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Summary. Programs for reseeding grazing lands are constrained by a range of environmental conditions
and, even within specified zones, are usually site-specific. Hence advocacy for a general technique is
often not practical.

Planning a program requires recognition of the physical and ecological processes acting on the site, the
techniques available for rehabilitation, the economies of scale and the subsequent management
requirements at the site. Good planning beforehand and sensible management the first year afterwards
are the keys to a successful program.

The principles of pasture establishment and management are similar for any sown plant whether native
or exotic. The major difference is that the use of native species will generally be focused on agricultural
land of lower productivity, as higher performing exotic species require areas of greater resource and
management inputs. Some soil disturbance is essential.

At present only small areas are sown to native pasture species, although a wide range of environments
have been tried. The biggest restrictions to their use are a lack of regular supplies of good quality seed

. and equipment adapted to sowing chaffy seed evenly.

Best sowing time is difficult to predict in semi-arid Australia. Mid-winter and mid-summer sowings
should be avoided as seedlings of perennial species are comparatively vulnerable in those seasons. C,
grasses are better sown in autumn and C, species in spring. This timing increases the chances of several
germination and growth periods before their dormant season occurs. However the window of

‘opportunity is small.

Post-establishment management techniques are discussed in relation to the role the pasture is to play.
Tailored management should apply to each species at key times to bolster agronomic weaknesses in its

‘ adaptatxons or biology. Comprehensive information about the species under many different situations

is most important if its seed industry is to have a predictable future.

| Introduction:
* What is the role for native grasses in Australia? Highly productive pasture land will generally be sown

to high production exotic cultivars. This requires maintenance inputs of management, fertilizers,
insecticides etc. More extensive pasture lands contain mainly native grasses undersown with legumes

. to maintain fertility and increase production.

~ Dry to semi-arid lands will be composed mainly of native grasses in their natural state. Heavily
- modified lands, degraded lands and areas of aesthetic value will be sown with specially selected grasses,
* increasingly from native stock. Temperate lands that receive more than 500mm of rain annually and
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are on fertile, low topography land have little to gain from sowing natives instead of exotic species
(Crosthwaite et al. 1995).

Therefore, the most likely niche for sown native grasses will be in the poorer resourced pastoral lands,
such as hills, acid soils and semi-arid country. Native grasses are seen and being marketed as "low
input grasses" and "grasses for problem areas". There is little likelihood of political or social problems
arising in the future from their use because they cannot be portrayed as "unnatural” or alien.

In Australia we have very few commercially registered cultivars of native forage species - about 6
grasses, | saltbush and no legumes to the best of our knowledge. This is much fewer than in the USA
and South Africa but not atypical for the world.

Pre-sowing storage:

Previous papers have dealt with seed production and highlighted the variable quality of seed
collected and ways to improve it. We wish to draw attention to the crucial aspect of seed storage
between processing and planting. If this is not professionally handled, good quality seed can
deteriorate to very low quality within 1-2 years if stored in a non-arid climate.

Butler (1995).emphasises the Harrington rule of thumb that storage life is doubled by every 5° C
decrease in seed temperature and by each 1% decrease in seed moisture content. For germinable
seed to hold most of its viability longer than 1-2 years, the sum of the mean storage temperature in
°F and the bag relative humidity percent should be less than 100 eg. a cold room at 40 ° F (5° C) and
60% relative humidity will only preserve most pasture grasses for about 18 months. Processed
legume seed that has been scarified and grass seed that has been cone threshed may have an even
shorter storage life.

The normal storage life of pasture seeds depends upon the species but Silcock and Finlay of QDPI
found buffel grass in woven polythene bags in a cold room in Toowoomba was all dead after 3
years as was Bisset creeping bluegrass, Consol lovegrass, Nixon sabi and Premer digit grass from
- commercial sources. Seed of native species would have suffered a similar fate unless they were

* hard seeded.
Conversely, Silcock ef al. (1990) indicate that the germination of most Queensland native grasses
did not deteriorate over a period of S years storage at 15°-27°C (50-80°F) under low (25%) humidity
conditions. For long term viability, Kabay and Lewis (1987) recommend cold storage at 1-3°C for
well dried seed stored with a desiccant. Adequate seed dryness is essential and often more
beneficial than cold storage without humidity control.

Planning: - _ ; -
Planning is the most important aspect in undertaking a native pasture establishment project. Steps need

to be tailored to suit specific sites, objectives and conditions, including site management afterwards

(Scholz 1995). The table below is included as a broad outline of the basic options for each major

climatic zone. Trade-offs between cost and benefit are largely dependent upon the scale of the project

and the methods employed. However, there are many interacting factors and considerations that are

best addressed at the specific site.
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Acquire adequate information from expert or reliable sources about the management needs of the
species you plan to sow. The seed is likely to be expensive (Mitchell 1995) and the likelihood of a
good establishment rain shortly after sowing is not often high. It may be better to only sow in a band
around an existing pasture dominated by desirable species rather than re-sowing everything (Scholz
1995). There is probably merit in harvesting local seed of your desired species rather than importing
seed from commercial sources whose germplasm comes from a distant area (Loch 1995). You need
to plan at least 1 year ahead to do this properly because seed of many species requ1res a period of after-
ripening before they achieve high germmablhty (Sllcock et al 1990)

Rainfall regime > 500mm; reliable >350mrh; reliable < 250mm;
characterised by: | soil moisture rainfall events unreliable rainfall
Establishment existing pasture méintaining soil harvesting and
problems: competition moisture maintaining soil
moisture
Methods to control existing reduce runoff; ponding water,
overcome pasture through increase infiltration | controlling runoff;
limitations: spraying and increasing
cultivation infiltration
Technology used: | band seeder; discing, pitting; ponding banks,
cultivator presswheels | contour furrows

Scholz (1995) emphasises the need to choose sites carefully so that the maximum likely benefit will
accrue to the whole property operation. We recommend doing smaller areas thoroughly rather than
large areas superficially because control of potential woody regrowth is a major consideration for most .
parts of Australia. If the aim is to produce a special, commercial seed production area, then extra
expense and cultivation can be justified. If suppression of established shrubs is the aim, regrowth will
be a potential problem to be controlled by strategic burning and a simple “crocodile seeder” may be all
that is required initially.

Seed quality. Most native species establishment problems, apart from lack of adequate germinating
rains, arise from a lack of appreciation of the true amount of germinable seed in each bag. Loch et al.
(1994) has noted that percent purity and percent viability are often inadequate data. The number of
germinable seeds per kilogram of seed material in the bag is the real criteria. We support him in this
matter. There is often a large amount ( 50-90% ) of chaffy material in native seed, eg. kangaroo grass,
Themeda triandra), which has no value but is difficult to separate out. Likewise a tetrazolium test may
indicate 50-80% viability for the true seeds in the material (Loch ef al. 1994) but for several years many
of those seeds may not germinate without special treatment, eg. scorching by fire. So the value to a
grazier or farmer looking to establish a dense sward may be seriously overestimated unless the planting
quality of the seed lot is carefully assessed. In Loch et al’s case, there was often only 5-8 000 Themeda
seeds/kg of sowing material compared to values of a million for many Panicum species. Embryonic
dormancy seems to be a serious issue for Digitaria, Paspalidium and Panicum species as it is with T.
triandra.
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Extreme hard-seededness is another under-recognised problem with native Australian legumes and
flannel weeds. The scarification intensity used for many temperate legumes is quite inadequate for
many tropical ones and there can be other complicating factors. Sticky seed coats, such as in Psoralea
and Rhynchosia species, make continuous mechanical scarification difficult. Scarified legume seed
is vulnerable to germinating on inadequate rain. Whole sowing’s can be lost while grasses survive
ungerminated waiting for better rains. For other dicots, a lack of understanding of seed dormancy
mechanisms can be a big drawback, eg. Haloragis odontocarpa (Silcock et al. 1990). Nonetheless,
most germination problems can be overcome by some persistent effort and research if the forage or
floral potential of the species is great enough. The numerous articles in “Australian Native Plants” are
testimony to that. However at a commercial scale, some cottage industry methods, eg. acid scarification
or boiling water treatment, may be impractical and other methods may need to be developed.

What to sow. Our experience and that of others shows that, with our native forage species, we are
currently at the state of knowledge shown in Table 1.

Table 1. Current state of knowledge of native forage species.

A. Regeneration from seed

NOT A PROBLEM MIXED SUCCESS VERY DIFFICULT
Astrebla lappacea Microlaena stipoides Atriplex nummularia
Danthonia linkii Bothriochloa ewartiana Psoralea eriantha
Danthonia racemosa Atriplex amnicola Haloragis odontocarpa
Danthonia richardsonii Monachather paradoxus Triodia marginata
Panicum decompositum Themeda triandra Triodia pungens
Chloris truncata Eragrostis eriopoda

Thyridolepis mitchelliana | Digitaria ammophila

Dichanthium sericeum

Bothriochloa erianthoides

" Heteropogon contortus

Iseilema vaginiflorum

Echinochloa turneriana

Trigonella suavissima

B. Sward persistence on suitable soils with moderate grazing.

GOOD - : | FAIR POOR
Bothriochloa ewartian Themeda triandra

Dichanthium sericeum Monachather paradoxus
Thyridolepis mitchelliana | Psoralea tenax

Psoralea eriantha Rhynchosia minima

Astrebla lappacea Chloris truncata

Atriplex nummularia Digitaria ammophila

Eragrostis eriopoda

Bothriochloa erianthoides
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Mixtures. Sowing mixtures of species for long term pastures has many appealing aspects (in theory)
for stability. However no research has been done with native species to explore the potential benefits.
Where mixes of exotic species have been sown one grass often dominates strongly after the first
drought but an initial flush by shorter-lived species has often given good early feed. Mixes can allow
grazing rests at some time each year because species fluctuate in leafiness and seedhead exsertion
follows slightly different rhythms.

How to sow. Because some form of soil surface disturbance is essential, sowing the seed at the same
time is a desirable practical objective. In recent years, fluffy seed metering devices have been
developed which do a good job in conjunction with conventional tillage equipment, eg. Seabrook
Seeders, Gayndah and others (Scholz 1995). Another called the bandseeder (Partridge e al. 1993) is
specifically for infusing legume seed into existing grassy swards. Herbicide sprays suppress
competition and a narrow tyne opens a furrow for seed and fertiliser. This seeder, though on a 3-point
linkage and fairly manoeuvrable, is only suitable for non-rocky soils on low slopes where logs and
stumps are scattered.

The same could be said for the revolving drum seeder used for sowing buffel grass. A more robust but
still fairly small implement is the 'crocodile' seeder. It can be linked into different configurations
depending on the terrain and the power of the towing unit (Scholz 1995). Blade ploughs fitted with a
revolving drum seeder are for bigger and denser regrowth on uniform profile soils, eg. grey clays or
gradual texture change soils such as red earths where there is no dispersable sodic subsoil likely to be
brought to the surface.

The machinery preparing the seedbed can vary and so can the roughness of the seedbed. However, in
all cases, the aim is to get the seed beneath a very shallow cover of soil (max. 1 cm) but in or closely
adjacent to a depression where more rainfall than normal will collect. In semi-arid areas, seedlings
almost invariably establish in small depressions or furrows left by the planter but on some silty soil
types waterlogging and seedling death can occur. In Western Australia, the Mallen niche seeder was
developed to overcome this problem by placing the seed on the inner side of each furrow (Malcolm and

Allen 1981).

Broadcast seeding can be appropriate where seed is fairly cheap or very trashy or the tillage equipment
is rugged eg. blade ploughs. More accurate metering and placement is usually needed because native
seed is so expensive. Seedling establishment will still occur mainly in depressions where extra water
collects from showers but there is no guarantee that broadcast seed is there to exploit it. Very deep
(25cm ), wide furrows are necessary in arid areas to counteract slaking down of the sides after rain. In
very wet years, seed will initially establish away from depressions but they are not ‘normal’
establishment conditions and subsequent survival will still be better in favoured areas.

Time of sowing:

Predicting when to sow is simple in the monsoonal north, Mediterranean south and high rainfall mid-
east coast regions of Australia. In all other areas the objective should be to plant so that the seed has
the greatest number of chances of rain before the next dormant season for that species, ie. in early
autumn for temperate species and spring for tropical species. This may not equate with the time of
highest probable moisture availability (statistically) but experience shows that germinating rains are
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only part of the story for perennial species. They are mostly well adapted to short-term moisture stress,
regrow rapidly after follow-up rains, and in spring and autumn there is a nice balance between
temperature and moisture which favours seedling establishment if good rains occur. In mid-summer,
heat waves can be catastrophic to all tropical seedlings. There is a perverse logic which indicates that -
sowing towards the end of a drought can give good results because minimal competition and high
nutrient levels exist after the rains come. This overlooks the potential for severe wind erosion.

In aseasonal rainfall areas, weed competition and insect pests can cause major setbacks to establishing
seedlings in particular years. Rhodes grass is very susceptible to grasshoppers when young and there
is little way of predicting whether they will be a problem. Grassy, annual spring weeds, eg. liverseed
. grass and barnyard grass are a big problem in Qld while weedy brassicas are in northern NSW in
autumn. They can completely swamp young, sown plants where their biomass exceeds 1000 kg/ha
while at about 500 kg/ha the seedlings seem able to cope.

Frost susceptibility of young plants is not well documented. Campbell et al. (1995) believe frosts
severely damage mitchell grass, Astrebla spp., sowings in the Walgett area. In Queensland annual
medics can be damaged by severe frosts. Such occurrences are fairly rare because temperatures of
about -9° C seem needed and -5° C is the usual winter minimum in southern inland Queensland. Winter
frosts tend to be more severe in late winter than in early winter on open ground because the soil is
colder. This is a topic which needs more research for both native and exotic forage species.

Effectiveness of rainfall for seedling establishment is very difficult to judge from daily rainfall data.
Some attempts have been made by Silcock and Johnston (1993) and Goodman (1988) for Australian
conditions, but only 3- hourly humidity, wind and temperature data will really provide a good answer.
Cloud cover, surface litter and windiness after rain have an enormous impact on surface soil moisture
which determines how much germination is possible. Thereafter, seedling survival is strongly
influenced by the amount of subsoil moisture available. If there is very little antecedent soil moisture,
eg. in spring in north Qld and in autumn in southern Australia, then an isolated fall of 30 mm will
probably produce a low establishment success. However subsoil moisture plus 30 mm may produce a
good establishment because the seedlings will then survive until the next substantial fall of rain
guarantees their survival.

Tailoring techniques to objectives. The sowing techniques used will be determined by the pasture’s
perceived role. Sowing rates may be reduced provided enough time is allowed for the stand to thicken
up before full grazing pressure is applied. Seed production areas should have as smooth and obstacle-
free a soil surface as possible. However, existing small mechanised harvesters can avoid sticks and logs
quite well and uneven pasture greenness presents bigger problems for getting a good quality seed crop.

For mine spoil, earthworks or gully rehabilitation, early ground cover is paramount and grazing use is
a very secondary consideration. Hence relatively high sowing rates are required and broadcasting is
probably also the only feasible seed distribution method in many cases because the ground is so uneven.
Fertilizers are often needed on such areas because little topsoil remains. Severe weed competition is
also much less likely to be a problem because of the topsoil loss and because seed has probably not
accumulated there recently. Rainfall infiltration will often be worse on such sites compared to normal
soils. However, we re-emphasise the need to plan, because some red soils have a huge woody weed
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potential and some miners and earthmoving operations use good topsoil management techniques so that
regrowth potential is high. The potential for routine use of fertiliser is also there in high value areas
such as mines (Silcock 1990).

Sowing:

Seeding rates. Calculating ideal seeding rates for native grasses depends on a number of variable
factors, namely species peculiarities, seed quality and environmental parameters. Goodall and Morgan
(1974) and Hodgkinson et al. (1980) estimated semi-arid rangeland soils may have 3,000 - 15,000 live
seeds per square metre. Recommended rates for sowing seed is 30 to 500 seed/sq m in South Africa
(Booysen 1981) and 200 live seeds/sq m for grasses on New Mexico rangelands (Alison 1988). The
greater the expected grassy weed competition and the less reliable the expected rainfall, the greater
should be the seeding rate to offset high seedling mortality rates.

Silcock (unpublished data) aims to sow 100-200 germinable seeds/sq m in southwest Qld research trials
but recommended commercial rates for buffel grass in the same region ( 1-4 kg/ha ) are equivalent to
only 10-40 germinable seeds/sq m. Cross (1983) considered greater than 5 plants/sq m as a successful
reseeding in Texas while Silcock and Johnston (1993) consider >1 plant/sq m to be a 'noticeable'
emergence of seedlings and 100 plants/sq m to be a 'significant' emergence.

Soil disturbance. The simplest and least expensive method of sowing is broadcasting on to untreated
ground. This normally has a very low success rate because establishment is determined by the number
of favourable microsites rather than the density of seeds (Call and Roundy 1991). Grasses give poorer
results than taprooted dicots on undisturbed ground. Strongly self-mulching clays do not need
disturbance for a favourable seedbed structure but weed competition may still be intense.

Soil disturbance is essential where the seed is sown. Pits, furrows, surface roughening and complete
cultivation all have a place depending on the objectives. The more important aspects are how much
adjacent existing vegetation has been cleared to reduce competition for water and nutrients plus how
well surface moisture is held. Results from a wide range of studies show that the ideal technique for
low rainfall environments is to break up the soil surface, improve the water holding features of soil
surface and ensure good soil-seed contact all in the one sowing pass (Cross 1983, Wiedemann 1992,
Dixon and Carr 1994, Friedel et al. 1994).

Generally, saline soils and those with > 25% clay content do not provide good surfaces for seedling
establishment because they slake down readily (Friedel et al. 1994). Establishment tends to be around
the edge of any pits or furrows because seedlings on the floor tend to drown under prolonged inundation
in silty water.

Minimising competition. In semi-arid environments, narrow well-defined lanes of young seedlings
amongst old rank pasture are usually obliterated by grazing animals in the first few grazings because
they act as pathways. So planting in widely spaced, regular rows should be avoided if the surrounding
pastures is unpalatable, eg. wiregrasses. If rows are unavoidable, some system of staggering is
recommended to break up stock movement as well as water flows.

Fire, on its own, is unlikely to reduce competition enough to overcome moisture or nutrient competition
but it can minimise selective grazing for some months.
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Sowing depth. Most grasses emerge best from about 5 mm depth and legumes, with larger seeds, can
come up from 1-2 cm fairly readily if surface moisture persists long enough. There are some species
that prefer light during germination (Lovegrasses and Sporobolus spp.) and thus emerge mostly from
very shallow depths or deeper when down cracks. These tend to be small seeded species which are very
difficult to sow at an accurate depth or rate.

In degraded cracking soils, the cracks can sometimes be the only way seedlings can emerge through the
surface crust that develops in the degraded areas. This may be particularly relevant to old cropping
lands being retired to pasture or during claypan reclamation. Conversely cracks in drying soil can act
as a focus for seed burial and entrapment which will enhance germination chances later on.
Wiregrasses regularly bury their seeds down thin cracks in otherwise massive red earths with strong
surface seals. The seeds enter 'embryo-first’ but only to the depth of the diverging awns (about 1 cm)
which is a favourable depth.

Seed predation control. Unburied seed is readily harvested by ants and no species seems immune
despite the novelty of introduced species to an area. Partially buried seed in loose cultivated soil is still
vulnerable. Once buried and surrounded by gently compacted soil, the seed is safe from ants and
termites but the seedling may still be attacked later as it emerges. False wireworms are very active in
southern Qld (Allsopp 1979) and will eat all parts of young seedlings. Silcock (unpublished
observation) has also recorded Pheidole sp. ants eating the emerging coleoptiles of buffel grass in
mulga country at Charleville. This kills the plant and would normally not be detected in the field.
Many establishment failures in rangelands may be due to predation or damping-off of very young
seedlings or seed without the owner being aware of what is happening because management is so low
key normally.

As an example, a mixed sowing of legumes, grasses and saltbushes at Roma was subjected to attack
by Oedaleus sp. grasshoppers in spring. The plants were a couple of weeks old, about 6-8 cm tall, and
the grasses were starting to tiller. Fortunately this particular grasshopper ate only grasses and ignored
the legumes and chenopods. Though most grass seedlings were eaten back to near ground level, they

. had initiated tiller buds and regrew quite well once the hoppers moved on. If the same extent of

defoliation had occurred to the legumes and chenopods by insects, all growing points would have been
eaten and the plants lost. Selective grazing of wilted foliage by Australian plague locusts has the
potential to disrupt mixed pasture species sowings if one component is more drought tolerant in the
seedling stage and does not wilt. .

Treating seed with insecticide is sometimes done to prevent theft but we know of no published results
showing it to be an economic exercise in Australia. Most insecticides work by killing the thief, by
which time the seed is usually concentrated at a nest site. "Coopex" is one chemical which will repel
prospective thieving ants buts is not registered in Qld at present. Coopex (active ingredient permethrin)
is broken down by sunlight while "Ficam" (active ingredient bendiocarb) is broken down by moisture.
If seeds are to be surface sown Ficam is preferred, if buried Coopex is better. These insecticides should
be applied carefully and only if deemed essential for protecting the sowing.

Fertilisers. Fertiliser probably has few roles for promoting establishment of native species because they

are being used as low input systems. Grasses do not generaily respond much to fertiliser in the seedling
year on soils in semi-arid regions. Nitrogen can provide a boost in wet years and in zero-till planting’s
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(Scattini; Silcock and Finlay unpublished data) but the benefits are mostly seen in yield rather than
sward density. Attempts by Silcock and Smith (1990) to stimulate buffel seedling growth on mulga
soils using phosphate coatings on seeds did not achieve commercially beneficial gains. Under good
moisture conditions the coatings boosted seedling growth dramatically. However inadequate continuity
of surface soil moisture generally denied seedlings the extra P during the crucial weeks 2 to 4 in the
field after emergence. Hence the cost of applying the coating was far too high to be justified for
broadcast sowings in rangelands.

There is probably a good case for using some fertiliser when establishing a seed production plot or for
rehabilitation of eroded areas and minespoil. Eroded areas will have lost much of the nutrient pool in
the surface soil, so some boost of N, P and maybe Sulphur or potash could be justified. Minespoils
without a layer of replaced surface soil will need heavy rates of complete balanced fertiliser and maybe
lime as well to counteract acidification. On natural soil, use of lime is generally to be discouraged when
sowing native species. It is better to select an adapted species than to embark on a program to lift pH
in the short term with high lime doses. Likewise acidification of highly alkaline soils seems pointless
unless organic matter derived from the re-sowing programme will be sufficient to gradually substitute
as an acidification agent. This is theoretically possible but no recorded cases have been sighted.

Germination aids. Moisture attractants on seeds are sometimes promoted as a way of overcoming
uncertain rainfall. We have seen no evidence that they are beneficial under Australian conditions and
Blumenthal and Hilder (1989) showed they did not work for Lotononis bainesii and other legumes.
There may be a case for using them with transplanted seedlings where water is added at sowing. Using
moisture attractants on seeds in low rainfall areas would seem to invite germination on small falls where

inadequate penetration of soil moisture would occur to keep the seedling going until good general rains
fell.

Legume seed should be inoculated with an appropriate strain of Rhizobium. There is published
literature to help in choosing for native species (Bowen 1956, Date et al. 1984) but access to it is not
easy for the general public.

Spreading or incorporating gypsum on the surface soil may be a useful tool for improving surface soil
structure on some soils, eg. the Triad Seeder (Norton 1969). Careful evaluation would be needed before
attempting this on a big scale, as bulk gypsum is hard to spread and difficult to handle cheaply. -

Use of pre and post-emergent herbicides has a role in seed production plots. Unfortunately little is
known of the sensitivity of most native species to commonly used herbicides. Special testing would
be needed beforehand if use of such chemicals was proposed. Loch (unpublished data) found desert

bluegrass, B. ewartiana, and B. bladhii var. glabra to be insensitive to pre-emergent Atrazine at 2 kg
ai/ha.

Establishment of grasses:

Rainfall requirements. Good seedling emergence requires two or more wet days for germination
followed by more rain within two months for successful establishment ( Frazier et al. 1985).
Silcock (1986) believes that unless the rain moistens the soil down to a depth of 25¢m or links with
subsoil moisture above that depth, there is a high probability that seedlings will die soon after
emergence due to unreliable follow-up rains in semi-arid Queensland.
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Generally greater than 25mm is needed to achieve significant germination (Silcock 1973). However
a single fall is not ideal unless cloudy conditions persist for several days to reduce the rate of
surface soil drying afterwards. Similarly, rains on consecutive days, each ineffective on their own,
can have a cumulative effect and produce good germination if the surface soil remains moist
throughout (Campbell 1972). Surface litter or standing dead pasture is very useful for enhancing
such rains. :

Germinating rains are more common in semi-arid climates than useful follow-up rains (Silcock and
Johnston 1993). Similarly, storm intensity, rainfall pattern and timing are more important than the
absolute amount received (Ries and Svejcar 1991).

Seedling establishment. For a seedling to survive and establish, rapid development of an adequate
root system is vital. The seminal roots are not adequate to supply sufficient moisture for later
seedling growth and seed set in most cases (Hyder et al. 1971). Comnish et al. (1984) and Whalley
(1987) found that most seedlings survived less than four months without adventitious ( secondary )
roots, even if subsoil moisture was continually available. Adventitious roots are unable to penetrate
dry soil and only elongate if the soil surface is moist (Hyder et al. 1971 ). Thus in hot or windy
environments where the soil surface dries out rapidly, a second fall of rain is required to stimulate
the crown of tropical grasses to extend secondary roots. This is not needed for taprooted plants to
establish properly.

Wilson and Briske (1979) found that grasses required a second fall of rain 2-8 weeks after
emergence to ensure successful grass establishment. Ries and Svejcar (1991) determined that with
adequate follow-up summer rainfall, the adventitious root system in the field had developed
sufficiently by 21 days after emergence to enable most surviving seedlings to establish. We would
consider this premature for many Australian situations although the majority of deaths would have
occurred before that time (Silcock 1976). '

Post - sowing management:

'Grazing effects on grasses. Seedlings are highly susceptible to grazing as they have low levels of
nutrient and energy reserves and shallow, low density root systems compared to adult plants
(Archer and Pyke 1991). A sturdy root system is essential for the survival of perennial grasses.
Constant defoliation inhibits the root system, especially prior to first tillering.

The first grazing should be relatlvely light and of short duration, enough to stimulate tillering and
reduce some of the competing vegetation (Silcock 1986). Grazing in arid climates should be
deferred at least until the grasses have flowered and set seed. Seed reserves are very important for
enabling a new pasture to persist through a drought or fire. Sown pastures thicken up considerably
in the second growing season due to crown development and extra germination of
dormant/suppressed seeds (Hopkinson 1993). '

Grazing management. Most native species flower by the end of the first growing season but there
may be some that do not, especially in dry years, eg. kangaroo grass, oldman saltbush. A short,
gentle grazing of such plants during the dormant season will be beneficial in removing weed
competition and opening up the sward to promote tillering or branching of sown plants. They must
then be rested in the next growing season until ripe seed is set. In the case of shrubs like oldman
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saltbush, it may be 3 years old before flowering, so prudent grazing is required that matches the
available forage produced.

If annual weed competition is severe in the first growing season grazing, spraying or slashing may
be beneficial to give the perennial natives a chance to establish a crown and set some seed. Where
annual native species have been sown then grazing is probably not an option before it has set seed
because future production depends on having a good seedbank in the soil. Again, detailed
information about a particular species could make alternative strategies plausible if that information
was available from researchers or promoting agencies.

Strategic crash grazing on well established swards can do an immense amount of good in
controlling weeds and stimulating tillering or branching of the desired plants. Heavy stocking rates
for short periods of 1-3 days during the growing season are required followed by rest until the plants
have recovered and set seed or until the end of that growing season. If a species is stoloniferous,
cattle can be useful for pressing runners deep into the soil during wet weather so that new sturdy
crowns can develop. '

Year one is Crucial. The state of a new pasture at the end of its first growing season will usually
determine its long term persistence. At this time, non-woody weeds will have reached their peak
numbers (and often size as well), the established population will probably be near the peak, any first
year seed for thickening up the sward will have been set but the crown of the newly established
plants will still be fairly weak. Dry matter yield and pasture height may be high but the tiller
density is usually still low and few large underground structures (rhizomes, bulbous tiller bases)
will have formed yet. Like a lignotuber on a mallee shrub, these crown structures are what confer
grazing, fire and drought tolerance on grasses, legumes and perennial forbs. Classical examples
include golden beard grass, C. fallax, cotton panic, D. brownii, variable glycine, G. tabacina, curly
mitchell, A. lappacea, and Maireana enchylaenoides. These crowns are also the storehouses where
mineral nitrogen is sequestered during pasture rundown. -

Maintenance of total grazing control. Grazing management is very important, of all herbivores.
Jill Landsberg's results show that sheep are responsible for only half the grazing pressure on native
pastures in western NSW (Ralph 1993). Kangaroos ( 0.6 DSE ), goats ( 0.7 DSE) and rabbits ( 0.08
DSE ) are major consumers [ 1 DSE = 1 Dry Sheep Equivalent ]. Differing diet selectivity does.
little to compensate for the competitive effect of feral herbivores because their diets are all forb
dominant. Make sure you check for excessive grazing by non-domestic stock particularly rabbits,
hares, goats, ducks and wallabies. These often feed at night and only their droppings betray their
activity. In rural areas these minor animals can concentrate on local favoured spots like a new sown
pasture.

Controlling grazing and allowing grasses to seed at least every 3 to 4 years is essential for the
retention of seed reserves of valuable grasses in Australian rangelands (Ralph 1993). The added
complication is that animals do not graze pastures evenly. Patches of heavy use are normal and can
cause big problems in uneven landscapes and large paddocks.

Pest control. At present we have few specific recommendations for controlling insect pests and
diseases on native forage crops. Often problems only appear once large areas are sown and a large
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enough source of eggs or inoculum builds up. Insecticides are probably available for many insect
pests connected to crop plants but use of such chemicals on unregistered native crops may leave you
unprotected under some workplace health and safety legislation. Be aware of that, especially if you
get employees to use the chemicals. The toxicity of such chemicals to the native plants will
probably be minimal but can never be completely discounted without testing. Keep good records of
all spraying operations. , |

One thing is almost certain, once a wild plant is domesticated it will suffer significant pest or
disease problems that were not a problem during the early phases of its domestication or
commercial use. Its long-term future will depend on how serious each problem is, how often each
event occurs and how many different problems occurs. Seed diseases seem to be the ones most I
commonly encountered. '

Monitoring revegetated sites. Monitoring of pastures is a relatively simple process but requires
diligence. Simply controlling stock numbers is not enough. Kangaroos will tend to congregate on
spelled areas (Andrew and Lange 1986, Grice and Barchia 1992) and all feral animals shelter in
dense islands of scrub from where they can prey on new pastures unless they are strictly excluded.
Safe utilization levels and strategic spelling have to be linked also to the growth patterns and hfe
histories of the key species in a pasture.

Prudent management in the first 2 years after sowing can make a big difference to the final pasture
composition. Management in year 1 will impact mostly on plant density, seed production and
woody weed suppression. In the second year the effects will be mainly to improve basal cover,
weed control and botanical composition. Success in managing a new pasture will depend on
people’s perceptions of what the pasture can do and, unfortunately, many have over-optimistic
perceptions of the long term productivity of pastures, both native and exotic. Many fail to
appreciate the effect of the huge nitrogen boost which occurs after ploughmg and in some cases the
extra rainfall trapped on rough new cultivation.

Management for seed production. A seed production area needs to be as uniform, monospecific
~ and as evenly grown as possible. There is a need for seed production areas in inland subtropical
areas to cater for native species that suffer from ergots in humid atmospheres, eg. B. ewartiana,
silky browntop, E. aurea. Greater seasonal daylength changes in spring and autumn in the
subtropics should also contribute to better synchronising of flowering. However the risk of early
winter frosts may be a problem with very late flowering cultivars.

Mice, bird and locust plagues are also a greater potential problem in the inland area than in
traditional seed growing areas such as the Atherton and Southern NSW Tablelands.

Management of rehabilitation areas. Access for machinery will often be a problem on sloping or
gullied areas, so fire or grazing animals offer the best hope for removing rank growth. Provided
animals are only used in short bursts, they do little physical damage to steep slopes with a good
vegetation cover. At present, pasture management on minesite rehabilitation is very minimal and
this is a problem (Silcock 1990). An undefoliated pasture has weak crowns and may conceal
serious gully erosion beneath a dense mat of mostly dead vegetation. In this state, a wildfire could
be disastrous because the lower crown cover levels left behind will do little to stop water erosion
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from overland flow.

Maintenance fertiliser (NPK) should be used for some years on eroded areas lacking much topsoil.
However very heavy rates should not be used as it encourages top growth rather than roots. Lime,
sulphur or gypsum may also be warranted on areas prone to excessive alkalinity or acidity. Other
special semi-engineering techniques may also be justified at weak points on sloping landscapes SO
that erosion foci do not develop. Overall, rapid response to changing circumstances is required for
these most fragile environments until a stable cover is achleved

At present the range of native species suited to such areas seems small, partly because very few
natives have the stoloniferous or rhizomatous crown structure so important for such roles. On
claypans there are many more options. Shrubs and saltbushes can be good in such situations where
cover and wind protection are the main goals. There is no compelling reason why native species
should be automatically suited for reclamation sites. The soils and environment are not 'natural’ so
it is a case of using the species with the most suitable characteristics. We must be mindful of
checking exotic species for weediness if the plant grows well but is uneaten, eg. Indigofera species.

General observations. Grass swards are much easier to maintain with a high purity compared with
legume or forb dominant ones. Grasses and weeds readily invade the latter and use of herbicides
are generally not an option. Self-sown legume seeds often have a high initial level of dormancy and
only provide regeneration 2-4 years after it falls, eg. variable glycine, Bullamon lucerne and
emufoot, P. tenax.

Don’t underestimate the power of post-sowing management to correct early deficiencies in a
new perennial pasture.
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