
Chapter 10

Tree Planting

In places where natural regeneration is impossible, tree planting remains the most reliable

method of tree establishment. Tree planting programmes have been in existence in Australia for

decades and techniques are well documented in several good texts and many smaller books and

pamphlets (eg. Anderson, 1936; Brown et al., 1968; Hawkins, 1988; Briggs et al., 1988; Venning,

1988). Despite this history there remains great pessimism about the viability of planting native

trees on the Tablelands amongst many grazier s and also ignorance about

the best techniques. Consequently in this study I set out to find and/or confirm tree planting

techniques for eucalypts (and incidentally other native trees and shrubs) which are successful

on the Northern Tablelands.

10.1 Review

Success with tree planting is dependant on what is done (or not done) at each of the four stages:

planning, site preparation, planting and post planting maintenance.

10.1.1 Planning

Any tree planting should ideally fit into a whole farm plan which looks at farm (or site) lay-

out, land classes and ecology, water supply, drainage, land degradation and stock management

(Campbell, 1987; 1988).

Of particular relevance here is careful selection of species. Every area has different combi-

nations of climate, geology, soil type, position on slope, topography and existing vegetation and

across the Northern Tablelands these factors vary considerably (Chapter 1).

Species have varying responses to soil moisture stress (as found for example by Bachelard,

1986a; 1986b), water logging and frost (eg. Davidson and Reid, 1987), soil types (Ellis, 1971;

Bachelard, 1986a) and many other variables. Consequently species have to be chosen carefully,

taking each of these factors into account plus the role the trees will be expected to play.

Poor species selection can lead to high losses. For example, in experiments reported by An-

derson and Batini (1984), Pinks radiata and E. globulus planted on a waterlogged site had much

higher losses than E. camaldulensis and E. robusta, both of which are adapted to waterlogging.

Where a species grows naturally often gives a good indication of what conditions it will grow in
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if planted, although some species can grow successfully in a greater variety of sites, than they

do naturally.

Increasingly in Australia indigenous native tree and shrub species are being planted in rural

areas because they are adapted to local conditions, are more likely to regenerate naturally,

provide habitat for local wildlife, maintain local gene pools and retain the local character (Anon,

1984; Campbell, 1987; Dept. C.F. 8/. L., ca. 1987). Where indigenous species are not used,

other Australian natives frequently are. The Northern Tablelands must be almost unique with

its predominance of exotic species (particularly Pines radiata) in farmland plantings.

On the Northern Tablelands very little has been published on native species suitability, the

best book being by the Society for Growing Australian Plants (1982). Lists of recommended

species for different sites have also been produced by Ministerial Working Group (1979b), the

Foresty Commission (1988), and Sheather (1988).

Two native species trials were started locally, before my study began. A joint trial run by

C.S.I.R.O., Agriculture Department, Forestry Commission and the University of New England

examined 11 species planted at four sites (Chiswick, Newholme, Glen Innes and Walcha) from

1977 to 1980 (Roberts and Sawtell, 1981). Small blocks of about 200 trees were positioned in

quite exposed situations.

There were differences between species and sites in growth, survival and insect attack, but

few consistent patterns. There was good survival at most sites of E. macarthuri, E. camphora,

E. cinerea and E. melliodora. E. nova-anglica, E. pauciflora, E. viminalis and E. ovata survived

well at some sites while poor survival at most or all other sites was found with E. blakelyi, E.

gunnii and E. globules ssp bicostata which were the species which suffered the most insect attack.

Best growth rates was observed in E. macarthuri, E. cinerea, E. camphora and E. nova-anglica,

particularly in basaltic sites and local and 'exotic' eucalypts were not consistantly different.

Insect attack was less in less dieback affected sites. Skeletonizing caterpillars were the most

important feeding group, defoliating trees in autumn winter - trees already weakened by summer

defoliation by Christmas bettles and chrysomelid beetles and larvae. Importantly, species per-

formed differently at each site - for example, E. pauciflora, E. nova-anglica and E. melliodora

grew well at Chiswick, which had waterlogging and heavy frosts, but not at Glen Innes.

The Department of Agriculture planted 5,666 trees and shrubs of a large number of mostly

local species and provenances at the Shannonvale Agricultural Station at Glen Innes - a very

exposed, cold, low site (Anon, 1987). Results were disappointing with mortality of 99% of shrubs

and 62% of eucalypts within six months of planting.due to frost damage. Highest survival rates

at the time were E. nova-anglica (79%) and E. stellulata (64%) - both species being native

to the site and similar sites elsewhere. E. acaciiformis (50% survival) was also good while

most other eucalypts had survival rates of only 5-20%. Hakea microcarpa, Callitris oblonga, E.

dalrympleana and Angophora floribunda also did well at that site (most of these species also

occurring naturally on lower slope positions). Arising from the trial was a list of 12 recommended

species for the area (Fitzgerald and Robinson, 1988).
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The poor results may have been in part due to not guarding the trees as most losses occurred

in the first winter which was very cold and dry. Also it showed very markedly that species native

to such a site often perform the best.

Species selection trials have been conducted elsewhere in Australia (eg. Clemens and Rad-

ford, 1986; Cotterill et al., 1985; Voller and Ryan, 1989; l ye et al., 1989). However mostly these

cannot be extrapolated to the Northern Tablelands which has a particular set of conditions -

notably the frost and rainfall patterns. Of most use perhaps are species trials conducted on the

Southern Tablelands (Harris, 1988).

In the absence of any detailed trials on the Tablelands, it is still advisable that landholders

test species which interest them on particular sites in advance of mass plantings and not rely

on inferring too much from trials elsewhere. There is an unfortunate tendency to extrapolate

from a species trial at a particular site to making broad generalization of species suitability for

a whole region or even other regions (eg. Siepen, 1986). Provenance of seed stock can also

exert an influence on the success of a planting. Very few nurseries label seedlings according to

provenance although it is gradually being introduced (eg. Armidale Tree Group Nursery). In

addition the vigour of the parent tree can influence the vigour of resultant seedlings (Jacobs,

1961).

In forestry operations overseas much selection of good provenances of eucalypt species has

taken place (Jacobs, 1961; Pryor, 1978). In terms of farm plantings in Australia certain prove-

nances of E. camaldulensis are recognised for their salt tolerance and are planted in saline areas

(Dennis Chatfield pers. comm., 1989), and some provenance selection has taken place for some

of the important timber species (eg. E. regnans - Pederick, 1976).

Different growth characteristics of various provenances of E. nitens have been noted by Shep-

herd et al. (1976) and higher altitude provenances are frequently found to be more frost resistant

than low altitude provenances (eg. E. pauciflora - Green, 1969; E. viminalis - Paton, 1972; other

species - Boden, 1961). Ladiges (1974a; 1974b; 1976) reported that young seedlings of differ-

ent provenances of E. viminalis had different characteristics of germination, early growth, and

drought resistance, according to the geology and rainfall of the seed source (provenances varied

from 640-1000 mm annual rainfall and basalt, granite and sand). Populations from moist sites

had rapid germination and more complete germination. Populations from low rainfall granites

had slower germination, shorter roots, slower growth rates and greater lignotuber development,

(some of these differences related to seed size - the smaller seeded varieties grew on the low

rainfall granites). They were also more drought resistant, probably due to an ability to keep

transpiring at higher moisture stress and to shut stomates more quickly once stress arose, and

also due to their slower growth rates, smaller leaves (and hence lower leaf temperatures), and

protoplasmic resistance to desiccation.

Despite the identification that different provenances can have different characteristics, selec-

tion of particular provenances for farm plantings remains an under researched area in Australia

and on the Tablelands it is virtually unexplored.
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10.1.2 Site Preparation

How a site is prepared (or not prepared), can have immense bearing on the success of a plant-

ing. Successful planters usually begin their site preparation 6-12 months before planting, with

'removal of competing vegetation and soil preparation to aid root penetration and moisture re-

tention. Standard techniques are to pre-rip 6-9 months before planting when the soil is moist

and to remove weeds by cultivating, grading or using herbicides (Table 10.1, Brown et al., 1968).

The following is a list of site preparation techniques which are suitable for native trees. Which

technique is used will depend on the site, species and available technology. Those marked with

* had not been used, as far as is known, on the Northern Tablelands prior to this study.

• Rip 6-9 months prior to planting. Chip weeds with mattock for diameter of 0.6-1.0m.

• Grade top soil at time of planting (winter) to remove topsoil and weed seedbank ( yenning, 1988; Chatfields,

1989). Erosion can be a problem. Niche grading has the same effect.

• Cultivate deeply, fallow and cultivate lightly 1-3 times to kill subsequent weed growth (Mathews, 1983).

• Rip (autumn); Spray 2-3 times with a knockdown herbicide such as Glyphosate (Roundup). For a spring

planting spray in autumn, early spring and again 1-2 weeks before planting.

• Rip (as above). Cultivate. Spray twice with Roundup (Campbell, 1986b; 1987) or other knockdown

herbicides (yenning, 1988). *

• Rip once or twice. Spray Roundup plus Vorox AA one month after opening autumn rains. Plant early

June (Dick Overheu, south west W.A. pers. comm., 1989).

• Rip (spring), Roundup in autumn. Residual spray (Vorox A.A.) at time of planting (mid-late spring)

(Rural Trees Australia - south west Victoria, John Fenton pers. comm., 1989; Yenning, 1988). *

• Rip (autumn), Spot spray with Roundup late August and Simazine early September for spring planting

(Hamilton Pastoral Research Institute, south west Victoria - Keith Cumming pers. comm., 1989). *

• Cultivate area and sow annual crop (eg. oats), harvest crop leaving stubble (to reduce competitive species

such as phalaris), rip, spray strips or spot sow; mulch. *

• Burn (yenning, 1988). *

It is best to get very good weed control close to the seedling (ie. within 1m), as with a

narrow strip spray, rather than indifferent weed control over a bigger area (Campbell, 1987).

Spraying should be done several weeks before planting to allow roots of weeds to die. All weed

control measures need to take into account possible erosion consequences; accordingly it is best

to plant on the contour.

Contact herbicides commonly used are Glyphosate (Roundup) and Paraquat plus Diquat

(Sprayseed and Tryquat), while common residuals are Atrazine (Gesaprin or Weedazol), Simazine

(Gesatop), and Propazine (Gesamil). Frequently residual and knockdown sprays are mixed to-

gether as in Gesatop 500 (Glyphosate plus Simazine), or Vorox AA (Atrazine plus Amitrol)

(Swarbrick, 1980; Dept. C.F. & L., 1987a; Hawkins, 1988).

Cultivation can favour some weeds (eg. Phalaris and many annuals) which thrive on distur-

bance. Herbicides can be dangerous to operators and seedlings, chipping is slow. Each technique

has advantages and disadvantages and has to be approached accordingly. Mowing or slashing
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Table 10.1: Planting techniques used by successful tree planters in Victoria. From Curtis and
Reeve, 1988b

POTTER FARMLAND BILL SHARP/RURAL ALBURY-WOEONGA PROJECT
	

BILL MEATHERLY HAMICUON PASTORAL
PLAN	 TREES AUSTRALIA CORPORATION 	 BRANCHOUT

	
RESEARCH INsTrrurE

SITE PREPARATION
SPRING
	

Roundup
	

(summer)
Cultivate, [auk*,
and deep rip

MUNN

SPRING

PLATTING TIME

GUARD

MULCH

Deep Rip	 Rip and fence

Roundup (August) Spray Vorox AA
(spot spray)	 (Sept.)

Spring -
several weeks
after prior
spray

Plastic guard	 R.T.A. guard
plus stakes

No	 No

Deep Rip and
cultivate or
Roundup

None, Row
staked, not
individual
trees. Vermin
proof fences

Rice Straw

Cultivate or
Roundup. Vermin
Eradication.
Fence site.
Purchase Trees

Bottletip or
chickenwire
"Slime"*f
used as a
deterrent to
hares and
rabbits

Black plastic,
straw, grass
clippings,
woodchips etc.

Deep rip

Spot spray
Roundup

Spring-January

Plastic A.R.C.
guard with
reuseable
metal frame

Deep Rip and
Fence

Spot spray
Roundup @ 71/ha +
Simazine @ 71/ha
(early Sept.)
10 m1/1

Spring
(Sept/Oct)
Two weeks after
spray

Rabbit and hare
guard

Spring	 Nay - July	 Autumn/Winter
Sept/Oct.	 dependant on

frosts

No	 Black plastic
sometimes
Mostly rely on
Simazine to give
residual weed
control through
to at least the
following autumn.

FERTILIZER
	

No	 No	 Slow Release
	

Optional Slow	 No
	

No
Release

VINTERING

Hai PLANTED

FOLU3N UP
MAINTENANCE

90% Hamilton
Tree planter*
10% machine

Very little
needed.
Sometimes
fusilade.
Remove guards
following
Autumn
Replace losses
in November
or following
autumn

Machine	 Hand
3" paper pots

None
	

3 month
schedule.
Chipping
(cultivation
replacing dead
trees rabbit
control,
fix fences

Hand	 Hand

If possible at	 At planting
planting or	 only
plant into
moist soil

Weed control
	

Weed within
in spring after plastic guards
planting
	

September •
(Roundup,	 following
hand weed, or
	 planting	 •

cultivate).	 Ebsilade used
Watering over
	

at light rates
summer if
	

to stop gass
necessary	 growth and
Replant losses	 seedling.
following autumn/ Remove guards
winter	 2 yrs. after

planting. No
insect control.

Hand
Hamilton
Tree Planter*.

No usually.
1/2 1 at
planting if dry

Roundup or
fusilade
follcwng spring
Prune and insect
control as
necessary after
first year

No	 No	 At planting
only

COST PER TREE $1.50 includes Approx $3.20
tree, tree guard,
3 stakes, spray,.pre-spray,
ripping,	 planting and
planting,	 guard but not
labour @ 15c	 pre-ripping
per tree or	 or fencing
40 c per tree
with guard. Does
not include
fencing, and is
based on large
number of trees.
Fence cost $0.60
-$2.00 per tree

$3.30 seedling
includes
consultant (14%)
fencing
(8 $5.56/m
vermin proof,
$3.50/m
stockproof),
ploughing
ripping etc.

$6.58
(@45c each)	 includes .
fencing, treeguard,
equipment, labour,
ground preparation
maintenance,
administration,
publicity, site
plan preparation
travelling,
monitoring, staff
training,
propagation.

Slime - put on trees to deter hares and rabbits where their populations are low. It offers protection for about 3 months. Take
10% kerosene and 90% animal fat. Heat and melt the fat. Remove fran heat, add kerosene and mix well. Forms a paste when cold.
Wear a rubber glove and smear a handful per tree. (Pinkard 1986).
+ R.T.A. guard - see plate 13
* Hamilton Tree planter - see plate 8.
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without any other treatment is inadequate due to weed competition. Waterlogged sites are

frequently mounded first.

10.1.3 Planting

The standard hand planting technique involves the following steps as described by Hawkins

(1988), Oates and Clarke (1987) and many others:

• Thoroughly soak trees in containers prior to planting.

• Dig hole 10-20cm deeper than depth of container.
,fertilizer.

• Place 30g of slow releasekinto bottom of hole and cover with about 10cm of soil.

• Fill hole with water (if soil is dry) and allow to drain.

• Remove plant from container, loosen roots if constricted and remove roots which have circled around the

sides of the container.

• Adjust depth of hole so when plant is placed in, the surface of the potting mix is 3-5cm below the level

of the surrounding surface (A. Campbell pers. comm. reported a high death rate if the lignotuber is put

below the soil surface).

• Back fill soil around root ball.

• Tramp soil firmly to consolidate and remove air pockets.

• Mulch.

The old technique of planting by spade, while still effective and widely used, is being replaced

with some recent innovations. The Hamilton Tree Planter, developed by Keith Currunins of the

Hamilton Pastoral Research Institute removes a small piece of soil the same size as the pot and

has the advantage of not disturbing the capillary action of the soil. This implement allows for

much faster planting as long as the ground is well prepared. Water is rarely used at planting,

except for a cup of water in the hole if it is dry, it is not necessary to tease the roots, and the

manufacturers cite survival rates of 89-98% in the first year (Farm, 1987a; Arborline, 1989).

A tree auger has been designed by C.S.I.R.O. which digs holes mechanically (Farm, 1987b).

Post hole diggers are sometimes used but have the disadvantage of glazing the sides of the hole

in clay soils. The `Treemotivator' developed by San Jericho in S.A. is another type of auger

which digs a hole and removes the surface soil and weed seed reserves from the hole (yenning,

1988).

There is also an array of tree planting machines which are pulled behind a tractor or (as in

the case of John Taylor's machine) are self propelled (Macintosh, 1986). Most of these work by

ripping the soil and placing the seedling in the soil through a tubed tyne. Two rubber or metal

press wheels firm the soil around the seedling in (eg. Shelterbetter, Nufab planter, Kimberley

Seeds Planter, Rural Trees Australia planter, Forestry Commission Machines - Macintosh, 1986;

Venning, 1988).

The Chatfield Tree Planter (Chatfields, 1989) has a grader blade in front of the ripping tyne

which removes the top soil completely and achieves weed control for 18 months. It eliminates
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the need for any other ground preparation of weeding and results have been spectacular. Some

other machines spray residual herbicide at the same time as planting (John Fenton pers. comm.,

1989). Tree planting machines are only more efficient than hand-planting for big runs of trees

(1000 or more).

A tree transplanting implement has been developed by Jim Hoffman in Victoria to transplant

volunteer seedlings for use elsewhere on the property (Campbell, 1986a).

Mulch

Mulch is frequently recommended for tree planting although its use is not universal. The

merits of mulch are in its capacity to reduce soil water evaporation and weed growth, stabilize soil

temperature, provide habitat for some insect predators (eg. spiders) and improve soil structure

through the addition of organic matter (Society for Growing Australian Plants, 1982; Dept.

C.F. & L., 1987b). To be effective the mulch needs to be spread 0.5 to 1.0 m all around the

seedling and for all pre-existing vegetation to be removed. Many gardeners mulch their entire

garden but for mass farm plantings this is not feasable.

The relative merits of different mulches have been examined both on and off the Tablelands

(see Table 10.2) and the mulch used in a particular planting often depends on availability.

With all mulches runners or large weeds can be a problem in which case the mulch alone will

not prevent weed competition, but generally the great advantage of a mulch is that it prevents

weed growth – the more durable the mulch the better it is for this purpose. Mat mulches have

always to be secured carefully either by pegs, rocks or soil to be successful.

Only the organic mulches add to the soil structure. Most have a high C:N ratio (eg. staw,

sawdust, woodchips etc.) which can apparently induce a nitrogen deficiency in the soil as the

soil microbes break down the material, causing yellowing of the seedling. However these sort of

mulches are used extensively without any problems (eg. Sheather, Hitchcock pers. comm.) and

it is possibly only a problem if the mulch is mixed with the soil. Tree roots, in any case, grow

deep quickly, and would be beyond a nitrogen depleted zone fairly quickly. If nitrogen depletion

is a problem it could possibly be prevented by addition of a nitrogen fertilizer. Organic mulches

can increase the possibility of frost damage by retaining water which can freeze. Some organic

mulches can provide a breeding ground for insect pests eg. crickets.

Ironside (1977) found that mulch was ineffective if the ground was not cleared of weeds first

and that the mulch should be 75mm or more deep. He tested pine bark nuggets, pine bark fines,

hardwood sawdust and shavings. All but the nuggets gave good weed control. He suggested

putting a light layer of bark on sawdust to avoid repelling of water. The same would presumably

work for other mulches with this problem.

Whitham (1982) compared various weed control techniques; mulches of pine bark, hay, saw-

dust, black plastic, hay over black plastic, scoria, newspaper, the herbicides Tryquat thrice a

year, Glyphosate thrice a year, Simazine twice a year, Simatrole D twice a year, hand weeding

twice a year, and no weeding. All the weed control mechanisms resulted in better growth, the



Tree Planting	 179

Table 10.2: Mulches and their relative merits

Hardwood sawdust
or shavings

Commonly used on Northern Tablelands, cheap and readily
available. Can repel water when compacted. This can be prevented
by dishing out or adding coarse materials (eg. woodchips, gravel),
or covering with a light layer of bark. Some nitrogen deficiency
problems.

•	 Durable, organic **	 1, 2, 3, 4

Hardwood wood-
chips

Durable, organic	 ***1, 2

Casuarina needles Durable, organic	 ***1

Coarse river sand,
gravel, crushed
rock

Satisfactory but weeds grow through eventually. Expensive and
hard to handle . Inorganic.

*1, 2

Softwood wood-
chips, pine bark
screenings

Durable, organic. Pine bark can have some toxic effects.

**1, 3, 4

Straw, hay Commonly used (eg. Albury Wodonga Development Corporation,
Table 10.1). Weed seeds can be a problem - prevent by choosing
seedless straw eg. rice, straw. Decays quickly. Can repel water.
Keeps soil cool, aids soil structure.

*1, 2, 3

Grass clippings Useful but generates high temperatures as it decays which
encourages some bacteria and fungi. Avoid by dishing, keeping
away from stem or using a guard.

*2

Pine needles *1

Leaf litter Useful but decays quickly.
*1

Compost Useful but temporary. Adds organic matter. Weeds seeds can be a
problem.

*1, 2

Seaweed Durable, hard to get, improves organic matter.
**2

Mat Mulches
Newspaper, card-
board

Lasts for one season. Doesn't allow water to penetrate. 4-5 sheets
or more, secure edges with soil or rocks. Effective weed control
but problems with soil structure.

*1, 2, 3

Shredded paper Useful, only lasts one season, can repel water.
*2, 3

Woven plastic
weed mat

Very good, durable, supposed to allow penetration of water,
inorganic, relatively expensive (approx. $0.80 ea.). 1m2 with hole
cut in middle; peg down or hold down with soil or car tyre, don't
cover with soil. Black colour absorbs heat - good for cold winter.

**2, 4

Sheet plastic Inorganic, durable, has to be pegged or held down. Doesn't breath
can encourage shallow root growth because moisture collects under
neath. Increase in temperature can damage roots. Used extensively
in horticulture.

*1, 2, 3, 4

Carpet or underlay
handling.

Organic or inorganic. Durable and effective, difficulties in
handling.

*2

Hessian Organic, durable.
**2

*** Excellent
** Good
*	 Useful but problems
-	 Poor

Based on: 1. Department of Conservation Forests and Lands, 1987b, 'Using Mulch when
Planting Trees'; 2. McDonald and Curtis, 1988; 3. Whitham, 1982; 4. Yenning, 1988.
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best being grass hay, black polythene, grass hay over polythene, and scoria. Of the herbicides,

Simatrole D and Roundup gave the best results. Best weed control came from black plastic,

hay on plastic, sawdust, pine bark, and paper. The sawdust, despite giving good weed control

seemed to stunt the plants and caused yellowing.

The Department of Agriculture at Glen Innes examined 9 different mulches, on E. acaci-

iformis in a phalaris/fescue pasture. Trees were planted in spring, 1986 and did not have frost

guards and many trees were killed by a late frost. Treatments which gave the best survival

and growth rates were mulch mat, hand weeding/no mulch, and hessian. Straw, or straw and

newspaper, gave poor results due possibly to reflection of warmth in winter resulting in more

frost damage. Wood chips, sawdust, sawdust and newspaper, wood chips and newspaper all

gave indifferent results (Anon, 1987 - Shannonvale; Fitzgerald and Robinson, 1988).

These results are confusing (like those of Whitham) as other planters on the Tablelands and

elsewhere have had good results with sawdust (eg. Warren Sheather pers. comm.), newspaper

and wood chips.

Fertilizer

Most tree planting manuals suggest the addition of fertilizer with the tree (eg. Hawkins,

1988), the common ones being balanced slow release pellets (eg. Nutricote or Osmocote), tablets,

or Starter 12. Various studies have found a response by tree seedlings to fertilizer (eg. Cromer

et al., 1981 with E. globulus ssp globulus, and Christensen, 1974 with E. diversicolor), and in

forestry operations fertilizer is commonly used to hasten growth. However, like mulch, many

succesful plantings take place without fertilizer addition (Table 10.1). Some native species

are sensitive to fertilizer and can be damaged by its addition eg. Proteaceae, Eparidaceae,

Goodeniaceae and Rutaceae (McDonald and Curtis, 1988). In E. diversicolor, Christensen

(1974) found that nitrogen was less important than phosphorus - phosphorus alone gave good

growth while nitrogen made no difference. High rates of fertilizer generally had no benefit and

indeed, in the case of nitrogen, caused high mortality. Thus good establishment and fast early

growth was gained using a fertilizer with a high P:N ratio at a fairly low rate (eg. superphosphate

at 28g per tree).

The organic fertilizer 'Dynamic lifter' made from decomposed fowl manure is now gaining

favour by some tree planters on the Tablelands (McKenzie pers. comm., 1989).

Water absorbant compounds

Water absorbant polymers or hydrogels (eg. Terrasorb and Austrosorb) are dried gel granules

which absorb moisture, form a gel and then slowly release the moisture (Anon, 1982). Their

attraction is their apparent ability to reduce the need for watering and to reduce transplant

shock and thus these substances can be used for transplanting seedlings and trees, direct seeding,

potting mixes and sowing seed crops (Landscape, 1983; Terrasorb, ca. 1983; Austrasorb, ca.

1983).
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Protection

For good growth, trees need to be protected against grazing livestock, hares, rabbits and frost.

There are many methods of protecting planted seedlings against one or all of these problems

(reviewed by Inall and Dryman, 1983; Beckhouse, 1987; Oates and Clarke, 1987; Venning, 1988).

Which method (Table 10.3) is used is determined by local needs, costs and the number of trees

to be guarded.

Where large numbers of trees are planted it is usually more economical to fence the lot if

protection from livestock grazing is required. On the other hand, where frosts, hares or rabbits

are a problem or where trees are planted individually, each tree needs a guard. Guards fall

into several categories: those which will protect trees against cattle (necessarily very sturdy

and about 1.8m or more in height eg. wire mesh staked with star pickets, metal drum - kymon

guard, electrified guards); sheep (less sturdy than cattle guards, about 1m high eg. wire netting,

plastic mesh, electrified guards); hares and rabbits (about 0.5m high, only have to last 1-2

years eg. plastic mesh, bottle top guards, R.T.A. fine nylon mesh guards); frost (about 0.3-0.5m

high, only have to last 1-2 years, usually also protect against vermin eg. car tyres, fertilizer

bags, plastic tubes, plasticized cartons); grasshoppers (eg. pantyhose, hessian).

Fencing techniques appropriate for plantation protection are outside the scope of this thesis

but are discussed by Enders et al. (1988). Shade cloth can be fitted to the lower part of the fence

to exclude vermin. Little work has been done in Australia with grazing management programmes

to encourage tree growth and keep the pasture in production, unlike the U.S. where stock are

frequently grazed in newly planted conifer plantations at certain times of the year. The grazing

keeps down pasture competition and thus aids tree growth, but it has to be timed so that the

stock do not damage the trees (Wood, 1972; Hederick, 1975; Cleary, 1978).

Various substances, applied to trees have been reported as repelling grazing animals eg.

slurry of goat manure and water applied to trunk to protect against goats and slurry of clay and

water to protect against hares (Inall and Dryman, 1983); twine soaked in creosote placed in a

ring around the seedling for rabbits 20cm from the trunk, sulphonated oil sprayed or painted on

bark, and selenium tablets (Venning, 1988). Slime - mixture of kerosine and animal fat gives 3

months protection against rabbits where their populations are not great (Pinkard, 1986).

Egg powder plus acrylic adhesive and red dye reduced browsing of pines by sheep in N.Z.

for 3-4 months and nicotine sulphate is also reported to act as a repellant (Knowles and Tahau,

1979). Most repellants have only a limited life and need to be reapplied to maintain their effect.

Use of unpalatable shrubs is being tried in wind breaks in W.A. in the outside row as a

substitute to fencing (Venning, 1988) and the use of unpalatable trees is also possible (eg. Hoop

pine not eaten by cattle - Inall and Dryman, 1983). None of these techniques have been tried

on the Northern Tablelands as yet.

The only trials using guards on the Tablelands prior to my study were by the Agriculture

Department who found that fertilizer bags yielded higher seedling survival than milk cartons

(Fitzgerald and Robinson, 1988).
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Table 10.3: Tree guards

Guard and Size Comments and Reference Approximate
cost each

Frost, hares & rabbits Should stack 2-3 high for hares. Durable. Free except for
Car, truck or tractor Take off before tree gets too big. Can wire transport
tyres or stake together. No stakes necessary.

1, 2, 3

Fertilizer bag Wash first. Short life (9-12 months). Negligible
3 stakes
1

Hessian bag Shading can produce a poor plant. Lasts $1.50
1-2 years. 3 stakes.
1, 2

Plasticized carton eg. milk carton. 1 or 2 litre sizes. Lasts for Free
1 year. Cut off bottom, easy to store and use.
Held by 1-2 stakes.
1, 2, 4

Grow tube, plastic lay- Promotes good growth, available singly or $1.50
flat tubing in bulk rolls. Lasts 2-3 years. Plastic tube

held by 3 stakes. U.V. stabilized.
1, 2, 3

ARC guard Steel frame and plastic - good protection
only half metre high. Frames can be blown
over. Lasts 2-3 years and frames can be
used many times.

$2.50

1, 2

Shade cloth Various widths, cut to size. Allows air
movement but too much shade. Durable.

$2.00

3 stake.
1

Plastic bags Various sizes, similar properties to grow
tube.
1, 2, 4

Black knitted propylene Bulk rolls, open weave - allows reduced air
flow and some shading. Good protection.
Last 3 years.
1

Tubex and flight One stake, durable (5-7 years), promotes
plastic tree tubes,
lOmm plumbers pipe.

growth by 'greenhouse' effept. Easy weed
control.

1.2m high, 80mm
diameter

Hares & Rabbits
Bottle top guards Tin plate mesh remaining after bottle top

blanks are cut out.Cheap but hard to handle.
1, 2, 3, 4

Plastic mesh Various widths and sizes. Durable and
reusuable many times.
1, 2, 3

R.T.A. guard Flexible plastic mesh, lasts 2 years.
2, 3

+	 In each case the seedling is 30cm high.

References: 1. Beckhouse (1987);	 2. Department of Conservation Forests and Lands (1987);
3. Venning (1988);	 4. Mall and Dryman (1983).
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Time of planting	 southern

The time of year that trees are planted varies between places and species. InAW.A. which

has a winter rainfall and no frost problems, native and exotic trees are mostly planted in winter

(Dennis Chatfield, pers. comm. 1989). In Victoria, which also has a winter rainfall but also

frosts, native trees are planted in winter, autumn or spring (Table 10.1).

On the Northern Tablelands autumn and spring plantings are usually recommended for

natives and winter plantings for exotics (eg. Forestry Commission, 1983). Some people have

also found winter and summer plantings to be satisfactory (eg. Sheather pers. comm.). Not all

planting manuals give good advice on timing, for example Oates and Clarke (1987) recommend

planting natives on the Tablelands in August and September only, possibly the least favourable

planting time for this region — local knowledge should always be sought.

Spacing

The optimal distance between trees varies with species, the role they are to play, and the

site. Common recommendations are that trees be planted 2.5-4m apart in rows 2-6m apart

and shrubs should be planted 2-3m apart (Forestry Commission, N.S.W., 1983), although some

native plant growers recommend closer plantings (Sheather pers. comm.). Species have different

tolerances to spacing - some are tolerant to competition and can be planted closely (eg. Douglas

Fir and P. radiata 2x2m), while others are intolerant and need to be widely spaced (eg. Poplars

6x6m) (Brown et al., 1968).

Schuster (1978) tested tree spacing affects on the growth and survival of E. diversicolor,

planting seedlings 1-6m apart. The closer spacings tended to produce taller and less branched

trees but had higher mortality rates probably from competition. For optimal results he recom-

mended a 3.7m spacing (747 stems/ha). Similar results were found by (Cameron et al., 1989)

where 15.4m spacing (42 trees/ha) resulted in trees 8.4m high after 3.5 years, compared with

11.4m high with a 6.5m spacing (304 trees/ha), and 11.8-11.9m when trees were spaced 1.7-3m

apart (1140 to 3580 stem/ha).

Little advantage was gained in planting trees less than 3m apart. Denser plantings (ie.

3.7m spacing compared with 5.3m) benefitted trees by reducing transpiration through mutual

shading, lowering wind speeds and air saturation deficits and lowering soil water content in the

root zone (Eastham, 1988). The production per tree was initially greater with the closer spacing

but later became lowest for the densest plantings because of low radiation interception and low

soil water content.

The spacing of trees also influences pasture growth. Cameron et al. (1989) reported that tree

spacing of 6.5m and over (ie. < 300 trees/ha) did not interfere with pasture growth within 3

years of growth (trees 10-11rn high). Eastham (1988) found that trees planted like this reduced

evaporation from pasture and aided pasture growth. Higher density plantings (spaced 2m apart)

used overall more moisture from an area than widely spaced trees (11m) (Eastham et al., 1988).

The higher density trees used water from a greater depth while the widely spaced trees used

water from the surface layers and hence depleted soil water less.
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Nursery stock

For mass plantings tubestock are usually used throughout the country. Jiffy pots, paper

pots, polystyrene foam cellupak trays, net pots, plastic bags, Hawaiian dibbing tubes and QDF

tubes are other variations on the same basic theme ( yenning, 1988). Whitham et al. (1986)

compared seedlings planted in 12 L and 5 L pots, 20cm deep tubes and 15cm deep tubes. Larger

pots are more expensive, require more space in nurseries, are difficult to handle and transport,

often require more post planting maintenance and are more likely to have root defects such

as kinked, girdled or circled roots. In their favour they are more visible and are less prone to

vandalism and are thus good for urban plantings. Whitham et al. (1986) found that although

larger container plants had a larger initial height, tubed seedlings had almost caught up in 2

years. The larger pots gave slower height growth as the seedling put energy into growing a

thicker stem. Clemens and Radford (1985; 1986) found that survival rates were the same in

both tube stock and advanced seedlings, and that tube stock caught up to advanced plants after

3 years (for slower growing species such as Cupressus) and 6 months to 2 years for fast growing

species eg. eucalypts. Campbell (1986b) reported that 15cm tubes were less affected by dry

spells immediately after planting than 7.5cm paper pots and thus had better survival.
he ight

Having seedlings with a very high stem4to girth ratio (ie. nursery stock with long thin

`leggy' stem) often gives rise to inferior plants as energy has to be put into stem diameter

growth (Whitham et al. 1986). Staking also causes floppy weak plants and should be avoided.

Potting medium can sometimes influence seedling survival. For example Clemens and Rad-

ford (1985; 1986) found Hakea saligna had poor survival (0.2%) when grown in a light soil mix

(6% top soil) compared with 75% survival in a heavier potting mix (53% top soil), although for

most species they found that potting medium was not critical.

It is important to plant hardened stock - ie. plants that have not been shaded or in protected

storage for some time and are acclimatized to local conditions.

The shape of the pot can influence the quality of seedlings. Square native tubes have few

root curl problems — whereas with round tubes, roots curl around the tubing causing problems

later. In native tubes the roots hit the side of the pot and grow straight downwards, being

pruned when they emerge below (Arborline, 1989). QDF tubes and Hawaiian dibbling tubes

achieve the same result by having ribs down the side of the tube ( yenning, 1988).

10.1.4 Post Planting Maintenance

The amount of post planting maintenance required depends largely on the planting and prepa-

ration techniques used. Weed control is particularly important for tree growth in the first year

after planting (eg. Whitham, 1982; Ellis et al., 1985). An area of 0.5-2m diameter around the

seedling should be kept clear of weeds for optimal growth.

Weed control
Where weed control was good prior to planting, subsequent weeding is frequently unnecessary.
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For example mulches, residual herbicides, or grading, all minimize the need for follow up weeding

(see earlier sections).

Native pasture is usually much less vigorous than improved pasture and presents less of a

weed problem which is easily controlled by mulch.

However in some situations follow up weeding may be necessary and usual methods are to

hand weed or to spot spray with a knockdown herbicide (eg. the broad spectrum Roundup

or Fusilade). Clemens and Starr (1985) compared seven weed control techniques: mowing,

handweeding, black polythene, hardwood chips and leaf litter mulch, contact herbicide, contact

plus residual herbicides. All weed control techniques except mowing promoted growth over

controls.

With sprays such as Roundup considerable care has to be taken that it doesn't touch the

tree. In addition some movement of Roundup through the soil has been suspected at the

Shannonvale Agriculture Station causing toxicity problems (Campbell pers. comm.). Fluazifop-

butyl (Fusilade) is useful in having knockdown and residual effects against perenial and annual

grasses and can be sprayed over a range of eucalypts, acacias and casuarinas without harming

them (Hall, 1985; Hill and Wallace, 1986).

Light cultivation also is advocated to control weed growth, where the initial pre-treatment

was cultivation. This can work well as long as the machinery gets no closer than 20cm to the

seedling, to avoid root damage.

Ellis et al. (1985) found that hand weeding gave better growth than Roundup (though

both methods gave better results than no weeding at all) and suggested the herbicide initially

immobilized nutrients by releasing available carbon from plant residues.

That weeds compete for nutrients, moisture and light is well known. What is only now being

accepted is that many weeds can also exert a strong allelopathic effect (Muller, 1969; Harris

and Kimber, 1983). For example Canada thistle (Cirsium arvense)has been demonstrated as

being phytotoxic against many crops (Wilson, 1981), grass has allelopathic effects on fruit trees

(Pickering, 1917) and Polygonum aviculare is strongly allelopathic and suppresses pasture medics

and lettuce through production of inhibitory substances in the leaves (Kloot and Boyce, 1982).

It is quite likely that the vigorous pasture grass Phalaris aquatica, produces substances which

inhibit native tree seedling growth (Christine Jones pers. comm., 1988).

Eucalypts have been demonstrated as being allelophatic against their own seedlings and some

other native species (Lovett, 1986) however no work has yet been done in using allelopathic

responses of certain species to suppress weed growth in tree plantations.

Watering

Inall and Dryman (1983) outline many ways of individually watering trees, all of which are

variations on having a container beside the tree which releases water at a given rate. Other

methods involve installation of a drip irrigation system which delivers a set rate of flow and can

be moved after 2-3 years. These methods are expensive and can add considerably to the cost of

each tree. Consequently many planters prefer to do without watering at all, timing planting to
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coincide with good soil moisture, or if they do water it is at the time of planting only. Indeed

many planters argue that watering encourages a weak, drought prone plant and no watering

forces tree roots down deep (Bill Weatherly pers. comm., 1987). The need for water varies for

species and soil type. For example Clemens and Radford, 1986) found greater losses planting on

light free draining soils than clay soils because of easy drainage and subsequent water stress and

that irrigation reduced losses. Thus irrigation may be more critical on light soils. Mulch and

good weed control reduce the need to water as can selection of species which are not susceptible

to droughting. If watering is done - all manuals are unanamous in recommending infrequent

deep soaks rather than frequent light waterings.

Survival

Because of the expense involved, tree planters naturally desire a very good survival rate from

their trees, and all the methods described in this chapter are employed to this end. The question

remains what survival rates would be considered successful?

The Potter Farmland Plan, after planting 160,000 trees in south-west Victoria had a survival

of 94% after their first season. This dropped to 88% after a dry summer. To achieve this success

rate the site was deep ripped, sprayed with Roundup and each tree guarded with U.V. treated

plastic tube. Less than 5% were watered at planting (Campbell, 1986b; 1988). The Hamilton

Pastoral Research Institute achieved 89.5 to 97.3% survival rates 6 months after planting some

23,000 trees (Arborline, 1989).

Thus survival rate of at least 90% should be achieved one year after planting and 80% survival

in subsequent years would generally be considered successful.

To some extent trees should be planted at a rate to allow for losses.

10.2 Overview of trials: methods

Ten tree planting trials were established comprising 15,000 trees. Beginning in 1982, the first

trials tested a range of treatments and species in experiments involving 200-450 trees per trial.

The planting of Malpas Dam in 1986/87 of about 12,200 trees and shrubs comprising 33 species

used basically one planting technique over a range of soil types, aspects and positions. In 1987

a further trial was established at four sites to retest some of the earlier treatments plus some

additional ones. The trials are summarized in Table 10.4.

Species In all 46 species of trees and shrubs were planted including 16 eucalypts native to

the Northern Tablelands. Species other than eucalypts were included to compare growth rates.

Provenance Most species were grown from Northern Tablelands seed stocks. Indeed as far

as possible, seed was collected from the site to be planted or close by.

Seedling supplies Most of the seedlings were propagated by the Armidale Tree Group in

15cm long square native tubes using a potting mix of approximately 2 parts composted sawdust,

2 parts river sand, 1 part loam, and a few pellets of Nutricote slow release fertilizer. The

Belhaven trial used seedlings grown in 1 L milk cartons with a mixture of loam and crusher sand
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Table 10.4: Summary of Tree Planting Trials. See text for further details of many of the
treatments.

Planting 1987 Trials

Belhaven
1982

Miramoona
1985

Ruby Hills
1985

Salisbury
Court 1985

Yalgoo
1985

Ma1pas Dam
1987

Miramoona
1987

Woodpark
1987

Yalgoo
1987

Salisbury
1987*

Planting date 25 Mar 1982 20.10.1985 22.1.1985 24.3.1983 3.11.1985 Jan-Sept '87 15.10.1987 21.12.1987 23.10.1987 29.10.1987

Soil Preparation Ripped (10+

Chisel

Ripped (lb) Ripped (lb)

Mown and

Ripped (lb) Burnt,
Roundup,
disc cult.

Ripped (lb) Ripped (lb)/
Cultivated 6
times, discs

Ripped 5 Dec
(1b)/Cultivate
twice Oct &

Ripped (1b)
Cult. (2b)

Cultivated,
chisel
ploughed

ploughed (2a) sprayed with twice and (2c)/Roundup + Nov 2b/Round- Roundup + (2b) twice
Roundup 1
week before
planting.

harrowed Simazine
(2.5-3 L/ha)
Oct./ Roundup
(4 L/ha) Oct.

up +
Simazine/
Roundup 180
-200m1/15L

Simazine/
Roundup
twice before
planting.

before
planting.

Chipped.
(= high rate)
twice Oct &
Nov./ Chipped.
Chipped.

Planting Technique
Mulch No mulch/ Mulch (saw-

dust)
Mulch (black
-plastic)

Mulch (wood
chips)

Mulch (saw-
dust)

Mulch (saw-
dust)

Mulch (wood
chips)

Mulch sawdust vs no mulch

Guard No guard No guard No guard Guard (milk-
carton)/No
guard

No guard No guard/	 No guard/milk carton/gro tube/Rural Trees Australia guard.
Milk carton

Fertilizer No fertilizer Fertilizer No fertilizer/
fertilizer

No fertilizer Fertilizer	 Fertilizer/No fertilizer

Terrasorb No terrasorb No terrasorb No terrasorb Terrasorb/ No terrasorb No terrasorb	 No terrasorb
No terrasorb

Hand or machine Hand planted Hand planted Hand planted Hand planted Hand planted	 Hand planted vs machine

After care water No water/
Twice after
planting

No water Drip irrigation
installed but
only used a few
times.

No water No water Water twice	 No water
after planting
if dry.

Weeding None None Mown at 18
months

No weeding	 Follow up one year after planting with spot spraying
(Roundup-Miramoona). Fusilade (Yalgoo); light
cultivation (Salisbury) or nothing (Woodpark).

Experimental design Split plot. 7 Randomly Split plot. Split plot. Same Comparison	 Split plot.

seedlings of planted. 2 Each plot Each plot planting of species	 Each site (except Salisbury which was all cultivated) had one

each species in areas planted with a comb, with a comb- treatment growing in	 replicate of each soil preparation (chip, cultivate, Roundup,

each plot (Fig. area 1=site 6b ination of ination of throughout, different Ice-	 Roundup+Simazine). Within each plot fertilizer and mulch

10.1).	 2 area II rocky fertilizer and terrasorb and comparison ations.	 sub plots were randomly located. Within these were one of

Replications of -hill, native mulch, 2 trees guard, un- of species. '3E.each guard treatment each randomly located. 	 stellulaia

each treatment. grasses. of each equal number seedlings per sub-sub plot. Machine vs hand planting 2-

species. 3 of each reps of each treatment per site, 10 E. stellulata seedlings

replications
of each plot
randomly
arranged over
site.

species. 3
replications
if each treat-
ment at both
cast and west
positions of
site. Trees
within plots
and plots
within site
arranged
randomly.

per rep - all mulched, unfertilized, Roundup and milk
carton.

,

See text for meaning of these codings.
* Salisbury Court, watered twice after planting. All survivors mulched with woodchips in December and cultivated with chisel plough again in January.
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— this mixture was too heavy and was not used again. Further details of the treatments referred

to in Table 10.4 are given below.

Soil Preparation
la Deep Ripped 1 week before planting (45cm depth).

lb Deep Ripped 1-2 months before planting (30-45cm depth).

2a Chisel ploughed 1 week before planting (15-30cm depth) (Plate 10.3).
2b Disc ploughed twice before planting.

* Roundup spray twice before planting in spring; sprayed at recommended rates (Plate 10.6).

* Roundup and Simazine sprayed at recommended rates. Sprayed in spring.

* Chipped with mattock for radius about 0.4m around seedlings to remove all vegetation.

* Graded.

* Burnt, Roundup, burnt, disced twice, harrowed.

Planting technique
Mulch

*Mulched with woodchips - diameter about 50cm around the seedling and to a depth of about 10cm

(Plate 10.1).

*Mulched with sawdust — diameter of 50 cm around the seedling and about 10 cm deep (Plate 11.2).

*Black plastic lm square, held in place with soil on corners.

Guard

*Milk carton (1 or 2 L), bottom cut off, held in place with a wooden stake (Plate 10.2).

*Rural Trees Australia guard (open nylon mesh held in place with 3 bamboo stakes (Plate 10.3).

*Gro-tube (plastic tube held in place with 3 wooden stakes) (Plate 10.4).
Fertilizer

*Half teaspoon Nutricote, slow release fertilizer. (approx.2g)
Terrasorb

*One tablespoon in bottom of hole and mixed with some soil (Terrasorb, 1983). (approx. 20g)
Watering

*All trees were watered at planting or within a few days unless good rain fell.

Planting method

*Machine planted. The Armidale Tree Planting machine was used. This machine was built by John

Taylor of Kentucky, is 3/4 tonne, and fits onto a 3 point linkage of tractor. A ripping tyne opens a furrow

into which the seedling is placed and two heavy press wheels press down the seedling.

*Hand Planted. Most seedlings were planted by hand. A Hamilton Tree Planter was used in the

`1987 trials'. All other seedlings were planted using trowels or spades.

After care
Water

*Natural rainfall.

*Dripper system.
*Hand watered.
Weeding

*Roundup spot sprayed.
*Fusilade.
*Hand weeding.
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No insect control was done in any experiment.

Monitoring

Trees were measured 1-2 times each year, usually toward the end of the growing season or in

winter. Height, survival, and reason for death (if discernable) were recorded on standard data

sheets.

Analysis Analysis of variance was performed using the NEVA and SPSSX statistical software

packages to compare survival rates, and BMDP and SPSSX to compare growth rates of survivors.

10.3 Individual Trials

10.3.1 Site Preparation

Two trials were specifically designed to compare site preparation techniques. The first (Belhaven

1982) compared ripping to chisel ploughing (Fig 10.1) and the second ("1987 trials") compared

chipping, cultivation, Roundup, and Simazine treatments (Fig 10.2).

Result s

Ripping versus cultivation - Belhaven 1982

There were some unexpected site factors which influenced the results of this experiment. A

portion of 5 (out of the 16) plots were affected by seepage from the septic tank, pig shed and

house (Fig 10.1). These had vigorous growth of Paspalum and Erodium and other weeds which

other plots lacked. Despite this complication there were clear trends.

No significant difference could be detected between the ripping and cultivation treatments

in seedling survival. The riplines subsided with all the rain soon after planting and should have

been done much earlier to avoid this problem. In the ploughed area a very vigorous sward of

Trifolium repens grew over the winter (Plate 10.1). This was followed in the area effected by the

drains with a vigorous growth of Erodium sp. Both of these contributed to the deaths of many

of the smaller seedlings, particularly the unmulched ones. In the rest of the ploughed area the

clover died over summer and scattered weeds grew such as dock (Rumex brownii). In the ripped

area the grass sward stayed much the same height for most of the year.

Chipping, cultivation, Roundup and Simazine comparison - .1987 Trials

This experiment took place over four sites (Fig 10.2). At Salisbury Court the whole site had

the same treatment (cultivated), thus it was excluded from some analyses. E. stellulata was

used throughout, and all treatments were pre-ripped.

Most of the treatments performed similarly with no significant difference between the best

or worst treatments when pooled over all sites, or sites when pooled over all treatments (P >

0.05). Survival was 80-90% mostly and seedlings grew from 20-30cm at planting to an average

of 1 m, 18 months after planting (Table 10.5 and Table 10.6). Most deaths occurred in the first

six months after planting.

The main exception was the treatment Simazine which resulted in very poor survival at
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Figure 10.1: Tree Planting Trial - Belhaven 1982. Arrangement of plots.
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Yalgoo. The Salisbury Court planting had the same site preparation treatment throughout
(cultivation) but all the other treatments were the same.
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Table 10.5: Survival of E. stellulata seedlings for four pre-planting treatments at four sites 18
months after planting. Values axe means over all replications and plots. 192 seedlings per site
and per treatment. Values within rows and columns that are significantly different (P < 0.05)
are indicated by different letters.

Survival of Seedlings (%)

SITE

TREATMENT 1 2 3 4 Mean Survival
Miramoona Woodpark Yalgoo Salisbury (%) for each

treatment
(192 seedlings)

Chip 79.2 a 93.7 a 87.5 a - 86.8
Cultivate 83.3 a 89.6 a 91.7 a 83.9a 85.7 (88.2 if

site 4 is excluded)
Simazine 81.3a 83.3a 27.1 b 63.9
Roundup 83.3 a 95.8 a 72.9 a 84.0

Average survival
for whole site

81.8 90.6 69.8 83.9

(192 seedlings)

Yalgoo (significant at P < 0.05). Simazine also seemed to result in poorer growth at Yalgoo

and Woodpark but very good growth at Miramoona. Rather than an actual s'te different the

probable reason for this was a lack of calibration between operators – each site eing sprayed

by a different person. The potential for this technique was revealed at Miramoona where weed

control was very good (few weeds appeared within the first year after planting), tree growth was

excellent, and survival was good. However it is also clear that care is needed with the spraying

rates and a follow up trial is required to establish the most suitable application rate. Roundup

also resulted in a slight depression in survival at Yalgoo.

Table 10.6: Growth of E. stellulata seedlings for four different pre-planting treatments at four
sites 18 months after planting. Values are meaned over all replications and plots for all surviving
seedlings

Mean height of seedlings (cm) 1 SD

SITE

TREATMENT 1 2 3 4 Whole
Miramoona Woodpark Yalgoo Salisbury treatment

Chip 130±42 94±27 94±35 - 105±39
n=38 n=45 n=42 n=125

Cultivate 119±44 83±27 95±44 90-133 94±37
n=37 n=43 n=44 n=161 n=285

Simazine

Roundup

144±39
n=38

125±37
n=40

77±33
n=40

95±31
n=46

75±38
n=13

95±47
n=35

(if site 4 is excluded)
98±41
n=124

105±49
n=91

105±40
n=121

Whole site 129±41
n=153

88±30
n=174

93±42
n=134

90±33
n=161



Tree Planting	 192

Although not showing up as statistically significant, Woodpark had higher overall survival

than the other sites and Yalgoo had lower overall survival (due to the poor rating of the Simazine

treatment). Miramoona had significantly better growth rates (P < 0.05) than the other sites,

possibly due to its fertile soil. Being on a side of a hill may have also contributed — the other

three sites were all flat.

Grading

On one site (Yalgoo) a pre-treatment of grading was used. This is discussed in the following

section.

10.3.2 Planting Technique

For most of the planting trials, seedlings were planted by hand following the basic technique

described in section 11.1.3 — that is weeds were chipped with a mattock (unless a spray was

used), the seedling eased out of the pot, its pot bound roots freed, placed into the hole, and

pressed in by foot. The 1987 trials used the Hamilton Tree Planter, while the others used a

trowel or spade; no comparison was made between these two methods. The 1987 trials included

a comparison of hand planting using the Hamilton Tree Planters and the tree planting machine

of the Armidale Tree Group.

In the comparison between hand and machine planting all the plots were pre- sprayed with

Roundup, trees were mulched with sawdust, unfertilized and had a milk carton guard. E.

stellulata was used throughout and two replications of each treatment were at each site.

Results

There was little apparent difference between machine and hand planting in survival when

the three sites were pooled (Table 10.7) . - This result was not uniform over the sites

with Miramoona's survival being depressed by machine planting and Woodpark's being slightly

boosted — (Miramoona machine planted 75%; hand planted 90%. Woodpark machine planted

88%; hand planted 80%). There was litle difference between the two techniques at Yalgoo.

Overall growth seemed to be aided with machine planting but this difference was due to

the very good growth of the machine planted seedlings at Miramoona (mean height 131cm

compared with 90cm for hand planted). At the other two sites no real difference could be

observed in growth between the two techniques.

Machine planting certainly compared favourably with hand planting with survival rates at

75-88% versus 79-90% for hand planting and mean growth rates of 60-130cm (machine) compared

with 65-90cm (hand planted).

Within the machine planting plots, two species were compared (Table 10.8). A. dealbata

performed better than E. stellulata throughout but particularly at Miramoona where, 18 months

after planting, A. dealbata had a 93% survival compared with 67% for E. stellulata and a mean

height of 200cm compared with 98cm for E. stellulata (Plate 10.8). Some A. dealbata trees grew

to 3.5m in only 18 months! Over all the sites A. dealbata survival was 80-98% while E. stellulata
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Table 10.7: Comparison between hand planted and machine planted E. stellulata seedlings at
three sites, 18 months after planting (seedlings planted spring 1987). All sites sprayed with
Roundup twice before planting. All seedlings were unfertilised, mulched with sawdust, and
guarded with milk carton guards (Plate 10.6).

Site Machine Planted Hand Planted

Miramoona
Woodpark
Yalgoo

Number
planted

Survival
(%)

Mean
ht.(cm)

Number
planted

Survival
(%)

Mean
ht.(cm)

16
60
21

75
88
76

131
77
60

20
20
19

90
80
79

90
76
65

Total	 97 84 82	 59 83 77

Table 10.8: Comparison between machine planted A. dealbata and E. stellulata seedlings at four
sites, 18 months after planting (planted spring 1987). All sites except Salisbury were pre-sprayed
with Roundup. All seedlings were unfertilized, mulched with sawdust, and guarded with milk
cartons (Plate 10.6).

Acacia dealbata E. stellulata

Site Number Survival Mean Number Survival Mean
planted (%) ht.(cm) planted (%) ht.(cm)

Miramoona 60 93 200 54 67 98
Woodpark 61 98 131 60 88 77
Yalgoo 60 80 69 59 73 64
Salisbury* 60 95 90 57 93 99

241 92 125 230 80 84

* Salisbury site was all chisel ploughed, not sprayed with Roundup as in the other sites.

+ Uneven numbers planted due to a contamination with a few E. pauciflora seedlings.

was 67-93% and mean heights were between 69 and 200 cm for A. dealbata and 64 to 99 cm

for E. stellulata. The great advantage enjoyed by A. dealbata at Miramoona was also seen at

Woodpark. At Yalgoo and Salisbury the differences were not great between the two species.

Finally the machine planting technique was used at one site (Yalgoo) on a 2m wide strip of

graded ground, with 70 individuals of 7 species (uneven numbers of each). Trees were unguarded.

Overall survival was 91% with survivors having a mean height of 77cm 18 months after planting.

A. filicifolia performed best but all species did well (Table 10.9).

10.3.3 Mulch

Three trials examined mulch. At Belhaven (1982) woodchip mulch was used over two ground

preparations. At Ruby Hills black plastic was used in the presence and absence of fertilizer,

and in the 1987 trials sawdust was used over four different ground preparations, four sites, in

absence and prescence of fertilizer, and in conjunction with four types of guards.

Results

Belhaven 1982

Woodchip mulch significantly (P < 0.05) improved survival where the site was first cultivated
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Table 10.9: Machine planting on graded ground - comparison between 7 species 18 months
after planting (planted spring 1987). All seedlings unguarded, unfertilized, and mulched with
sawdust.

Species
Number
planted

Survival.
(%)

Mean
ht.(cm)

A. filicifolia 11 91 113

A. rubida 8 100 71

E. nova-anglica 17 94 75

E. pauciflora 14 90 78

E. stellulata 3 33 70

Leptospermumflavescens 10 100 62

E. stellulata x caliginosa 2 100 25

Total 70 91 77

Table 10.10: Effect of woodchip mulch on seedlings planted in ripped and cultivated plots —
Belhaven 1982 planting. Values within columns that are significantly different (P < 0.05) are
indicated by different letters.

Survival (%)

Ploughed	 Ripped

Mulched
	

72 a	 54 x

No mulched
	

34b	 69x

Values are averaged over all species (E. blakelyi, E. melliodora, E. viminalis ) and are
adjusted means of the 84 seedlings in each treatment, 10 months after planting.

by reducing competition from the vigorous growth of clover and other weeds (Table 10.10, Plate

10.1). Where the site was ripped only, no advantage could be demonstrated in adding woodchips,

although unmulched seedlings did appear more spindly than mulched ones. These seedlings were

planted in an autumn that was very wet, thus the mulch was not necessary for its moisture

conserving role, but it did demonstrate its ability in reducing weed growth.

Ruby Hills 1985

No obvious improvement in survival could be demonstrated using black plastic mulch at

this site, which was dominated by the vigorous grass phalaris (Table 10.11; Plates 10.9, 10.10).

There was a slight improvement in growth which was fairly consistent over all the species but of

no biological significance. After 50 month's growth, this advantage averaged 17 cm for seedlings

which were on average about 1.5m high.

1987 Trials

Sawdust mulch generally improved growth and survival of seedlings but only by small

amounts. When all the treatments and sites were pooled (except for Salisbury Court which

was excluded from the analysis because the landholder mulched all the trees surviving 4 months

after planting), mulch improved survival from 80% to 83% and growth from a mean of 96cm

to 103cm (Table 10.12). Although the results are not significant statistically, they were fairly

consistent over sites and treatments. Thus slight improvement in survival due to mulch addition
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Table 10.11: Results of Ruby Hills Jan 1985 planting 18 and 50 months after planting. Eight
species, 2 of each per cell.

Fertilizer
Survival

(%)
Mean

ht.(cm)

No Fertilizer
Survival

(%)
Mean

ht.(cm)

Mulch
Survival

(%)
Mean

ht.(cm)

No Mulch
Survival

(90)
Mean

ht.(cm)

Total
Survival

(%)
Mean

ht.(cm)

18 months after planting •

E. cinenea 41.7 66.2 50 76.5 66.7 69.9 25 77 45.8 71.8
E. cremdata 50 98.2 100 86.8 83.5 89.7 66.7 91.8 75 90.6
E. michaeleana 0 0 0 0 0 -
E. paucifIora 50 75.5 41.7 86.2 33.3 66 58.3 88.6 45.8 80.4
E. stellulata 83.3 77.4 91.7 38.2 75 95.8 100 88.5 87.5 83.0
Grevillea Canberra Gem 25 59.7 33.3 62.3 16.7 57 41.7 62.8 29.2 61.0
Hakea microcolpa 100 60.9 100 59 100 61.2 100 58.8 100 60.0
Melaleuca erubescens 0 0 0 0 0 -

Total 43.8 72.8 52.1 77.2 46.9 72.2 49.0 78 47.9 75.2

50 months after planting
E. cinerea 41.7 146 50 135.8 66.7 143.8 25 131.7 45.8 140.5
E. crerudata 583 240.7 100 213.3 83.3 253.0 75 190.5 79.2 223.4
E. michaeleana 0 0 0 0 - 0 -
E. pauciflora 50 140.8 25 156.7 25 115 50 161.7 37.5 146.1
E. stellulata 75 148.3 83.3 191.5 66.7 185 91.7 160.9 79.2 171.1
Grevillea Canberra Gem 16.7 122.5 8.3 110 16.7 122.5 8.3 110 12.2 118.3
Hakea mkrocarpa 91.7 104.1 91.7 104.1 91.7 107.8 91.7 100.5 91.7 104.1
Melaleuca erubescens 0 0 0 0 - 0 -

Total 41.7 149.6 44.8 163.1 43.8 165.1 42.7 147.9 43.2 156.6

occurred at all sites except Woodpark, and in growth at all sites. Mulch improved growth for

all treatments except Simazine and survival in all treatments except (bafflingly) cultivated.

The increased survival and growth due to mulch at each site occurred, whether or not

fertilizer was used (Table 10.13).

10.3.4 Fertilizer

Fertilizer was examined in the 1985 Ruby Hills trial and the 1987 trials. In all trials the result

was much the same. The addition of slow release fertilizer resulted in no obvious improvement

in survival or growth - if anything it had the opposite effect.

In the 1985 trial the slightly negative response to fertilizer was consistent over all the species

and mulch treatments (Table 10.11) When all species and mulch treatments were lumped to-

gether the effect of fertilizer was to reduce survival from a mean of 45% to 42% and reduce

the height of the survivors from a mean of 163 to 150 cm, 50 months after plantings. These

slightly negative responses differences were evident 18 months after planting and remained to

50 months.

In the 1987 trials a result similar to the above was found. When all the sites, treatments

and subtreatments were pooled, survival was improved slightly with the addition of fertlizer

(from 79% to 84%) but this was not significant at P > 0.05 (Table 10.14). This rise was

not consistent over all treatments however. In the chipped and Simazine treatment, fertilizer

increased survival fairly consistently over the sites (except for Yalgoo Simazine) while in the

cultivated and Roundup treatments fertilizer depressed survival at virtually all sites. Overall,

fertilizer slightly improved growth (98 to 102 cm), although again this was not statistically

significant. This slight improvement in growth was observed for all treatments except chipped.

Within the mulch treatments the responses to fertilizer were similar and was unaffected by
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Table 10.12: Survival and growth of E. stellulata seedlings for four pre-planting treatments and
at three sites, 18 months after planting. Values are meaned over all replications and plots.
n = 96 per cell. Differences between mulched and unmulched treatments and sites were non
significant (P > 0.05) as indicated (NS).

Miramoona Woodpark Yalgoo Total over all sites

Survival Mean Survival Mean Survival Mean Survival Mean
(%) ht.(cm) (%) ht.(cm) (%) ht.(cm) (%) ht.(cm)

Mulch 87.5 144 91.7 95 91.7 100 90.3 113
Chipped NS NS

No mulch 70.8 113 95.8 92 83.3 87 83.3 97

Mulch 79.2 121 83.3 90 95.8 104 86.1 104
Cultivated NS NS

No mulch 87.5 116 45.8 77 87.5 86 90.3 93

Mulch 87.5 141 83.3 77 41.7 79 70.8 104
Simazine NS NS

No mulch 75.0 148 83.3 77 12.5 60 56.9 106

Mulch 87.5 137 95.8 95 70.8 89 84.7 108
Roundup NS NS

No mulch 79.2 110 95.8 95 75.0 100 83.3 102

Total over Mulch 85.4 137 88.5 90 75.0 96 83 103
all NS NS NS NS NS NS NS NS

treatments No mulch 78.1 122 92.7 86 64.6 89 80 96

Table 10.13: Mulch and fertilizer effects on the growth and survival of E. stellulata seedling with
four pre-planting treatments at four sites, 18 months after planting. Values are meaned over all
replications and plots n= per cell

Miramoona
Survival	 Mean

Woodpark
Survival	 Mean

Yalgoo
Survival	 Mean

Salisbury
Survival	 Mean

(%) ht.(cm) (%) ht.(cm) (%)	 ht.(cm) (%) ht.(cm)

Mulch 85.4 136 89.6 96 64.6 94 81.3 95

No Mulch 75 131 91.7 90 66.7 85 79.2 '	 84

Mulch 85.4 137 87.5 84 85.4 197 87.5 90

No Mulch 81.3 113 93.7 81 62.5 94 87.5 91

Fertilizer

No fertilizer
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Table 10.14: Effect of fertilizer on the growth and survival of E. stellulata seedlings with four
pre-planting treatments at four sites, 18 months after planting. Values are meaned over all
replications and plots. n = 24 per cell. Differences between fertilized and not fertilized plots,
when averaged over all treatments and sites were not significant (P > 0.05), as indicated (NS).

Miramoona Woodpark Yalgoo Salisbury Total overall sites

Survival Mean Survival Mean Survival Mean Survival Mean Survival Mean
(%) ht.(cm) .	 (%) ht.(cm) (%) ht.(cm) (%) ht.(cm) (%) ht.(cm)

Fertilizer 87.5 136 100 97 91.7 92 93.1 107
Chippe - NS

No Fertilizer 70.8 124 87.5 91 83.3 96 80.6 102

Fertilizer 75.0 118 83.3 80 91.7 88 80.2 90 81.5 92
Cultivated NS NS

No Fertilizer 91.7 120 95.8 86 91.7 102 87.5 91 89.9 95

Fertilizer 87.5 143 87.5 91 12.5 87 62.5 114
Simazine - NS NS

No Fertilizer 75.0 146 79.2 62 41.7 71 65.3 96

Fertilizer 70.8 138 91.7 102 66.7 88 76.4 109
Roundup - NS NS

No Fertilizer 95.8 115 100 88 79.2 101 91.7 101

Total over	 Fertilizer 80.2 134 90.6 93 65.6 89 80.2 90 83.9 102
all NS NS NS NS NS NS NS NS NS NS

treatments No Fertilizer 83.3 125 90.6 82 74.0 96 87.5 91 79.2 98

Table 10.15: Effect of Terrasorb on the growth and survival of 8 species planted at Salisbury
Court in autumn 1985, 9 months after planting. Results are pooled over all replications and
guard treatments.

Species n* Terrasorb
Survival	 Mean

(%)	 ht.(cm)

No Terrasorb
Survival	 Mean

(%)	 ht.(cm)

A. dealbata 12 50 27 41.7 16.4
A. filictfolia 12 50 20 50 18
Casuarina cunninghamiana 84 50 17.7 46.4 17.9
E. acaciiformis 48 79.2 37.5 77.1 37.0
E. blakelyi 24 62.5 26.7 58.3 22
E. melliodora 24 70.8 25.6 75 24.4
E. viminalis 12 41.7 29 58.3 47.1
Leptospermum sp. nov. 12 58.3 20.3 50 23.2

228 59.6 26.2 57.9 26.3

n* = Number planted in each of the two treatments.

prescence or absence of mulch (Table 10.13).

10.3.5 Terrasorb

The 1985 Salisbury trail examined Terrasorb, used with and without milk carton guards on eight

species. Nine months after planting no difference could be detected in survival or growth and

at 36 months the result was the same (Table 10.15).

10.3.6 Guards

Two trials examined tree guards. The first (1985 Salisbury Court), an autumn planting, com-

pared the effect of milk carton guards on eight species (Table 10.16). When averaged over all

species, guards trebled survival rates 9 months after planting - from 27% to 91% and increased
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Table 10.16: Effect of milk carton guards on growth and survival of seedlings of Salisbury Court
Species Number

planted in
each treatment

NO GUARD
Survival

(%)

9 months after

Mean
ht.(cm)

planting
GUARD

Survival
(%)

Mean
ht.(cm)

NO GUARD
Survival

(%)

36 months after

Mean
ht.(cm)

planting
GUARD

Survival
(%)

Mean
ht.(cm)

Acacia dealbata 12 8.3 3 83.3 24.1 0 - 0 -
Acacia filicifolia 12 16.7 10.5 83.3 20.7 0 - 8.3 30
Casuarina cunninghamiana 84 4.8 8.8 91.7 18.3 0 - 4.8 20
Eucalyptus acaciiformis 48 58.3 24.8 97.9 44.5 31.3 55.3 64.5 81.9
Eucalyptus blakelyi 24 29.2 17.4 91.7 26.6 4.2 100 45.8 50
Eucalyptus melliodora 24 54.2 16.2 91.7 30.2 20.8 43 66.7 44.7
Eucalyptus viminalis 12 8.3 20.5 83.3 43.4 8.3 50 66.7 78.1
Leptospermum sp. nova. 12 25.5 5.3 83.3 26.4 0 - 50 30

TOTAL 228 26.7 19.1 91.2 28.4 9.6 54.3 33.8 61.3

growth also (mean height 19 cm unguarded compared with 28 cm guarded). These effects were

still evident 36 months after planting when unguarded trees had an overall survival of 10%

compared with 34% for guarded trees. The effect on growth was less marked but still apparent

(unguarded mean height 54cm compared with 61cm for guarded).

The response by species was the same throughout. The reason for the low survival rates in

the trial was the poor performance of some species (Subsection 11.3.9). In the species which did

relatively well the effect of the guards was important. For example, 36 months after planting:

E. acaciiformis - 65% survival guarded; 31% unguarded

E. melliodora - 67% survival guarded; 21% unguarded

E. viminalis - 67% survival guarded; 8% unguarded

The reason the guards were so effective was the widespread hare and frost damage over the

first winter, which killed	 virtually all the unguardedtrees.

In the 1987 trials, which were planted in spring, the results were less dramatic than at Sal-

isbury Court but were significant. When all the treatments and sites were pooled together all

the guards improved survival (significant at P < 0.05) but there was no significant differences

among the guards. The cartons and gro-tubes had (over all sites and treatments) 83% survival

compared with 72% for unguarded seedlings, and the R.T.A. guards had 88% (Table 10.17.

None of the interactions involving the guards were significant in terms of survival (P = 0.05).

Looking at the four sites separately, the site preparation treatments, and the mulch and fer-

tilizer treatments this pattern was fairly consistent, with R.T.A. guards having best values for

survival, no guards having worst, with very little difference between milk cartons and gro-tubes

(Table 10.17, Table 10.18).

In terms of growth the gro-tubes consistantly resulted in better growth over all treatments

and sites (significant at P < 0.05). Overall the mean height for gro-tubes was 116 cm, compared

with 98 cm (R.T.A. guards), 93 cm (milk carton) and 91 cm (no guard). The effect of the

gro-tubes was particularly marked at Miramoona and Yalgoo (significant at P < 0.05). At Mi-

ramoona trees in gro-tubes and mulched had excellent growth (mean 165- 183 cm Table 10.17).

The effect of the other guards on growth was less clear and varied across the sites and treatments.
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Table 10.1,7: Effect of guards on growth and survival of E. stellulata seedlings for different
fertilizer and mulch treatments at different sites. Significant differences (P < 0.05) among the
guards, when averaged over all treatments and sites are indicated by different letters.

No guard

.	 - i
Gro-tube Milk carton R.T.A. guard

Survival Mean Survival Mean Survival Mean Survival Mean
(%) ht.(cm) (%) ht.(cm) (%) ht.(cm) (%) ht.(cm)

No Mulch 75 100 83 141 75 94 92 115
No Fertilizer

Mulch 67 116 100 183 75 113 100 134
Miramoona

No Mulch 67 121 83 139 67 119 83 138
Fertilizer

Mulch 83 137 75 165 83 135 100 116

Total Miramoona 73 119 85 156 75 116 94 126

No Mulch 83 64 92 82 100 81 100 95
No Fertilizer

Mulch 75 72 83 91 92 94 100 77
Woodpark

No Mulch 92 87 83 108 92 74 100 94
Fertilizer

Mulch 83 103 92 114 92 87 92 79

Total Woodpark 83 82 88 99 94 84 98 86

No Mulch 58 60 67 113 75 103 50 92
No Fertilizer

Mulch 75 90 83 124 92 87 92 88
Yalgoo

No Mulch 50 45 67 113 75 97 75 77
Fertilizer

Mulch 50 68 75 120 58 101 75 78

Total Yalgoo 58 68 73 118 75 96	 I 73 83

No Mulch 83 88 92 93 83 82 92 102
No Fertilizer

Mulch 67 91  92 95 92 81 100 94
Salisbury

No Mulch 75 83 67  96 92 84 83 78
Fertilizer

Mulch 67 102 92 100 92 72 75 109

Total Salisbury 73 91 85 96 90 80 88 96

TOTAL OVER ALL SITES AND TREATMENTS 72 a 91 y 83 b 116 x 83 b 93 y 88 b 98 y

Table 10.18: Effect of guards on growth and survival of E. stellulata seedlings for diffexent site

preparation treatments.

Chipped
Survival	 Mean

(%)	 ht.(cm)

Cultivated
Survival	 Mean

(%)	 ht.(cm)

Simazine
Survival	 Mean

(%)	 ht.(cm)

Roundup
Survival	 Mean

(%)	 ht.(cm)

Total over all treatments
Survival	 Mean

(%)	 ht.(cm)

No guard 80.6 88 79 91 55.6 103 63.9 82 72'a 91 y

Gro -tube 88.9 132 88 102 55.6 125 91.7 128 83 b 116 x

Milk carton 86.1 101 86 82 72.2 102 86.1 100 83 b 93 y

R.T.A. guard 91.7 98 91 99 72.2 93 94.4 101 88 b 98 y

10.3.7 Height effects

In the 1982 Belhaven trial seedlings which were less than 6 cm high at planting had a much

higher mortality than those which were over 10 cm high (Table 10.19). About a half of the

smaller seedlings died in the first year whereas only about 10% of the taller ones died in the

same period.

10.3.8 Watering

The only trial specicifically designed to compare seedlings which were watered and those which

were not was Belhaven 1982. Watering resulted in no significant results, probably due to the
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Table 10.19: Survival of seedlings of different heights at planting 10 months after planting,
Belhaven 1982

HEIGHT AT
PLANTING (CM) SPECIES

NUMBERS OF
SEEDLINGS AT

PLANTING

SURVIVAL 10 MONTHS
AFTER PLANTING (%)

<3 E. blakelyi 35 42.9
E. melliodora 18 50.0

• E. viminalis 0 -

SUBTOTAL 53 45

3-6 E. blakelyi 58 50
E. melliodora 48 45.8
E. viminalis 8 62.5

SUBTOTAL 114 49

6-10 E. blakelyi 18 55.6
E. melliodora 35 40
E. viminalis 53 69.8

SUBTOTAL 106 57

>10 E. blakelyi 1 0
E. melliodora 3 67
E. viminalis 61 91.8

SUBTOTAL 65 89

TOTAL 338 58.9

heavy autumn rainfall which immediately followed the planting. In fact because of this the trees

were only watered a few times anyway.

10.3.9 Planting times

Although the various planting trials were planted in sumer, autumn and spring cross comparisons

are impossible due the differing species, sites and treatments involved. The Malpas planting

crossed every season of the year and some of the more numerous species were planted in each

season. All the seedlings belonged to the same cohort of seedlings and the same seed supply:-:-

Most of the seed was collected at the site or in the locality. All seedlings were planted in the

same way (see methods). Seedlings were monitored 1-4 months after planting and as can be

seen from Table 10.20. Survival was above 95% for virtually all species in all seasons.

These preliminary results indicate that these species can be planted without ill effects in any

season of the year, provided the techniques and seedlings used are good.

The winter of 1987 was relatively mild with good moisture levels, particularly in the early

spring. Even so frosts did occur and at one stage the trees were actually planted while snow

was falling. Some late frosts in October were particularly severe and killed most of the Chinese

poplars, but the native species were relatively unaffected.

10.3.10 Species and site differences

A comparison of species and sites is difficult as the trials took place over such a range of

conditions and with a range of treatments. Table 10.21 attempts to pool the results. The table
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Table 10.20: Survival of seedlings planted in different seasons at Malpas Dam. Seedlings were
from the same cohort and seed batch throughout.

SPECIES
n

JAN
% n

FEB
% n

MAR
% n

APR
%

MAY
n	 %

JUNE
n % n

JULY
%

AUG
n	 % n

SEPT
%

TOTAL
n	 %

A. dealbata 154 96.8 264 97 0 - 395 99.5 220 100 5 100 0 - 61 98.4 24 91.7 1123 98.4
A. filicifolia 0 - 101 95 20 100 427 100 103 100 37 100 0 - 201 100 18 ,	 94.4 730 99.2

A. rubida 12 100 40 100 0 - 382 100 45 100 118 99.2 0 - 36 100 35 100 668 99.9
Cotoneaster sp. 0 - 168 96.4 117 99.1	 ' 378 100 173 100 420 98.8 36 100 161 95.7 32 100 1485 98.7

E. laevopinea 155 95.5 29 82.8 0 - 186 95.7 102 89.2 5 100 0 - 9 100 0 - 486 93.6
E. paucylora 64 98.4 181 95.0 0 - 627 99.5 179 99.4 347 98.0 16 100 136 99.3 189 100 1739 98.7
E. radicua 0 - 80 100 0 - 212 97.2 98 98.0 28 96.4 ' 16 100 15 80.0 449 97.3
E. stellulata 263 98.5 559 97.1 83 100 562 99.1 41 100 12 100 0 - 113 94.7 44 100 1677 98.2

should be considered with some caution due to the range of treatments involved. Where a range

of treatments were involved at a site it is the overall result for the site which is included in the

table. In some cases this does not reflect the full story. In particular the survival of species at

Salisbury 1985 which was guarded was much greater than the mean values shown in Table 10.21

(see Subsection 10.3.6).

The other factor which confuses the results is the time frame over which the plantings took

place. The early plantings, while techniques and seedling stocks were being developed had higher

mortality than the 1987 plantings which had excellent results. However there were clear trends

in terms of suitability of some species to some sites and Table 10.22 orders species into categories

of Recommended, Possible and Not Recommended for the sites at which they were planted. Not

all species were tried at each site. The results of Malpas can be considered as preliminary only.

In the Belhaven 1982 trial no appreciable difference could be detected between the survival

rates of E. blakelyi and E. melliodora seedlings, but E. viminalis had significantly higher survival.

Originally this was thoughtto be attributed to the different initial heights at planting (mean 4.4

cm E. blakelyi; 5.8 cm E. melliodora and 10.2 cm E. viminalis). However, in the covariate

analysis when survival rates were adjusted for height influences, height did not show up as

significant, indicating that there was a definite species difference aside from any influence of

height at planting.

As well as having a higher survival rate E. viminalis seemed to be much faster growing than

the other 2 species. The average heights 10 months after planting were: E. blakelyi 45 cm; E.

melliodora 49 cm; E. viminalis 104 cm. This difference was maintained till monitoring ceased 6

years after planting and was marked, particularly in the maximum height figures (E. blakelyi 

-1.3 m; E. melliodora - 1.0 m; E. viminalis - 6.0 m) (Plate 10.11).

10.4 Discussion and Conclusions

The planting trials were a great success. Beginning from a position where great negativity

was prevalent on the possibility of getting native trees established in exposed situations on the

Northern Tablelands, a number of techniques were developed and tested which gave good results.

The huge losses of the earlier trials were completely reversed and the 1987 plantings compared

favourably with anything else in Australia in terms of survival and growth.
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Table 10.22: Preliminary species recommendations for different sites, based on 10 planting trials
1982-1987

Palaeozoic Metasediments: Podzolic soils: Lower Slope: Flat prone to water logging;
severe frosts: exposed. (eg. Ruby hills 1985, Yalgoo, 1985, Malpas)

Recommended:	 E. crenulata, A. rubida, E. stellulata, E. nova-anglica,
Hakea microccopa, Salix matsudana x alba

Possible:	 E. cinerea, L.flavescens, E. pauciflora, Populus
yunnanensis

Not Recommended:	 Grevillea Canberra Gem, Melaleuca erubescens, E.
michaeleana, Casuarina nana , C. cunninghamiana

Palaeozoic Metasediments: Podzolic soils: Mid-Upper slope. Exposed prone to severe frosts.
(eg. Salisbury Court, Miramoona, Malpas Darn).

Recommended:	 A. dealbata, A. filicifolia, A. rubida, E. stellulata, E.
acaciiformis, E. paucilfora, E. viminalis, E. crenulata,
Pinus radiata, Cotoneaster sp.

Possible:	 Casuarina littoralis, E. blakelyi, E. cinerea, E. melliodora,
Leptospermum sp. nov., A. baileyana, E. laevopinea, E.
radiata, Grevillea Canberra Gem, G. John Evans, G.
poorinda constance, Hakea eriantha

Not Recommended:	 Casuarina cwminghamiana,Westringia fruiticosa

Granite - Podzolic soil: relatively exposed: mid slope. (eg. Belhaven 1982)

Recommended:	 E. viminalis

Possible:	 E. blakelyi, E. melliodora

Recommended: 	 had high survival rates at trials (> 70%) when planted at this
type of site and growth was good compared with other species.

Possible:	 had low-medium survival rates (30-70%) at the site.

Not Recommended: 	 had very low survival rates (0-30%) and poor growth.

The basic technique which arose from the earlier trials was to pre-rip, chip with a mattock

for a diameter of about 1 m, use a pinch of slow release fertilizer in the bottom of the hole,

use hardened seedlings grown in native tubes from indigenous seed (local to the site or at least

within 50 km of the site), put a 20 litre bucket of sawdust mulch around the plant, a 1-2 litre

milk carton guard, held in place with 1 or 2 stakes (Plate 10.2).

This technique was used for the 12,000 trees planted at Malpas Dam in a very exposed

situation on podzolic and prairie soils in natural pasture with excellent results (Plate 10.12). It

has since been used by the Armidale Tree Group in plantings of a further 12,000 trees in 1988/89,

the only difference being two pre-sprays of a strip 1 m wide along the rip line of Roundup, 1-2

months before planting instead of chipping.

The chipping pre-treatment worked equally well in improved and natural pasture (1987 trials)

and when combined with a thick layer of sawdust suppressed even vigorous weeds like phalaris for

1-2 years. It has the obvious disadvantage of being labour intensive. Using Simazine, Roundup

and cultivation certainly speeds up planting and can still result in good survival and growth.

Nevertheless chipping remains a viable alternative for those who prefer not to use sprays or

are planting a small area. Unfortunately there seems to be no machine yet developed which

simulates hand chipping, ie. removes a circular piece of topsoil 1.5 m in diameter, so providing

a weed free "niche" for the seedling.

Cultivating gave mixed results. It often encouraged vigorous weed growth (eg. Belhaven

1982, Miramoona 1987) and in the Miramoona trial this was stimulated after six discings !

(Plate 10.5). However where follow up weeding was done (eg. Salisbury 1987 where the site
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was cultivated about 2 months after planting) weed growth was reduced considerably. As shown

at Belhaven the weed growth which follows cultivation can be held in check by good mulching,

although surprisingly, the same result was not seen in the 1987 trials. Cultivation thus remains

a viable option for those who prefer it to spraying. It is used in Victoria extensively (Section

11.1), and certainly it is very easy to plant into well cultivated earth. However if used, the

weed growth should be taken into account and controlled in the first season, by light cultivation,

harrows, handweeding, mulching, mowing or spot spraying.

A double spray of Roundup in spring, separated by a month, gives a site clear of seeds for 1-2

months after planting. Follow up weeding is needed however at least once in the first growing

season. In the Miramoona 1987 planting Roundup or Fusilade was used and at Yalgoo Fusilade

was used. Both seemed to reduce weed growth adequately.

The attraction of the Roundup plus Simazine treatment was that weed growth could be

drastically reduced for over one year after planting. In my trials it was only successful at

Miramoona. At other sites there were problems with toxicity. It is used by many in Victoria

(Table 10.1) and should be further studied locally. In Victoria Roundup plus Simazine (or the

similar treatment of Vorox AA) is used in conjunction with machine planting and this option

also bears investigation locally. At Miramoona the first weeds which invaded the Simazine area

were T. repens, Hydrocotyle bonariensis and Geranium solanderi.

It is generally recommended that ripping precede planting by 6-9 months (Subsection 11.1.2).

Due to time constraints most of these trials had ripping done only 1-2 months before planting.

No ill effects were evident. In the Belhaven trial ripping preceded planting by only a few days

and here some subsiding occurred. Ripping, in all cases, made the process of planting faster and

seemed to aid growth.

The black plastic mulch did not preform well at all, in contrast to Whitham (1982) who

had great success with it. It is not particularly convenient to work with and phalaris and other

weeds encroached over it within one year.

Woodchips were confirmed as a very good mulch as reported by various authors (Table 10.2).

It prevented weed growth in natural pasture dominated by T. repens for 1-2 years at Belhaven,

and mostly native pasture at Salisbury Court for over 2 years. Unfortunately on the Northern

Tablelands woodchips are now quite hard to obtain.

Like the wood chips, sawdust prevented weed growth for 1-2 years in natural or improved

pasture. No stunting or yellowing was observed, in contrast to Whitham (1982), and I can only

assume that Whitham and others who have had this problem have used it in a different way from

me, perhaps by mixing it with the top soil. In the dry weather it maintained moisture levels,

but as reported by various authors (Table 10.2) a hard crust formed on the surface, preventing

direct penetration by water except in very wet times. Even so, in dry times the mulch seemed

to maintain moisture levels underneath and any rain which fell seemed to be absorbed around

the edge of the mulch and in the rip line, for it was rare to find dry soil under the mulch.

Sawdust's apparent merits were not reflected in the overall results of the 1987 trials, causing
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only a slight increase in growth and survival. This was possibly due to the good soil mois-

ture which caused everything to grow well, despite the observation that unmulched trees were

frequently over- run with weeds.

Mulch of sawdust or wood chips are recommended for three main reasons:-

1. Very little need for follow up weeding (at Ma1pas virtually no

weeding was ever required after planting in two years).

2. Water retention in dry period.

3. Ease	 in identifying trees.

Machine planting reduced the time needed to plant by over a half. For example at Miramoona

using the machine, 2 people could plant, mulch and guard about 100 trees per hour compared

with 50 an hour for hand planting and chipping. The machine technique needs testing with more

species but has potential, particularly for the fast growing Acacia species such as A. dealbata

and A. filicifolia. At the moment it appears advisable to still mulch and guard with machine

planted natives although further research may find one or both of these factors can be deleted.

On the Northern Tablelands it is commonly recommended that native trees be planted in

spring and autumn (Subsection 11.1.8). These trials have extended the planting times which

can safely be recommended to plant from October to April as long as moisture levels are good.

September and May can also be suitable but unseasonable frosts can occur (guarding reduces

the effects of frosts). The winter months also now can be tentatively recommended, even for

exposed sites, as long as trees are well hardened off and guards are used. The Malpas planting

was successful through a winter which had severe (though not regular) frosts and some snow,

but which was relatively mild due to good soil moisture and cloud cover. Even so unseasonal

frosts in October followed by dry weather killed virtually all the poplars but left the natives

relatively unaffected. Moisture is probably the most important factor governing planting time

rather than season.

The tree guard trials presented interesting results and autumn plantings particularly ben-

efitted from having milk carton guards (Salisbury 1985). The high mortality at Shannonvale

(Anon, 1987) may have been because they planted unguarded trees in autumn and then had

severe frosts.

Milk cartons compared favourably with gro-tubes in terms of increasing survival and last

long enough (1-2 years) to provide sufficient protection for the tree in the first (and most critical)

winter from frosts and hares. They have the secondary advantage of recycling a waste product

and being very cheap (30c for carton plus stakes compared with about $1.50 for a gro-tube

plus stakes). Gro-tubes certainly increase growth (1987 trials) in the first season, which is still

evident for one and possibly more years later. They are however more expensive, use much

plastic which give rise to a disposal problem later, and are slower to use.
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In all cases guards increased survival. In spring plantings they may be less necessary as,

by the time hares and frosts become a problem in the following winter, the trees should be big

enough not to be bothered. Even for spring plantings they are to be recommended. The milk

cartons and Gro-tubes have the benefit in summer of providing shade and reducing moisture

stress. Like mulch, guards provide an important psychological benefit. Unmulched, unguarded

trees are easy to forget and get lost in the grass (Plate 10.13) - mulched and guarded, they are

easy to find, monitor and maintain (Plate 10.6). The milk cartons and gro-tubes also provide a

shield should spot spraying for weeds be necessary.

It is vital cartons be staked. At Malpas in one area cartons were unstaked and held in place

with the sawdust alone. In August big winds blew the cartons off and a very high proportion of

seedlings were killed by hares and frosts.

One of the reasons for the high success rate at Malpas was the good matching of species to the

sites and a concentration on the indigenous species (E. stellulata, E. pauciflora, E. laevopinea, E.

nova-anglica, E. viminalis, A. dealbata, A. rubida and Leptospermum flavescens) - comprising

53% of the planting. All the E. stellulata, E. pauciflora, E. laevopinea, and E. viminalis were

collected from Malpas itself (34% of the planting). A. filicifolia, A. rubida, E. blakelyi, E.

melliodora, E. nova-anglica, and L. flavescens were collected within 50 km of the site (17% of

the planting). A. dealbata, C. cunninghamiana, C. littoralis, E. acaciiformis, E. radiata, H.

eriantha, L. brevipes were collected within 100 km of Malpas but still on the Tablelands (14%).

All the rest of the species were propagated from locally growing specimens even though they

were not indigenous to the Northern Tablelands (35% of the planting). It is hard to prove that

the success at Malpas was due to the provenance of the seedlings, but combined with good

seedling stock and planting technique it was probably involved.

Slow release fertilizer and Terrasorb applications did not prove useful in increasing growth

or survival at the usual recommended rates and may not be necessary additives locally. The

failure of fertilizer to increase meaningful growth may have been due to fertilizer pellets being

in the soil mix and the fact that most sistes had been top dressed with superphosphate at some

stage. Also the roots would get beyond the fertilizer zone quite quickly. Cutting out fertilizer

reduces the planting cost by about 1%. Terrasorb probably failed to give a result because the

site was not under severe moisture stress and all seedlings were mulched with woodchips. In

arid areas it may have benefits but locally it appears unnecessary.

In my trials the chief reasons for mortality were:-

• Seedlings planted when too small - less than 10 cm high (Belhaven 1982).

• Unmulched trees swamped by weeds in cultivated ground (Belhaven 1982).

• Poor species selection for the site (Ruby Hills 1985, Salisbury 1985, Yalgoo 1985).

• Poor seedling supplies (Salisbury 1985 possibly, Yalgoo 1985).

• Unguarded trees damaged by hares and frosts (Salisbury 1985, Malpas 1987, Yalgoo 1985).

• Waterlogging (Yalgoo 1985).

• Goats getting into the planting (Miramoona 1985).

• Weed growth (Yalgoo 1985).

In other words all the common mistakes were made at some stage in these trials. What was

heartening was that eliminating the mistakes through good site preparation, species selection,

seedling stock, protection and planting techniques resulted in success.



Plate 10.1
E. vimaudis mulched with woodchips on
cultivated site, showing effect of mulch in
reducing weed growth. Belhaven 1983 planting,
7 months after planting (28.10.1983).

.etf.
Plate 10.2
A. dealbata seedling, mulched with sawdust, milk
carton guard. Machine planted. Miramoona 1987
planting 4 months after planting (6.4.1988).

Plate 10.3
Cultivated treatment. Foreground Rural Trees
Australia Guard and gro-tube. Salisbury Court
(18.11.1987), just after planting.

Plate 10.4
Gro-tube, chipped and mulched with sawdust.
E. stellulata 6 months after planting - Miramoona
(13.4.1988).

Plate 10.5
Weed growth in cultivated plot 6 months after
planting. Miramoona (6.4.1988).

4.7;*:7.11, 	 .	 • :?;,

Plate 10.6
Roundup pre-treaunent. Machine planted trees,
sawdust mulch, milk carton guards, no fertilizer.



Plate - 10.7
Chipped and mulched, no guard 1 month after
planting, Miramoona (18.11.1987). As well as
aiding tree growth the guards provide a useful
identification of the tree which makes follow up
weeding easier (compare with Plate 10.6).

Plate 10.8
A. dealbata one year after planing - Machine
planted, mulched and milk carton guard.
Mirdmoona (November 1988)..

Plate 10.11
Belhaven planting 5 years after planting. E.
viminalis trees up to 6m high (6.4.1988).

Plate 10.12
Malpas Dam planting one year after planting (July
1988). Very high success rate of almost all species.

Plate 10.9
Ruby Hills 1985 planting,18 months after
planting E. stellulata, E. erenulata and E.
cinerea. Pasture dominated by Pludaris
aquatica. Trees up to lm high. September 1987.

Plate 10.10
Ruby Hills 1985 planting 4 years after planting.
Same species as Plate 11.9. Trees up to 4m high.
March 1989.

Plate 1(1.13
Unmulched, unguarded E. stelltdata seedling
suppressed by weeds 6 months after planting.



Chapter 11

Re-establishment of eucalypts on the Northern
Tablelands of N.S.W. - Conclusions.

By looking at the historical records and the present day vegetation it is possible to deduce that

most of the Northern Tablelands of N.S.W. was covered in eucalypt forests and woodlands when

Europeans invaded the area in the 1800s. On the main part of the Tablelands these forests and

woodlands were extensively cleared, particularly in the 1890s to 1920s and over the last few

decades much of the area has been fertilized and sown with exotic pasture species.

From the 1850s events of eucalypt dieback have been recorded. These have always coincided

with sequences of moist summers and have been linked with heavy insect defoliation, which

in turn seems to have been associated with clearing. As clearing and pasture improvement

developed over the ensuing century each 'wave' of dieback was worse as there were less trees to

`soak-up' the defoliation and less habitat for predators of the insects, and as the trees themselves

were placed under increasing stress from weather, stock and humans. High stocking rates have

led to reduced replacement of trees from natural regeneration.

It is this general tree decline through clearing and dieback which prompted landholders who

recognized the value of native vegetation on farms, to fund this study. The study has aimed to

better understand the processes of natural regeneration of eucalypts on the Northern Tablelands

and to use this information to design eucalypt re-establishment strategies for areas affected by

tree decline — involving both the encouragement of natural regeneration and direct seeding and

planting.

Over 15,000 trees were planted and monitored as part of the project and about 85% of these

were still alive at the end of the project. Nearly 6 hectares were sown directly, resulting in almost

4,000 seedlings when the project ended. In addition about 7,000 eucalypt seedlings regenerated

at the 30 sites examined. By the end of the project these trees had grown to 0.5 to 3m high

with some up to 6m.

It was found that natural regeneration was the easiest method of establishing woodlots, but

was best on sites that were relatively unimproved, that were dominated by native pasture and

that had some trees and shrubs present. Regeneration was best where lignotuberous seedlings

were already present and developed once stock were excluded from the site.

Where seedlings were not already present regeneration was possible from natural seedfall.

This could only occur when healthy trees were present with heavy fruit crops, and when heavy

209
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seed fall coincided with well above average rainfall and a clear seed bed. It was deduced that

such conditions do not coincide often, perhaps only every 20-30 years, on the Tablelands.

Creating a weed free seed bed by using the knockdown herbicide Roundup encouraged natural

recruitment where seed fall and rainfall were at optimal levels.

Both direct seeding and planting of native vegetation were found to be possible on the

Northern Tablelands where natural regeneration is not possible.

Direct seeding was best where site preparation prevented weed growth in the first year

after establishment. Such conditions were best achieved by grading in conjunction with chisel

ploughing or ripping. The use of knockdown herbicides led to a rapid reinvasion of weeds 1-2

months after sowing although this could be reduced by combining the knockdown herbicide

with a residual one, or by follow up weeding. Techniques such as burning or cultivation were

not found to be suitable in natural or improved pasture due to weed reinvasion although they

may be suitable techniques if follow up weeding is done.

Acacia species proved to be much more reliable in direct seeding trials than eucalypts, with

survival rates of 2-5% being common in acacias and only 0.01-0.1% being common for eucalypts.

The acacia germination was generally as high or higher than reports in the literature while the

eucalypts were much lower.

The best technique of sowing was to scatter seed along single well defined rows by hand or
pre—t-eated

by machine rather than to broadcast seed. Sowing rates of 50-704seeds per metre for acacias and

1,000 seeds per metre for eucalypts were recommended, based on these trials. Bulking agents of

coarse sand or sawdust were adequate for hand seeding while laying mash was the best bulking

agent for mechanical seeders. Spot sowing and mulches were not generally found to increase

establishment of seedlings.

As with natural regeneration, establishment of seedlings by direct seeding was favoured by

a heavy seeding rates, above average rainfall and a weed free seedbed.

The recommended techniques to arise from the tree planting trials were to first rip the site at

least 1-2 months before planting and to remove competing vegetation by hand chipping, cultiva-

tion or knockdown herbicides used alone or in combination with residual herbicides. Best results

were achieved when seedlings were guarded with milk carton guards and mulched with sawdust.

Neither the slow release fertilizer Nutricote nor the water absorbant compound Terrasorb were

found to improve growth or survival significantly at the rates used.

Planted trees were less prone to moisture stress than very young seedlings originating from

direct sowing or natural recruitment. As long as soil moisture was good at the time of planting

little follow up weeding or watering was necessary if the trees were mulched and initial site

preparation was good. Some weed control was considered necessary if reinvasion of weeds became

a problem.

The results recorded in this thesis clearly show that re-establishment of eucalypts and other

native trees and shrubs is both possible and desirable on the Northern Tablelands of N.S.W.

The only impediment now is the social will.
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