylo yet heavy summer
grazing was a common recommendation for its
establishment (Edye and Gillard 1985). Similarly,
while light to moderate grazing of Siratro

Table 2. Objectives and means of post-emergence management of establishing pastures, in order of potential benefit.

Objective Means

Minimise root competition for water.
Minimise root competition for nutrients.
Maximise growth of sown seedlings.
Maximise seed production of sown plants.
Minimise shoot competition.

Heavy pre-sowing grazing to weaken competition.

Heavy pre-sowing grazing to weaken competition. Fertilise to minimise effects.
Fertilise to promote growth.

Spelling at flowering.

Grazing or mowing to reduce biomass.
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pastures is recommended at establishment (Cook
and Lowe 1977), Stobbs (1977) and Walker et
al. (1981) showed that cattle avoided Siratro in
summer. Seca stylo is considered lowly palatable
in summer yet Hendricksen ef al. (1987) showed
that it was selected at all times of the year. The
variable rarely mentioned is the associated grass,
whose own, seasonally-fluctuating palatability is
surely relevant in establishing relative prefer-
ences. Add to this the possibility of palatability
differences between seedlings and adults and the
absence of consistent advice becomes understand-
able. We suggest some grazing management
guidelines in Table 3 but acknowledge the impor-
tance of treating each establishing pasture on its
merits. Mowing or slashing has a role in situa-
tions where a broad-leaved competitor overtops
sown species but has no place in oversown
situations.

Fertiliser

In many areas where tropical pastures might be
sown, soil levels of available phosphorus and sul-
phur are too low for optimum growth of sown
species. Requirements of sown species for these
nutrients are becoming clearer, even if the
economics of fertiliser application are not. For
near-optimal growth on soils with low phos-
phorus sorption capacity, tropical legumes
require available phosphorus levels in the soil of
8ppm (e.g. Seca, Gilbert and Shaw 1987) to
l4ppm (e.g. Siratro, Rayment et al. 1977).
Introduced tropical grasses appear to have higher
requirements (McIvor 1984). The response to fer-
tiliser in the establishment season is variable,
depending on species and rainfall (Cook and
Taylor 1990). Absolute responses by slow-
growing perennials like Seca stylo may be small
in the establishment year (Gilbert and Shaw

1987). A summary of known phosphorus require-
ments for survival and production is given in
Table 4.

Table 4. Requirements by pasture plants for bicarbonate-
extractable soil phosphorus (ppm).

Survival Production
Seca stylo 3 8
Wynn cassia 3 na!
Verano stylo 4 12
Glenn jointvetch 4 na
Twining legumes 5 13
Urochloa 4 10

! {evels uncertain.

Phosphate-extractable sulphur levels, calcu-
lated as a weighted profile mean, need to be
above 4ppm for optimum growth of legumes
(Probert and Jones 1977; 1982). There is no
information regarding establishment responses,
Gilbert and Shaw (1979) reporting no effect on
numbers or yield in the first year. Surprisingly,
they also reported no adverse effect of pelleting
Stylosanthes guianensis seed with elemental
sulphur.

Fertiliser invariably attracts cattle so that in
band-sown or strip-sown pastures or where only
part of a paddock is fertilised, great care is
needed in grazing management. Except in
extremes of infertility, fertiliser in these situa-
tions is best delayed until establishment is
assured.

Companion crops

Companion crops are sown either before or
simultaneously with pasture to minimise the time
land is out of production. The practice can be
successful when undersowing winter cereals

Table 3. Grazing management guidelines for establishing pastures, based on growth form and palatability.

Habit and palatability

Recommendation

- Grasses All
Legumes
Low-growing, unpalatable (Cassia rotundifolia)

Erect, palatable (Aeschynomene americana)

Erect, semi-palatable (Stylosanthes scabra)

Twining, palatable (Siratro, Centro)
Twining, unpalatable (Calopo)

Low-growing, palatable (Stylosanthes guianensis, S. hamata)

Spell until seeded.

Graze early, spell at flowering.
Graze continuously.

Graze mid-season, spell at flowering.
Graze continuously (tropics).

Spell at flowering (subtropics).

Spell at flowering.

Graze continuously.




(Scattini and Johnson 1988) or late in the growth
cycle of summer cereals but simultaneous sowing
of pasture and summer crops such as lablab
depresses establishment (M.F. Quirk, unpub-
lished data).

Practical implications

The major influences on the success of pasture
establishment are weather, seed characteristics
and seedbed preparation. Other aspects of
management have marginal impact although bad
management can easily prevent establishment.

Legumes (and grasses) superbly adapted to the
environment (¢.g. Seca, Verano and urochloa in
the tropics, fine-stem stylo and rhodes grass in
the subtropics) establish more easily than those
with marginal adaptation.

Producers north of 20°S routinely oversow
pastures on several thousand hectares annually
with no management other than dry season
burning. In the subtropics and higher latitude
tropics oversowing is often much less successful
for the following reasons:

1. Less reliable growing season rainfall.

2. Stronger competition from native pastures
growing on more fertile soils.

3. Difficulty in synchronising pasture burning
and sowing.

Producers in the tropics can reliably establish
legumes in native grass but would prefer faster
establishment. The price of achieving this
through management would not be bearable and
their best hope lies in manipulation of seed
characteristics.

Producers in the subtropics clearly need to
control competition for reliable establishment of
most existing cultivars. Satisfactory control can
be achieved by cultivation or application of her-
bicide, both of which can be done in strips.
Grazing management has to consider growth
habit and relative palatability of sown and com-
peting plants. Apart from the general guidelines
suggested, the approach needs to be that of the
careful husbandman: regular inspection of estab-
lishing pastures for overgrazing, sclective grazing
or uprooting of new seedlings. Stocking rates
should be increased in harmony with develop-
ment of the pasture.

Decisions about fertiliser rates and timing will
usually be economic ones. In view of their mar-
ginal importance to establishment except in
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extreme situations, fertiliser applied to increase
cattle productivity might best be delayed until
pasture establishment is assured.

References

ANON. (1992) Developmental pasture agronomy in Queens-
land. Final Report on Project DAQ.MOI15 to Meat Research
Corporation.

Bowen, E.J. and Rickert, K.G. (1979) Beef production from
native pastures sown to fine-stem stylo in the Burnett region
of south-eastern Queensland. Australian Journal of
Experimental Agriculture and Animal Husbandry, 19,
140-149,

Cook, S.J. (1980) Establishing pasture species in existing
swards: a review. Tropical Grasslands, 14, 181-187.

Cook, S.J. (1984) Establishment of four pasture grasses and
Siratro from seed oversown into dense and open speargrass
pastures. Australian Journal of Experimental Agriculture
and Animal Husbandry, 24, 360-369.

Cook, 8.J. (1990) Legume establishment. Biennial Research
Report 1988-90, Division of Tropical Crops and Pastures,
CSIRO, Australia. pp. 65-66.

Cook, S.J. and DoLsy, G.R. (1981) Establishment of buffel
grass, green panic and Siratro from seed broadcast into a
speargrass pasture in southern Queensland. Australian
Journal of Agricultural Research, 32, 749-759.

Cook, S.J. and Lowe, K.F. (1977) Establishment of Siratro
pastures. Tropical Grasslands, 11, 41-48,

Cook, S.J. and Ratcuirrg, D. (1985) Effect of fertilizer, root
and shoot competition on the growth of Siratro (Macro-
ptilium atropurpureum) and green panic (Panicum max-
imum var. trichoglume) seedlings in a native speargrass
(Heteropogon contortus) sward. Australian Journal of
Agricultural Research, 36, 233-245.

Cook, S.J. and TayLor, J.A. (1990) Early management of
Band-sown legume mixtures. Biennial Research Report
1988-90, Division of Tropical Crops and Pastures, CSIRO,
Australia. pp. 68-69.

Epye, L.A. and GiLLARD, P. (1985) Pasture improvement in
semi-arid tropical savannas: A practical example in northern
Queensland. In: Tothill, J.C. and Moit, J.J. (eds) Ecology
and Management of the World’s Savannas. pp. 303-309.
(Australian Academy of Science: Canberra).

GiLBERT, M. A. and SHAaw, K.A. (1979) A comparison of sul-
phur fertilizers and sulphur seed pellets on a Stylosanthes
guianensis pasture on a euchrozem in north Queensland.
Australian Journal of Experimental Agriculture and Animal
Husbandry, 19, 241-246.

GiLBert, M.A. and SHaw, K.A. (1987) Fertility of a red earth
soil of mid-Cape York Peninsula. Australian Journal of
Experimental Agriculture and Animal Husbandry, 27,
863-868.

GranaM, T.G. (1968) Strip planting Townsville lucerne in
spear grass. Queensland Agricultural Journal, 94, 544-550.

Harty, R.L. (1967) Effect of superphosphate on the germi-
nation of Townsville lucerne (Stylosanthes humilis H.B.X.).
Queensland Journal of Agricultural and Animal Sciences,
24, 235-236.

HENDRICKSEN, R.E., PUNTER, L.D. and MiLLER, C.P. (1987)
Selection by cattle of Seca stylo from oversown native
pasture in the dry tropics. In: Rose, Mary (ed.) Herbivore
Nutrition Research. pp. 91-92. (Australian Society of
Animal Production). .

Ive, J.R. (1976) Growth and competition in annual legume-
perennial grass pasture in a dry monsoonal climate. Aus-
tralian Journal of Ecology, 1,185-196.



348  C.P. Miller, J.A. Taylor and M.F. Quirk

KerribGg, P.C. and Cook, S.J. (1990) Effecis of super-
phosphate on the establishment and growth of Band-sown
legumes. Biennial Research Report 1988-90, Division of
Tropical Crops and Pastures, CSIRO, Australia. pp. 66-67.

MCcIvor, J.G. (1984) Phosphorus requirements and responses
of tropical pasture species: native and introduced grasses,
and introduced legumes. Australian Journal of Experimental
Agriculture and Animal Husbandry, 24, 370-378.

Mclvor, J.G. and GARDENER, C.J. (1981) Establishment of
introduced grasses at different stages of pasture develop-
ment: effects of seedbed. Australian Journal of
Experimental Agriculture and Animal Husbandry, 21,
417-423,

McKeon, G.M. and Morr, J.J. (1984) Seed biology of
Stylosanthes In: Stace, H.M. and Edye, L.A. (eds) Biology
and Agronomy of Stylosanthes. pp. 311-332. (Academic
Press: Sydney).

Morr, I.J., McKeon, G.M. and Moore, C.J. (1976) Effects
of seedbed conditions on the germination of four
Stylosanthes species in the Northern Territory. Australian
Journal of Agricultural Research, 27, 811-823.

ParTRIDGE, L.J. and MiLLER, C.P. (eds) Sown pastures for the
Seasonally Dry Tropics. 1991. (QDPI: Brisbane).

Prosert, MLE. and Jones, R.K. (1977) The use of soil
analysis for predicting the response to sulphur of pasture
legumes in the Australian tropics. Australian Journal of Soil
Research, 15, 137-146.

ProBERT, ML.E. and Jones, R.K. (1982) Studies on some
neutral red duplex soils (Dr 2.12) in north-eastern Queens-
land. 4. Field studies of nutrient responses with Caribbean
stylo. Australian Journal of Experimental Agriculture and
Animal Husbandry, 22, 382-390.

Ray™ment, G.E., Brucg, R.C. and Rossins, G.R. (1977)
Response of established Siratro (Macroptilium atropur-
pureum) pastures in south-east Queensland to phosphorus
fertilizer. Tropical Grasslands, 11, 67-77.

RickerT, K.G. and Prinsen, J.H. (1981) Aspects of establish-
ment and persistence of fine-stem stylo. Tropical Grasslands,
15, 176-183.

Scattini, W.J. and Jounson, B. (1988) Purple pigeon grass
(Setaria incrassata). A new grass with a big future on clay
soil. Queensland Agricultural Journal, 114, 77-78.

Stosss, T.H. (1977) Seasonal changes in the preference by
cattle for Macroptilium atropurpureum cv. Siratro. Trop-
ical Grasslands, 11, 87-91.

WALKER, B., RUTHERFORD, M.T. and WHiTEMAN, P.C. (1981)
Diet selection by cattle on tropical pastures in northern Aus-
tralia. Proceedings of the XIV International Grassland Con-
gress, Lexington, Kentucky, USA. pp. 681-684.

Winks, L., LamserTH, F.C., Moir, K.W. and Pepper, P.M.
(1974) Effect of stocking rate and fertilizer on the perfor- .
mance of steers grazing Townsville stylo- based pasture in
north Queensland. Australian Journal of Experimental
Agriculture and Animal Husbandry, 14, 146-154.



