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Editorial 

At this time of year I start to think 
about the seed collection and where 
might I find the best source of seed 
in the region of the state that I am 
In. 

Most of you may start the collection 
of seed in latter parts of the year or 
may already been collecting seed 
for the next years plants. In my 
cases the plants that I am after 
produce their seed in summer 
month (mainly Acacias). 



Currently I have been run of my feet 
in readiness for the end of year for 
both revegetation and along with 
work commitments. I have recently 
done a letter to all members of the 
study group along with past 
members with information on what 
we have done in the last twelve 
month in the way of newsletters. I 
would like to get all members 
together for an event to discus ideas 
or to demonstrate new ideas and 
concepts for people. The letter is 
also to act as a way of increasing 
our membership to increase the 
wonderful input we have so far 
enjoyed. 

The copy deadline for the next 
newsletter is mid February for a 
March Newsletter. Sent articles, 
newspaper clippings cartoon or 
logos that have been supporters or 
aided in revegetation to 

P.O. Box 2089 
Normanville 
SA 5204 

Cheers 

Matt Pearson 

Bitumen boosts, 
tree plantings 

ITUMEK :s being ?sed to boost tree 
~atabllshment ruWE RI. 6!!~8 'hrovgh. 
ow 6 0 ~ t k  Acstral!a. One of these !$ 

?he nr!d mvirtrcme~i 01 the Arms 
Razge, east of Murray Brjdge, where the 
P,verege ralzfall Is only Y25mm a year but 
where thciusands of trees are be!ng estab- 
]!shed by direct seed!ng. , 

T!ie single krrrbw Birec? seediag of 37.5km 
at the range last year was one of the biggest 
trce.seeding operatlol?~ of 11,s t.ype :n SA. 

"t'sing ou: Roder. 111 seeder we spray 
.bitumen es a rr,~!ck acer the seed has beel; 
p!aced i:] the furrow and afier it has been 
pressed by the press ulheel," Woods and 
7. r orest ' Departrefif revegetation officer 
Kent Rohde Eaiu. 

"A!; this happens lr. one pass. T!le b!tu. 
men holds the seed, attracts heat. stops Lhe 
ants kom carrying 1 . h ~  seed away and acts 
es a mu:c:1 by pyevesting evaporation, 
"In light so!; it also s:cps the trench from 

blowing isi. OUT research shows you ,get 
be:!er est.ab!!s!itnen! In this sort cf climate 
:7$ u s i ~ g  bkumen." 
, In 1961, an eslin?ated 13 mill!on trees were 
established - 4 m:ll!on by direct seeding, a 
signlflcant, increase on the previous year, 
maln!y becarrse of She lower cost and ease of 
d!rect 6eedlr.g. 

QUALITY ASSURANCE 
PROGRAM FOR 
REVEGETATION 

To cany out this snap shot 
suwey of how success full we 
are at revegetation I need to 
know the following - 

+ Soil Type 

+ Rainfall 

4 Species of plant 

+ What type of tree guard use 
if any 

+ If a herbicide was used if 
any fertiliser used if any 

+ Burning the area prior to 
planting 

4 What method of planting 
was used. 

* Information on what the 
growing conditions 
were like e.g. was dry 
year on a north facing 
slope and I had 70% 
survival of species X 
and 20% survival of 
species Y 

+ And or any other relevant 
information that will be 
help full. In the third 
edition of this 
newsletter 

All information will published 
hear in the newsletter of the 
Native Plant Regeneration 
Study Groups and other 
newsletters. and also a copy 
of the information will be sent 
to you for participating in the 
survey 

IF YOU HAVE AN 
IDEA OF AN 

INTERESTING 

INFORMATION 
THAT CAN FILL 

THIS SPECIE 
PLEASE SHARE 

IT WITH T H E  
REST OF T H E  

G R O U P  FOR WE 

INTERESTED IN 
REVEGETATION 

REGENERATION 



Reporting important findings relevant t o  the restoration of 
tree cover in Australia's cooler regions. 

TREE PLANTING IN COLD CLIMATES - 
LESSONS FROM FUNDAMENTAL RESEARCH 

1984). However, the successful 
establishment of tree seedlings in colder 
areas has a special set of problems. 

Although cold is undoubtedly an 
extremely impotfant factor in 

JOHN EGERTON - Research determining the success of a tree 
School of  Biological Sciences, planting project, recent studies have 
A. N. U., Canberra, Australian shown that it is extremely important to 
Capital Territory. provide shade during stressful conditions 

such as frost. Tree planting is expensive 
and methods which improve survival 
and growth are continually being 
sought. Dr Marilyn Ball in the 
Ecosystem Dynamics Group at the 
Australian National University (ANU) 
leads a research team which has shown 

Abstract 
There are many difficulties faced when attempting to  establish trees 

on cleared land in cold climates. This report provides insights gained 
through fundamental  research undertaken by the Ecosystem 
Dynamics Group at the Australian National University in Canberra. 
Undoubtedly frost is a major detrimental factor affecting tree 
establishment in cold regions. Howeves, i f  shade is provided during 
winter, frost is Iess damaging. Secondly, tree seedlings surrounded by 
damp bare soil during winter can be significantly warmer at night than 
seedlings surrounded by short grass. Subsequent growth in spring is 
then enhanced by not being near grass. The provision of shade and the 
need to  remove neighbouring grass show how conditions during winter 
-annot be dismissed. The  immediate microclimate experienced by 

\ eedlings during winter therefore has important implications for 
survival and growth during spring and summel: 

Key Words: Frost, photoinhibition, microclimate, Eucalyptus, tree 
guards, grass, cold, seedling establishment, rural tree decline. 

ike elsewhere in Australia, rural 
tree decline in higher eIwation L egions is a real concern. 

Especially on private land, clearing has 
been extensive and many of the 
remnant trees remaining in the 
tableland regions of eastern Australia 
have been dramatically affected by 
dieback (Kile, 1981). There is strong 
evidence that dieback is more 
widespread where clearing has been 
undertaken, compared to the levels of 
dieback in intact forests (Landsberg et 
a1 ., 1990). Following clearing, the 
remaining trees experience 
temperatures that are both hotter and 
colder, and are exposed to more solar 
radiation for longer periods. Curiously, 

the role that these changes might play in 
the onset and severity of dieback, has 
received very little attention. It is 
recognised that insects are often the 
most obvious cause of dieback; 
however, the link between modification 
of environment associated with the 
removal of the original forest cover and 
subsequent insect attack is poorly 
understood. 

Soil erosion is also a serious problem 
in many cold regions. Soil stabilisation 
has been a major issue in the Snowy 
Mountains in the past, and in areas such 
as the Monaro, soil loss is considered to 
be extensive (Costin, 1954). In order to 
halt these problems, tree planting 
schemes have been initiated (Beresford, 

that shading seedlings during winter 
enhances survival and spring growth 
(Ball, 1994). 

It must be stressed that the initial work 
from this group was primarily 
serendipitous. The applied benefits that 
stem from this work are a by-product of 
fundamental research aimed at 
understanding (1) how plants use light 
and what are the mechanisms for 
protection from excess light under 
varying environmental conditions, and 
(2) how such physiological attributes 
relate to regeneration under natural and 
altered microclimates. 

Traditionally, growth of cold-climate 
plants is considered to be related to 
duration of the growing season rather 
than the length and severity of winter. 
These ideas need to be revised, 
especially for evergreens. Conditions in 
winter directly influence plant 
performance later in spring and 
summer. 

A comparison between the 
microclimate experienced by a tree 
seedling in a forest and in an open 
pasture goes some way to explaining 
why it is often difficult to establish 
seedlings on farmland. On the forest 
floor temperatures are generally not as 
hot, or as cold, as a corresponding area 
in the open (Nunez and Bowman, 
1986). A tree canopy acts as an 
insulating layer, so that at night, heat 
loss is lessened and during the day the 
amount of energy received near the 
ground is reduced. It has been shown 
that the minimum temperature that a 
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Figure 1. A seasonal comparison between the light environment 
of a seedling in either a forest gap, an  open-topped shelter, or a 
pasture. 

tree seedling may experience in. a forest 
is closely related to the amount of clear 
sky directly overhead (Jordan and 
Smith, 1994). In other words, a 
complete tree canopy will result in 
higher minimum temperatures near the 
ground, than comparable locations in 
the oDen. 

Ob~ously the light environment is 
drastically altered once the tree cover 
has been remwad. Even in a large 
forest gap, a newly established tree 
seedling will receive less sunlight 
compared to an open pasture. In winter 
when the sun is relatively low in the sky, 

direct sunlight will reach the ground 
either for a short period, or not at all. 
However in summer, when the sun is 
higher, the ground in forest openings 
will be exposed to much longer periods 
of direct sunlight (Fig. 1). 

Considering how different the 
conditions are in pasture compared to in 
the forest, it is little wonder that trees 
which normally regenerate in a forest 
environment, have trouble in 
surroundings that have been extensively 
altered. In winter, a regenerating tree 
seedling under natural forest conditions 
would rarely be exposed to both frost 

and direct sunlight first thing in the ' 
morning. 

FACTORS INFLUENCING COLD 
CLIMATE TREE 
ESTABLISHMENT 
Frost 

Atthough Australia is quite rightly 
considered to be generally hot and dry. 
long term weather records show that a 
considerable proportion is prone to frost 
for at least some perid during winter 
(Fig. 2). In temperate regions, frost can 
be most damaging during spring and 
autumn. Fieldgrown plants normally 
withstand lower temperatures during 
winter than at other times of the year. 
Unseasonal frost when plants are 
unhardened can be most damaging. 
Nevertheless, extreme low temperatures 
in winter can also be responsible for 
widespread damage. Frost is regarded 
as a major factor limiting tree 
establishment in cold climates. 
However, frost in combination witk 
bright sunny days is a major cause 
damage and mortality. 
Light 

Sunlight is considered to be one of the 
major factors determining plant growth. 
For light demanding species such as 
Eucalyptus, full light is generally 
considered to be beneficial. However, 
like fertiliser and water, too much light 
can be detrimental. Under stressful 
conditions such as extremes in 
temperature, drought and salinity, a 
plant's capacity for photosynthesis can 
be reduced. Such losses are magnified in 
plants exposed to .high light. This light 

I-rosty snowgum seedling. 
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n n 
Frost free Frost prone 

Zones based on average annual number of 
days per year when temperature equals or 
falls below 0°C. 

Redrawn from Atlas of Australian Resources 'Temperatures' map-sheet 2nd edition (1973) 

Figure 2. Frost prone areas in Australia. 

phenomenon is known as 
photoinhibition and can be defined as a 
lightdependent loss in photosynthetic 
efficiency (Krause, 1988). In other 
words, photoinhibition occurs when 
more light energy is absorbed than can 
be utilised or dissipated by normal 
photosynthetic processes (Osmond, 
1994). 
An example of how photoinhibition ' 

can influence the way in which seedlings 
grow and regenerate is in the Orroml 
Valley near Canberra. This valley once 
supported a forest until it was cleared for 
grazing except for a small number of 
widely scattered trees. This area is now 
part of Namadgi National Park where 
grazing is not permitted. Snow gums are 
now regenerating slowly, however it is 
the pattern of regeneration that is most 
intriguing. Along the floor of the Orroral 
Valley winter minimum temperatures 
often fall to around -B°C and on 
extreme nights air temperatures can fall 
to -lB°C. What is interesting is that the 
distribution of juvenile seedlings was 
consistent with their vulnerability to 
cold-induced photoinhibition (Ball et al., 
1991). The highest density of seedlings 
occurred beneath the canopy of the 
remaining scattered trees where it is 
warmer during the night than in fully 
exposed locations. Seedlings under 

these canopies were clustered on the 
southern sides where there is protection 
from direct morning sunlight in winter 
when the solar angle is low and the sun 
follows a northerly path. It seems as 
though these sites are favoured as they 
provide protection from both extreme 
minimum temperatures and direct light 
first thing in the morning (Fig. 3). 

Therefore in frosty conditions plants 
have trouble utilising high light and are 

-prone to damage. If possible, shade 
should be provided during frosty 
periods. 
Artificial Shade Shelters 

There are a number of different 
possible shade shelter designs. 
Depending on the type of construction, 
microclimate within the shelter can be 
significantly altered. There are a number 
of different possible materials that can 
be used. The first alternative is shade 
cloth which can be relatively expensive 
yet can be modified extensively into a 
range of different designs (Fig. 4). Shade 
cloth is normally available in densities of 
30, 50 and 70 per cent. That is, 30  per 
cent shade cloth cuts out less light than 
70  per cent. A range of different studies 
at the ANU have shown that 50  per 
cent shade cloth is generally the most 
favourable density available. 

If screens (Fig. 4a) are to be used they 

Figure reproduced wilh permission from 'Biologic' No.9 (1994) 
as redrawn from the original in Ball elsl. (1991) 

a) The microclimate beneath a canopy is warmer 
than in the surrounding exposed areas, due to 
protection from heat loss by radiation. 

I . . 1 

b) The canopy provides protection from intense 
exposure to winter sunlight on the southern 
side of adult trees. 

c) The combination of these two factors creates 
a regeneration niche for seedlings and is 
consistant with the asymmetry of seedling 
distribution found around adult trees in the f i ~ l d  

Figure 3. Combination of 
protection from radiation frost 
and intense winter sunlight 
provides a reason for the 
asymmetric distribution of 
seed1 ings. 

should be placed close to, and 
orientated to the north of seedlings to 
ensure that maximum shade is provided. 
Using this design there is likely to be 
vey  little modification of overnight 
minimum temperature (Lundmark and 
Hallgren, 1987). Three-sided screens 
(Fig. 4b) should be orientated so that the 
open side faces south. Using this layout 
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a) Screen b) Three sided screen 

c) Open top screen d) Open top cylinder 

,,,,,, Q-', 

e )  Closed top four f) Closed top cylinder 

sided shelter 

Figure 4. Shade shelter designs. 

the interior of the shelter should be 
slightly warmer during the evening. Air 
temperatures in open-top four-sided 
(Fig. 4c) or cylindrical shehers (Fig. 4d) 
can be up to a couple of degrees 
warmer at night (Holly et a]. ,  1994). 
Closed top shelters (Figs. 4e and 4f) are 
even warmer. Closed-top shelters, 
however, have the disadvantage of 
becoming too hot during the day, 
primarily because of limited air 
circulation. Closed-top shelters are also 
limiting in that they quickly become too 
small as seedlings are unable to grow 
out of the top. Therefore they can only 
be used for a short period, say a year or 
two, or the fops need to be cut out when 
the seedlings have reached the roof of 
the shade shelter. Other than shade 
cloth, other items can be used, such as 
tyres, petrd drums, forklift pallets, or 
anything available that has the potential 
to provide shade during frost. 
The role that tree shelters play in 

tree guards constructed of different 
materials in order to determine their 
influence on tree seedlings. Results 
showed that if tree seedlings were 
surrounded by 50 per cent shade cloth 
over winter, then growth in spring was 
significantly enhanced. 
Natural Shade 

There is growing evidence that plants 
often benefit from one another (Hunter 
and Aarssen, 1988). Larger plants can 
sometimes be considered to be nurse 
plants for newly emergent seedlings. So 
when light conditions in an open 
pasture are compared to the solar 
environment in a forest gap, it is not 
surprising that tree seedlings in pasture 
are especially prone to photoinhibition 
following frost. Practical alternatives are 
multispecies plantings which include 
both fast-growing, short-lived shrubby 
species and slower growing tree species. 
Ideally shrubs will shade tree seedlings 
when they are small and most 

this will maximise winter shade. r 

Eventually the tree saplings will 
overtop the shrubs and as the trees will 
be older and taller, they will be less frost 
sensitive. Larger seedlings and saplings 
are more likely to modify their own 
immediate environments than newly 
planted small seedlings. Due to their size 
they self shade their own foliage, which 
affords greater protection from 
photoinhibition. 
Site Preparation 

The environment near the ground is 
often dramatically different to official 
measurements of temperature made in 
weather screens at meteorological 
stations. At night there can be an 
extremely steep gradient in temperature 
with height above the ground. For 
example in a cleared pasture near 
Bungendore, NSW, the temperature 
can be up to 7O C colder near the 
surface than at one metre. Therefore 
rapid early height growth can alleviate 
frost damage, since conditions away 
from the ground can be considerably 
milder. Early height however, should not 
be at the expense of stability. 

Microclimate near the ground can be 
very different over very short distances. 
For this reason when planting in cold 
climates it is important to ensure that 
newly planted seedlings are not placed 
into depressions or holes of any kind 
(Cremer, 1990). A newly planted 
seedling sitting in a small depression can 
be subject to a pool of cold air during 
winter evenings due to cold air drainage. 

In winter it is important to provide a 
patch of bare ground surrounding young 
seedlings. If soil is moist, then minimum 

damping down sunlight during frost has vulnerable to frost damage. If possible, 
been given little attention. Holly et a/. when planting, ensure that the shrubs Mid-winter frost, Orroral 
(19941 investigated a range of different are placed north of the tree seedlings, as Valley, ACT- 
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- temperatures above soil can be 
significantly warmer than above grassy 
surfaces (Leuning and Cremer, 1988). 
This can be explained by the fact that 
damp soil has the ability to store heat 
during the day and at night this heat is 
released. On the other hand, vegetated 
surfaces are less able to retain heat 
during the day, because they generally 
have much smaller thermal mass, and in 
the evening lose their heat very quickly. 
A material's ability to retain heat is 
related to its ability to absorb and retain 
energy. If soil is dry it has a lower heat 
capacity. Seedlings growing in a patch 
of bare, moist soil experience less 
frequent and less severe frosts than 
seedlings surrounded by grass. 

For reasons outlined above, placing 
mulch around and beneath the base of 
new seedlings is to be avoided, at least 
during frosty periods. Mulch also has 
low heat capacity. Undoubtedly mulch 
has many benefits which include 
controlling grass and weed competition, 
conserving soil moisture and aiding soil 
fertility. However during colder seasons 
mulch can effectively chill newly planted 
tree seedlings. A possible solution is to 
avoid addition of mulch until after new 
seedlings have reached the frost free 
period of the year. Mulch or litter in a 
forest is likely to have a very different 

effect because a tree canopy is an 
effective insulating layer. As described 
earlier, minimum temperatures inside 
forests are normally higher than 
corresponding areas in the open. 

Like mulch, a grassy surface beneath a 
seedling is much colder than damp bare 
soil. Grass acts as an insulating layer so 
that during the day in winter, soil 
beneath a grassy sward is restricted from 
warming. Grass itself also has very little 
thermal mass and has a low heat 
capacity. So  far discussion of the 
influence of grass has been in terms of 
grass that is short or is primarily beneath 
a young tree seedling. The influence of 
long grass in modifying the immediate 
microclimate of a tree seedling is very 
different. Long grass if at the same 
height, or taller than the planted tree 
seedling, is likely to act as a layer of 
insulation. Light levels are also restricted 
so that especially during winter, 
photoinhibition is less likely. However it 
is well recognised that during other 
times of the year grass growth should be 
restricted as far as possible due to 
competition. 
Aspect 

Aspect can influence microclimate at a 
broader scale than ~nentioned above. 
Although it is recognised that sheltered 
east and south facing slopes provide 

conditions that are moister and cooler 
than corresponding west and north 
facing slopes, influence of aspect varies 
with season. 

Generally, survival during winter on 
southern aspects is higher, than either 
east, west or northerly aspects. ?his 
may be because southern facing :lopes 
do not receive direct sunlight first thing 
in the morning when it is frosty. This 
may allow seedlings to avoid conditions 
which are likely to produce 
photoinhibition, that is, frost and high 
light. With respect to other aspects it is 
more difficult to make generalisations. 
West facing slopes in winter are less 
likely to suffer from frost damage than 
east facing slopes because they are not 
exposed to the combination of high light 
and freezing temperatures. This is 
because west facing aspects normally 
warm up before they are exposed to 
direct sunlight later in the day. 
Non Growing Season 

Normally conditions during winter are 
considered to have very little influence 
on subsequent growth. Nothing could be 
further from the truth. The conditions in 
each season have a lingering effect on 
the next. During winter it is important to 
maintain soil moisture in order to keep 
seedlings warm. As mentioned earlier. 
for a tree seedling to benefit thermally 

Much of the higher elevation forest cover in Australia is considerably fragmented. 
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from being located in a large bare patch. 
soil cannot be dry. 

Near Canberra. results of two studies 
in progress show effects of winter on 
spring growth of snow gum seedlings. A 
PhD student. Jeni fer Butterworth has 
found that snow gum seedlings which 
are partially shaded during winter. and 
then exposed to full sunlight in spring. 
achieved twice the growth of seedlings 
which received full sunlight in both 
winter and spring. In a parallel study. Dr 
Marilyn Ball and colleagues found that 
m~croclimate above a cold grass surface 
adversely affects spring growth. with 
exposure to lower temperatures during 
winter leading to a 17 per cent 
reduction in spring growth. These 
results emphatically show that 
conditions in winter cannot be 
discounted. as they directly modify 
growth in spring. 
Transplant Shock 

Need to preharden. If possible. 
transfer plants to site prior to planting 
and store in the own near the ground. 
It seems that plant orientation may be 
important. Ensure that plants when 
placed into the ground have the same 
orientation as when they were in the 
nursery. A possible aid here is to mark 
the orientation of seedlings while in the 
nursery By doing this. change in light 
environment from nursery to the field is 
minimised. 

CONCLUSIONS 
These notes stem from both basic 

photosynthetic and microclimatic 
studies. and illustrate how fundamental 
research can have far reaching benefits. 
Good theoretical research has 
application not only to developing new 
scientific ideas but to appEied areas as 
well. 

These studies also illustrate that light 
can be both a stress and a resource to 
tree seedlings depending on the season 

and their immediate microenvironment. 
Under cold conditions high light for 
newly establishing seedlings should be 
avoided. However at milder times of the 
year. trees that are normally considered 
to be light demanding have little trouble 
utilising full sunlight. 

The influence of grass on tree 
seedlings includes not only traditional 
ideas concerning competition, but also 
modification of microclimate. The way 
in which tree seedlings can be effectively 
chilled by underlying grass. during 
winter. challenges present ideas about 
the way in which trees and grass interact 
with one another. 

The ideas presented here highlight 
how the conditions during winter have 
an overwhelming influence on the 
eventual success of tree planting 
schemes in cold climates. It must be 
stressed. however. that these ideas need 
to be further refined before being put 
into practice and they should not be 
considered to be hard and fast 
prescriptions. Nevertheless they provide 
tantalising methods which should 
improve the overall success of tree 
planting in cold climates. 
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Australia is famed for itsjires, which destroy property, wildlve and people. Ecologists have ~urned arsonists tojight them 

Fire in the bush 
Australian bush fires challenge environmental scientists to find a way of controlling forest fires. 

It turns out that the Aborigines had the answers 
Bob Vines 

7 ARLY in 1987, bushfires raging around Sydney in New 
4 South Wales made television news across the world. - Australia is famed for the ferocity of its bushfires, and 

the southeastern part of the continent shares, with California, 
the dubious reputation of having the worst rural fires in the 
world. Recurring drought and the flammable nature of the 
eucalyptus trees can lead to awesome fires in heat waves. 
Only four years ago, the disastrous "Ash Wednesday" fires of 
I6 February 1983 in Victoria and South Australia produced 
damage estimated at A3500 million. The great forest fires of 
January t 939 in Victoria were even more devastating. They 
killed more than 70 people, and destroyed almost 1-45 
million hectares of forest, which lowers income from timber 
even today. 

These outbreaks happened during severe droughts. But 
fires can also occur in the semiarid regions of Australia. In the 
dry inland areas, which are usual1 y sparsely covered, rain 
encourages plants to grow. In the summer of 1973-74, much 
of the country experienced heavy rain. The resulting excep- 
t~onal growth led, in the foIlowing dry season, to busllfires in 
all mainland states except Victoria, where fires raged onty in 
a region of 10 000 hectares in northern Mallee (an infertile 
plain that suppons eucalyptuses and little else). In 1974-75 
1.25 million square kilometres were burnt--one-sixth of the 
entire continent! Most of the fires were in such remote 
regions, however, that most people were unaware of the wide- 

spread damage. 
Fires can be appallingly destructive. Animals are killed, 

people are burnt to death, houses are razed to the ground and 
other property is irreparably damaged. In the US, the forest 
fires of 187 1 around the town of Peshtigo in Wisconsin killed 
1500 people. Serious fires in Michigan, Minnesota and the 
adjoining Canadian provinces brought widespread destruc- 
tion at the same time. 

How can such fires-which, after all, are natural 
phenomena-be controlled? Long before white settlers 
reached Australia, human beings had made their mark on the 
continent. The Aborigines used fire as a tool, for both hunting 
and ceremonial purposes. And, it now seems, the Aborigines' 
way of dealing with fire has a lot to teach modem Australians. 

Aborigines probably came to Australia between 40 000 and 
50 000 years ago, perhaps even earlier. Pollen in cores drilled 
from different parts of the continent shows that the vegeta- 
tion changed at about that time. The interpretation of this 
evidence is controversial, but the fires of the Aborigines may 
have caused this sudden change in the character of forests. 

No one doubts that the natives used fire. Researchers 
increasingly appreciate the "technology" developed by 
Aborigines living in harmony with a harsh environment. But 
even in 1848, Major Thomas Mitchell, Surveyor General of 
New South Wales, recorded how the natives were usupenor in 
penetration and judgment to the white men composing my 



Forest litter builds up rapidly At the height of a bushjire, James can climb into the crowns of rrees 

party. Their means of subsistence and their habits are both developed in the early 1960s. From an extensive study 
extremely simple; but they are adjusted with admirable early Australian journals, King concluded that practices sinct 
fitness in the few resources afforded by such a country." He colonisation "had produced more severe and damaging bush 
went on to draw particular attention to their use of fire. The fires" than in the days before the white settlers arrived. So 
Aborigines created open country in which kangaroos prolif- how coufd we control modern fires? 
crated, burnt long grass to expose small animals on which A. G. McArthur, the "father" of Australian research on 
they red, and created the right conditions for food plants to bushfires, studied experimental fires lit under different condi- 
grow. "But for this simple process, the Australian woods had tions. He could then relate some of the variables-the 
probably contained as thick a jungle as those of New Zeatand moisture and quantity of the fuel and slope of terrain-to the 
or America, instead of the open forest in which the white men kind of fire produced. Thus researchers could begin to 
now find grass for their cattle." determine in advance the rate at wh~ch fires intentionally lit 

The advent of the white settlers, however, changed the to clear forests wouId spread. With this aid, foresters could 
balance once again. Following European tradition, they saw cIear countryside by hand lighting-a return to the practices 
fire as an evil to be stamped out, as quickly as possible. By the of the Aborigines before the amva1 of white settlers. Now, 
early 20th century, they had decreased the area burnt each however, we can go one better than the natives. 
year. Inevitably, both Iivjng trees and dead combustible Research has continued, within the CSXRO, to And out 
material began to build up, So when firesdid occur, they were more about bushfires and how to control them. This has led 
more concentrated and vioIent than anything that had been to some surprising insights. For example,. we had assumed 
seen on the continent for thousands of years. A new era was that water cooled the flames mainly by extracting heat as it 
born. evaporated. Yet water is far more effective at "damping 

In the 1950% the Commonwealth Scientific and Industrial downn a fire than this effect alone can explain. It now seems 
Research Organisation (CSIRO) appointed A. R. King to that damp fuel is less flammable because water decreases the 
Investigate the growing problem or bush fires. He was rate of burning, which reduces the intensity of the fire and 
responsible for pioneering work on protectian of fire fighters. promotes panial combustion of the fuel, which in turn makes 
The fire shelters used by the US Farest Service today are more smoke and lessens the amount of radiant heating from 
based on a design for a bush fire-survival tent that he the flames. So unburnt fuel ahead of the fire has less chance 



Zo dry nlu before tl~c flames r ~ a ~ ! i  i r .  <In ?he at;icr barid, oiis 
and waxes in ~ h r :  leavcs orcuca:gl~tuses prodvcz. !Ire opposi!~ 
effect, The) do no! significsnrlg Encm.~j.c th?. xl~ia~itl! t\T!~e.r,! 
I hc firc ~?rr~duces, bur encourage r:ipid bur ntng, w!lictl n a  kcs 
Tnon v:l.:ood bchsvc morc like dry fiicl. 

Scientists also s!udicd h e  way 1ha1 heat is  transferred 
through the hatk of a ire?, i!sitl ~hu~n.~rtiouplea ~dsccd jusl 
under the bark. Rtsistancc ro k c .  \i9t dts;or:red, dcplr~dr 
~;nut:h more on rhe thickness vI'l3r jnrk than its rnols!urr 
'-onttnr. and only large trecr wi~h  ?;lick ! w A  can svrvivt 
,evere fires. Even small !we$, however, arc usually 
tlridamxgwl by plnnncd burr.ir;g. ' n ~ a u s t  !!ht flames ticker 
bccomr 1101 enough to dnlnagc !!EL i i v i ! ! ~ ,  cel!s bchw the hark. 

Rcsea!.cl~ers measurcd 1!1e !cmly:5r%lrlre ~jlr:hr. flames tl~cn!- 
selvcs ind;rec~ly. Dtljenq surro:t~!drc! by k r n c  cnii expericl!uc 
radiation or in~cnsitics grcatcr ~ h m  103 kilowaiis ;)cr squarc 
metre (kWfrr,'l. Fire ligh~crs 2 mc.trrs Hway rrnm a Iint of 
flame 1 nietrc high encounter ;:car :.&J!~~ir:n uf 2 k\V/rn2 
which i s  painful 10 exllosed skin d?ti 3!) stccsnds. Major 
"wild" fires, likc the or~cs of  As11 \l'cdncs~isy l c83, p~'wJuce 
50 000 lo 70 000 kW pcr mctrc o? fir<+ front, wi!h 2 !ppica: 
o:ltl?ul oi' heal as high as 300 O:iO rlttp.r.l;tr?s per nti!: {thc 
t'c?LIlvai~ni of' 100 million sillg!,!c-5ar c!ec4::c fil 'c~j. 1 ! l  disw 
rcrs. .fires nray be nlaiiy kilomc~rcs tong, Eluw lo colrlrol 
ihcm? Prrvcntioi:. ~ ' ~ t l l ~ r t i i a n  i'u:!:r31, IS  i h t  0 1 : i ~  optitl~i, 13ut 
.s:c had nialte s m  ihirt ccm~mii~ci l>i:r;!inr:, wouid :!at ge: 
out Q?" hend, and ht wa!'c.c l i l r t r :  the dischse ic w a s  s ~ ~ ~ ) J > o s c ~  10 
tun?, 

Wc neec!cc! !a know 11orv smal! firc.5 CIZ~EIC~ ini:; large wild 
fires. a!ld hcgirn IG !ackle r ! ~ t  pri:!>!crv i? !Rc.  hi^ 1 060s in a 
scrics uf cxr>erirncnts. ? ' ~ C F C  arr ~ W D  1ypr5 01 c!i\:fia8;nl: wiltl 
fire, onc driven hy strotlg wirlck $kc ihc ~ s h  kircdi~csday 
outhlraksl and tirc o?hcr Tcd by i t s  a\r.!i t r s i ,  which :3!-rr- 

+dllCes. IhrOl~gh convtttlcjfl. c C ; r ~ x l j i  or sr!ic!k n!ortl r ban 

- .  . 

fi ki!omz:l7:s ]!id;, HF iijr Is S L I C ~ C ~  i l l  from all sides to fuel thc 
5r:. Nohnd!. ivmrld stan con?rol!cd burning when strorrg 
*,+finds ~ccr:: likely. But we hac? lo undtrstpnd conveclivc 
bvrning to prcuetll our controlled fircs rtlnnlng away. . 

Urt. i l~c idtd  rr: sludp such conflagrations 'by deliberalely 
!ig?:tiug firt.5, w i ~ h  the help or the forests department ai' 
1i'csro.a /igstrtliii. Furcs~crs dropped small inccndiarics from 
?IIC a::., ID slart t i i ~ s  when the wcarhcr discouraged t be devcl- 
opment of ;I ~:m~,jor l~usilfire. Our si tcs coaiailied about SO 000 
tc)nncs c:f' poli*ll~jaI filcl, spread over about 3000 !rcctarcs in 
each oftl~e 1 1 1 1 , ~ ~  ~ C S I S ,  WIIICJI colild burn at l h c  rate of 30 DO!; 
toiln,-sc~f irld orr Iloui.. Rcsti lrtl~r~ monitored tllc fires on thc 
~ I ~ o : I ! I ~  and f'roin ;::rcr.;tfi flying ~hroiigh the smoke columns. 

.!!I c n c l ~  o!'rl?c t!l;,cc tests, ail flowed fro111 all sides illto tlrc 
i:oi>~:ction colun~rl: niorc ~har: 400 cubic kilometres of air 
P R C ~  ~ I C  jlqb rnfli~\\*, tt1~11~11cnl l i~ixi~lg and rhc cffccl d' 
~rc~; l i l~ : lg  wilds). 4 c  wulcr Y H ~ > O I I ~  carricd aloft cotldcnscd, 
~ 1 0 t i I j ~  Iixntcd, hqorc. tllarl a n~illiorl tonnes o! water 
condr:lsed out of high altifudc in each of the cxperjmenrs. 

In the 1argci.l fire, ~ h c  ~{~lurnn of smoke rose to more that1 
4 kilamc~rcs. rill ~ h c  condcr~sjng walcr vapour increased rhc 
convcc~i~n  as i t  gave I I ~  latent heat to Ihr? ooltimn, This 
urot:ahIy corttributcd the cqujvalcnt of burning an additional 
49 000 tonncs o i  rt~el-tl~at is, doubling tllc conve,?tivc 
pnwzrs of rl~c fire. 

l'hc o'nly ivzy 10  ~ollirol such lirts is to reduce Lhe: amount 
of fuel ouaiiii:~lc--all o!llcr fac',c?rs arc. outside human control. 
Clur ;-cst:tlrh he1pi.d 19 cstablishcd c~.ileria for doing this 
snfcly. by kurniltg, 7 ' 1 ~  inrcnsity of a fire is, roughly propor- 
tio:~a! to lhr square of ~ h c  fucl quantity-increase fiicl by a 
I;tc~or 01' I IJ a:ld p u  i~?crcasc tkc jatensity of lhc fire by A ' 

fitcrclr 0:' 10C. -1.11~ ~ C S I ,  a11d chcapesl, way to conlro! thc:. 
klnout?r of f t r ~ !  avaiiil!~ie is iy bi~rsljnl: the bus11 intcntiondly' 
in sprink or ;1i:lum:1. when ~Itc.cundirionstirc rip111 lo product 
mild i l r s  : l r ; i ~  \i~i!i 1101 gct out of hand. 

So ccoiogists carnc Imck lo thcl Aboriginal technique, but 
fipgmdcd t:) ~ z k e  i idv~~ltafic of modern technology. Li;gh~ 
aircrirft carrying m a l l  incendiary capsules, cosllng oniy a ,ew 
cents C S C ~ I ,  SCI ligt!~ 10 icrcs~ i t 1  predcrcrrnincd s p w ,  which 
for111 a grid p s t t o . ~ ~  over a wjdc area. Foresters space the 
capsulcs ttcol'ding Is the prevailing conditions, so the fires 
dcvclop siowiy and bur11 gently throughout the day. The same 
firtj !ink up 011lj; In llic cool of thc evening, and as they run 
in!c tach o:hcr ~ h u y  ex~inguid~ ~hemseives. Tlte technique is 
tlxtl-emcly versa~ile: on holter or more windy days, nloistcr 
srfciions ol' Ijrcst drt bur11cd. On cooler days the drier, open ?- 

areas, or ridge trbps. arc t~~carcd. The aim is to produce a fire 
t h ~ 1  ~ ~ I I I V C S  e0n~is1~1111y from day to day, 
D. 11. Packbsm, of the CSIRO's team, developed thc 

rnr~hod of 1igi:tifig fircs from aircraft. It !s now routine, 
esyecia!ly in li'cstern t'iustralia. Mobjlc rad~o bcacons guidc 
thy slircrafl on thr dcsired flight paths, and a scn~iautomatic 
!nachjr:c cjcc.13 inccndaries at suitable intervals. A single 
aircraft can bun1 ul) to 250 sq uarc kilomctres each day wl~clt 
lilt. conditions are sui~able. 

Scjcntists in ot!~cr parts of the world have alscl sludied 
large--scale fil-cs. Tl~c  US Fores~ Service, Tor example, has 
changcd its prircticcs dran~atically in the past 20 10 25 yean, 
l'!a~,!~cd burning is no longer suspect, and in solnes cases the 
US f:~rcsi Scntcc has adopted "lct burn" policies for fircs 
sturIcd hy ljgl~tning s~rjkcs or uthw natural causes. This 
approach ha%, howrver, ~!ot yet bcen universally ndoplcd, 111 
1 hailand. fcr cxa!~~l,le, it is s~ill oficiaI policy lo prevent fires, 
because af thr risk lo wildlife. This policy has been ques- 
tinned Lly rrjc;irciins who point out that, as a result, when 
fircs do break 0111 tllcy arc likely 10 be very intense. bccause 
of ;hc b~t~ld-up of :ornbus!il>le material (htnrrrrr, vol 325. 
p 466). J'e1.11ap~ ofhcr countries can still learn from the 
husrrirlian CXPC~~CI)&:C. 0 
t---.-. 7 

! Rcbert G Vines w a s  ir: charge of !he CSIRO Bosh F ~ r e  Resoarcl? \ 
I Soc:~c,:t i i s r i ~  1965 ro 1374. 
I -- .- _.-- _. - -- 
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Note 101 

Weed control 

for native plants 

Weeds l ook  u n s i g h t l y  i n  ornamental p l a n t i n g s  b u t  t h e  main b e n e f i t  from 
c o n t r o l 1  i ng them i n  any s i t u a t i o n  i s  i n  t h e  conserva t ion  o f  s o i l  water  
and n u t r i e n t s  f o r  t h e  growth o f  seedl ings.  The photos below show t h e  
growth c o n s t r a s t  o f  seed l i ngs  a f t e r  one yea r  w i t h  and w i t h o u t  weed c o n t r o l .  

T h i s  research no te  covers  t h e  weed c o n t r o l  techniques,  i n c l u d i n g  h e r b i c i d e s  
t h a t  have been used w i t h  success when e s t a b l i s h i n g  seed l i ngs  i n  Woods and 
F o r e s t s '  *tri a1 work. 

Weed c o n t r o l  t i m i n g ,  area t o  t r e a t ,  l e n g t h  o f  c o n t r o l  and o t h e r  aspects on 
e s t a b l i s h i n g  seed l i ngs  can be found i n  Fac t  Sheet No. 8, "Broadacre 
Es tab l i shment  Techniques". 

*The M i n i s t e r  o f  F o r e s t s  accepts no l i a b i l i t y  f o r  t h e  use of these t r i a l  
r e s u l t s  i n  o t h e r  s i t u a t i o n s .  



Think o f  weed c o n t r o l  i n  two phases. F i r s t l y ,  k i l l i n g  e x i s t i n g  weeds and secondly, 
p r e v e n t i  ny f u r t h e r  weeds becorni ng es' tabl  ished. Jus t  k i  1  l i n g  t h e  weeds be fo re  p l a n t i n g  
i s  usual l y  n o t  enough, because i n  most s i  t u a t i o n s  weeds w i l l  q u i c k l y  invade t h e  
c l ea red  area. Repeated c u l t i v a t i o n ,  o r  t h e  repeated use g f  knockdown he rb i c i des  
can be used t o  keep t h e  area weed f r ee .  A l t e r n a t i v e l y ,  research has shown t h a t  ONE 
a p p l i c a t i o n  of s o i l  - r e s i d u a l  h e r b i c i d e s  can keep t h e  area weed f r ee  f o r  inany months. 
The techn ique  t o  use depends on what s u i t s  you, bu t  t h e  impor tan t  t h i n g  t o  do i s  
KEEP THE AREA WEED FREE. 

C u l t i v a t i o n  

C u l t i v a t i o n  i s  most u s e f u l  when i t  i s  done p r i o r  t o  p l a n t i n g  as a p a r t  o f  
paddock 'wo rk i ng '  o r  when t h e  rhizomes o f  p e r r e n i a l  grasses a re  t o  be exposed 
so t h a t  they  d r y  out .  4 1 ~ 0 ,  most s o i l - r e s i d u a l  h e r b i c i e s  work b e t t e r  when 
they a re  a p p l i e d  t o  a  c u l t i v a t e d  s o i l ,  r a t h e r  than  one w i t h  l a r g e  c l ods  o f  
s o i l  and l o t s  o f  o rgan i c  ~ n a t t e r .  However, c u l t i v a t i o n  b r i n g s  weed seeds t o  
t h e  sur face,  i t  t u r n s  i n  dead weeds and causes t h e  l o s s  o f  the mulch e f f e c t ,  
i t  can damage t h e  sha l l ow  r o o t s  o f  n a t i v e  p l a n t  seed l ings  and i s  a  l o t  o f  
work i f  i t  has t o  be done by hand i n  among seedl ings.  

Knockdown He rb i c i des  

E x i s t i n g  weeds can be k i l  l ed  u s i n g  a  knockdown h e r b i c i d e  (e.9. g lyphosate,  
d i q ~ l a t ,  pa raqua t )  e i  t h e r  p r i o r  t o  p l a n t i  ~ g ,  a f t e r  p l a n t i n g  bu t  w i t h  seed l i ng  
p roLec t i on  o r  a f t e r  p l a n t i n g  w i t h o u t  p r o t e c t i o n  when t h e  h e r b i c i d e  I s  s e l e c t i v e  
(e. g. Fus i  1 adem and Se r t  i n@ a r e  s e l  e c t i  ve f o r  grass c o n t r o l  ). Weeds knocked 
down a f t e r  they have grown t a l l e r  t han  5 c e n t i m e t r ? ~  a r e  sometimes e f f e c t i v e  as 
a mulch t h a t  l i ~ n i  t s  f u r t h e r  weed seed germinat ion.  However, repeated :lse o f  
knockdown he rb i  c i d e s  genera l  l y  i s  requ i  red  t o  p reven t  f u r t h e r  weeds becomi ng 
es tab l i shed .  Th is  can be avo ided w i t h  t h e  use o f  a  s o i l - r e s i d u a l  h e r b i c i d e .  

Label  r a t e s  f o r  knockdown h e r b i  c i  des shoul d  be f o l  1  owed. Some knockdown he rb i  c i  des 
have r e s i d u a l  e f f e c t  t h a t  darnages seed l ings  h u t  those mentioned above have no t  
been found t o  a c t  i n  t h i s  way. 

Soi 1  - r e s i d u a l  He rb i c i des  

Soi  1  - r e s i d u a l  h e r b i c i d e s  genera l  l y  do no t  have a  knockdown e f f e c t ,  b u t  they  
k e e c t h e  -. s o i l  weed f r e e  once t h e  e x i s t i n g  weeds have been k i l l e d  w i t h  a  knockdown 
herbicide, o r  by c u l t i v a t i o n .  There a re  severa l  methods i n  which s o i l  - r es i dua l  
h e r b i c i d e s  a re  be i  ng used. 

A. Spray ing a e f o r e  P l a n t i n g  

1. Spray/? l  an t  
The r e s i d u a l  a e r b i c i d e  i s  a p p l i e d  t o  t h e  s o i l  b e f o r e  p l a n t i n g .  I n  a l o t  o f  
cases the  r e s i d u a l  h e r b i c i d e  can be mixed w i t h  a  knockdown h e r b i c i d e  so t h a t  
o n l y  one sp ray i ng  o p e r a t i o n  has t o  be done. (see m i x i n g  gu ide - page 5 )  

Spr ay/Scrape/?l  a n t  
T h i s  i s  the  same as 1. excep t  h e r b i c i d e  contaq i  na ted  s o i l  i s  scraped away 
f rom t h e  area where t h e  s e e d l i n g  i s  t o  be p lan ted .  Herb ic ides  t h a t  have t o  
be  t r e a t e d  i n  t h i s  Nay have sometimes damaged seed l ings  when no t  scraped 
away. The contaminated s o i l  has f a l l e n  down t h e  p l a n t i n g  h o l e  and t h e  
h e r b i c i d e  has Seen taken  up by t h e  root:; o f  t h e  seedl ings.  These he rb i c i des  
have Seen used w i t h  s a f e t y  when a  2-3 cen t ime t re  depth o f  s o i l  i s  removed 
frorn an area 1 5  cen t ime t res  x  15 cen t imet res .  I t  can be done w i t h  hand 
t o o l s  o r  t r a c t o r  mounted equi  pmerlt t h a t  throws a s u f f i c i e n t  area o f  contarni nated 
s o i l  away f rom t ? e  p l a n t i n g  zone. 



Scrape PI ant 

8. Spraying A f t e r  P lan t ing  

1. Pl ant/Spray 
Af te r  t he  e x i s t i n g  weeds a re  k i l l e d  and the  seedl ings p lan ted a res idual  herb ic ide  
i s  appl ied w i thout  p r o t e c t i n g  t h e  seedl ing f o l i a g e  f rom t h e  res idua l  spray. 

2. Plant/Spray w i t h  P ro tec t i on  
Some residual  herb ic ides  w i l l  damage t h e  seedl ings i f  they contact  t he  fo l iage.  
I n  these cases t h e  methods of 1. (above) i s  used b u t  seedl ings must be covered 
w i t h  a bucket, a p iece of P.V.C. p ipe o r  something t h a t  ensures no herb ic ide  
spray contacts t h e  f o l i a g e  o f  t h e  seedlings. 

3. PlantlSpray w i t h  P ro tec t i on  w i t h  Knockdown Herb ic ide  Included. 
Sometimes i t  i s  convenient t o  k i l l  t h e  weeds and app ly  t h e  res idua l  he rb i c ide  
i n  one spray a f t e r  p lan t ing .  I n  these cases t h e  seedl ings have t o  be protected 
from t h e  spray 'unless both t h e  knockdown and t h e  r e s i d u a l  he rb i c ide  w i l l  not 
harm t h e  seedlings. 

The fo l lowing t a b l e  l i s t s  s o i l  res idua l  herbic ides,  t h e i r  ra tes  and methods of 
use, t h a t  have been used w i t h  safety on a range of shrubs and t rees  i n  research 
t r i a l s  and p l a n t i n g  p'rojects. 

Weeds C o n t r o l  1 e d  R a t e  (Product  p e r  h e c t a r e )  

broad- 
sand g r a s s e s  l e a v e s  - 1  oam - clay 

S u r f  l a n e  yes  few 4.5-5.0 L 5.0-5.5 L 5.0-6.0 L 
(500g/L o r y z a l i  n )  

Goale some y e s  4-5 L 4-6 L 4-6 L 
(240g/L o x y f l  u o r f e n )  

Kerbo Yes few 1.5-2.0 k g  2.0-2.5 k g  2.0-3.0 k g  
(SOOg/L propazamide)  

Gesami l o  many many 1.2-1.6 k g  1.5-3.0 k g  2.0-4.0 k g  
(SOOg/L p r o p a z i  n e )  0.9 k g  1.5 k g  2.0 k g  

Gesat op* most y e s  1.0-1.6 L 1.4-3.0 L 2.0-4.0 L 
(500g/L s i m a z i n e )  0.7 L 1.4 L 2.0 L 

Methods Used 

Key t o  t h e  p a r t i c u l a r  h e r b i c i d e  and method combinat ions.  
S = S u c c e s s f u l l y  used i n  r e s e a r c h  t r i a l s .  
N = S u c c e s s f u l l y  used,  b u t  n o t  found neccessary .  
D = Damage has r e s u l t e d .  
n.a. = N o t  a p p l i c a b l e .  



Weeds Con t ro l  1  ed - 
Rroadl eaves 

S p e c i f i c  weed spectrums a re  d e t a i l e d  on l a b e l s ,  h u t  gene ra l l y ,  o f  those  l i s t e d ,  t h e  
h e r b i c i d e s  most success fu l  i n  c o n t r o l l i n g  broad l e a f  weeds a r e  Gesatops, GesamilB and 
Goal@. GesatopB i s  cheaper t h a n  Gesamils which i s  cheaper t h a n  Goal@. However Goal@ 
i s  s a f e r  t han  Gesamila which i s  s l i g h t l y  s a f e r  GesatopB. I n  o t h e r  words, t h e  s a f e s t  
chemical i s  t h e  most c o s t l y !  However t h e  r a t e s  l i s t e d  i n  t h e  t a b l e  have been used w i t h  
s a f e t y ,  so when a  sma l l e r  s a f e t y  marg in  can be p u t  up w i t h  i n  o rde r  t o  save d o l l a r s ,  
GesatopB o r  Gesami l@ i s  used, b u t  where a  l a r g e r  degree of sa fe ty  i s  requi  red then  
Goale i s  used. 

, Grasses 

I n  some s i t u a t i o n s  Gesatops and Gesamilo w i l l  c o n t r o l  t h e  grasses as w e l l  as t h e  
broad leaves ,  b u t  i n  heavy grass i n f e s t a t i o n s  a r  when a p p l i e d  e a r l y  i n  t h e  season 
{eg: May-July)  t h e n  ~ l s l l a l  l y  S u r f l a n B  o r  Kerb@ has t o  be added f o r  complete grass 
c o f i t r o l  . S u r f l a n s  and Kerb@ have a l s o  been used f o r  complementing t h e  weed 
spectrum of Goal @. 
blore on in i x i  ng h e r b i c i d e s  i s  g i v e n  on page 5. 

Notes on t h e  He rb i c i des  

1. Gesatops and GesamilB 
I f  e i t h e r  ~f these two h e r b i c i d e s  a re  used p r i o r  t o  p l a n t i n g  t h e n  t h e  scrape 
t echn ique  has t o  be used. I f  used a f t e r  p l a n t i n g  l owe r  r a t e s  a r e  t o l e r a t e d  by 
t h e  seedl ings'  because t h e  chemical i s  on t h e  ground immediately above t h e  
r o o t  system o f  t h e  seeding. ( C a l l i t r i s  spec ies have shown marked t o l e r a n c e  
t o  these  two h e r b i c i d e s )  

On sandy s o i l s  t h e  r a t e s  found t o  be safe f o r  p o s t - p l a n t i n g  overspray ing  have 
been marg ina l  f 3 r  weed c o n t r o l ,  b u t  t h e  r a t e s  s a f e  f o r  t h e  scrape technique 
a r e  h i g h e r  and g i v e  b e t t e r  weed c o n t r o l .  However f o r  a1 1  s o i l s  t h e  h i ghe r  
r a t e s  w i t h i n  t h e  range f o r  t h e  scrape t echn ique  have no t  been t e s t e d  y e t  
f o r  t h e i r  s a f e t y  i n  h i g h  r a i n f a l l  areas, wa te r  logged areas, o t h e r  s i t u a t i o n s  
where a  l o t  o f  h e r b i c i d e  l e a c h i n g  i s  expected, o r  on h i g h l y  a l k a l i n e  s i t e s  

Goal @ 

Goal@ i n  p a r t i c u l a r  has g i v e n  bes t  weed c o n t r o l  when a p p l i e d  t o  a  c u l t i v a t e d  
o r  t r a s h  f r e e  s o i l .  For  t h i s  reason i t  per forms b e s t  when t h e  weeds a re  
k i l l e d  about 5 weeks be fo re  a p p l y i n g  Goals. Goal@ w i l l  k i l l  most young 
seed l i ngs  t h a t  may come up i n  t h i s  5 weeks. A l so  Goal@ does a  b e t t e r  j o b  
when app l i ed  i n  c o o l e r  weather. Whi le  Goal@ a p p l i e d  b e f o r e  p l a n t i n g  has 
been s a f e  i n  t r i a l  work, excess ive  s o i l  d i s t u r b a n c e  a t  p l a n t i n g  can des t roy  
t h e  Goal@ b a r r i e r  and a1 low weeds t o  escape. It has been used most as a  
pos t -p l  a n t i  ng spray,  w i t h o u t  c o n t a c t i  ng t h e  s e e d l i n g  f o l  i age. 

3. S u r f l a n a  and Kerb8 
These two h e r b i c i d e s  p r i m a r i l y  c o n t r o l  grasses and i t  i s  p robab ly  f o r  t h i s  
reason t h a t  t hey  have shown a  h i g h  degree of s a f e t y  w i t h  n a t i v e  p l an t s .  

4. O ther  ?es idua l  He rb i c i des  
There has been severa l  r e p o r t s  o f  success f~ l l  s e e d l i n g  es tab l i shment   sing 
t r i f l u r a l i n  (eg: T r e f l a n a ) ,  bu t  i t  can o n l y  be used where mechanical 
i n c o r p o r a t i o n  p r i o r  t o  p l a n t i n g  i s  poss ib l e .  



Atraz ine  (eg: Gesaprimm) and products which i n c l u d e  a t raz ine  i n  them 
(eg: Vorox AA@) have sometimes been used w i t h  t h e  scrape technique w i thout  
damaging seedlings, but  t he re  have been many cases when seedl ing damage 
has resul ted.  

M i  x i  ng Herbicides 

As we1 1  as mix ing res idua l  herb ic ides  t o  improve t h e  weed spectrum con t ro l  1  ed, i t  
i s  sometimes advantageous t o  apply s o i l - r e s i d u a l  and knockdown herbic ides i n  t h e  
same spray operat ion. The f o l l o w i n g  t a b l e  summarizes t h e  compatabi 1  i t y  in fo rmat ion  
o f  t h e  s o i l  res idua l  herb ic ides  mentioned above; w i t h  each o ther  and w i t h  some 
knockdown herbi  c i  des. 

Residual Knockdown 

I 

a t r a z i  ne 'Gesapr i f l "  
o ryza l  i n  "Surf lan*"  
oxy f luor fen  "Goal*" 
propazamide "Kerb*" 
propazi  ne "Gesamil*" 
s imazine "Gesatope" 

NT NA NT NA NA 
. L S S L  . . S N A N A  . . .  S S  
N A  

KEY - 
L = l a b e l s  support mix ing 
S = successful ly  used i n  research t r i a l s  
NT = not  t e s t e d  
NA = no a p p l i c a t i o n  l i k e l y  fo r  t h i s  combination 

*Monsanto recomnend t o  mix c r y s t a l l i n e  amonium sulphate  a t  2 ki lograms p e r  100 L 
of spray s o l u t i o n  when using t h i s  combination; on ly  necessary w i t h  simazine i f  
using l e s s  than 3 L per  hec ta re  o f  Roundup0 (glyphosate).  

Mixed herb ic ides  need t o  be used w i t h  a  technique t h a t  s u i t s  bo th  herb ic ides.  
For example, Su r f l ana  can be used w i thout  seed1 i n g  p ro tec t i on ,  bu t  if mixed 
w i t h  Goal@ p r o t e c t i o n  i s  needed. 

When mix ing  s o i l  res idua l  he rb i c ides  i s  appropr'ate, l a b e l  i n fo rma t ion  i n d i c a t e s  
t h a t  d r y  f lowables and wet tab le  powders should be added t o  t h e  water i n  t h e  tank 
f i r s t  and a g i t a t e d  u n t i l  they are  completely dispersed. Next t o  be added a re  
s o l u t i o n  products and emu1 s i  f i abl  e  concentrates 1  ast.  

Label recommendations f o r  mix ing  knockdown and res idua l  herb ic ides  usual l y  f o l l  ow 
t h e  order  o f  - 
1. F i l l  t h e  spray tank 113 t o  1 / 2  f u l l  w i t h  water and s t a r t  ag i ta t i on .  
2. If c r y s t a l i n e  ammoni um sulphate i s  t o  be added, wash i t  through a mesh screen 

i n t o  t h e  tank and mix thoroughly. 
3. Add t h e  res idua l  h e r b i c i d e  and mix thoroughly. 
4. Add t h e  knockdown and mix thoroughly. 
5. Ma in ta in  a g i t a t i o n  and use t h e  m ix tu re  promptly. 

Check 1  abel i n s t r u c t i o n s  f o r  a1 1  chemicals. 



A l l  o f  t h e  s o i l - r e s i d u a l  he rb i c ides  mentioned above (except oxyf luor fen)  requ i re  
r a i n f a l l  incorpora t ion .  For  t h i s  reason, t h e i r  use has been r e s t r i c t e d  t o  t h e  
r a i n y  season, except where i r r i g a t i o n  has been used t o  incorpora te  them (e.g. water 
winch, sp r i nk le rs ) .  

Oxy f luor fen  on ly  needs t o  be app l i ed  t o  bare damp s o i l ,  which a lso can be achieved 
w i t h  i rri g a t i  on i f  r a i  n f a l  1  i s  inadequate. 

Herbic ides i n  Depressions 

When seedl ings are  p lan ted  i n  t h e  
bottom o f  a  bas in  r i  p-1 i ne o r  o the r  
depression t h e r e  i s  a  chance t h a t  
herb ic ides  leach ing  t o  t h e  lowest  
p o i n t  w i l l  damage them. When t h i s  
leach ing  i s  suspected ( i  .e. h igh  - b  . 
r a i  n f a l  1  , very sandy so i  1 s  ) seed1 i ngs 
a re  p lan ted  on t h e  s ide  o f  t h e  bas in  o r  
t h e  ' h i l l '  o f  t h e  r i p - l i n e  (as i l l u s t r a t e d  
opposi te)  o r  any h igher  ground. 

The f o l l o w i n g  are  examples o f  how t h e  he rb i c ides  mentioned above have been used. 

1. 1,500 t rees,  .mainly Eucalyptus speci es bu t  some Acaci a, Ca l l  i t  r i  s  and 
Casuarina species were p lan ted  i n  a  sandy loam i n  a  450 mm r a i n f a l l  
area. P l a n t i n g  was done i n  autumn. E x i s t i n g  weeds were knocked down 
w i t h  Gramoxone@ and Reg1 one" a t  l a b e l  rates,  seed l i  ngs were p lanted on 
t h e  ' h i 1  1  ' o f  r i p - l i  nes and sprayed w i thou t  p r o t e c t i o n  w i t h  Sur f lane a t  
5.5 L/ha p l u s  GesamilQ a t  1.5 kg lha  us ing  a  knapsack. 

2. 100 Eucalyptus camaldulensis were p lan ted  on a  sand over c l a y  s o i l  i n  a  
450 mmlannum r a i  n f  a1 1  zone. Exi s t i  ng weeds were k i  1  1  ed by c u l t  i vat  i on, 
seedi ngs were p lanted,  and, w i t h  seed l i  ng p ro tec t i on ,  Goal@ a t  4Llha p lus  
Kerb@ a t  2kgIha were app l ied  t o  t h e  s o i l .  

3. A m ix tu re  o f  species were p lan ted  on a  sandy loam i n  spring. Roundup@ 
( l a b e l  ra tes )  and Gesatope a t  2L/ha were sprayed, scraping was done, and 
seed1 i ngs planted. 

Perenni a1 Weeds 

Areas w i t h  perennia l  weeds have been t r e a t e d  p r i o r  t o  seed l ing  p l a n t i n g  t o  reduce 
t h e  weed pressure. C u l t i v a t i o n  o r  t rans loca ted  he rb i c ides  (e.g. glyphosate) can 
be used, and sometimes need t o  be done t h e  prev ious season as we l l  as j u s t  p r i o r  
t a  plaf i t ing.  Growth o f  perenn ia l  weeds a f t e r  p l a n t i n g  e i t h e r  has t o  be accepted, o r  
spot-sprayed us ing  seed l i  ng p r o t e c t i o n  o r  b lanket  sprayed i f  i t  i s  suscept ib le  t o  
t h e  s e l e c t i v e  grass herb i  c ides  (e.g. Fusi  1  adea, S e r t i  no). 

Equi pment 

The sca le  o f  t h e  j o b  and resources a v a i l a b l e  determines whether veh ic le  mounted 
equipment ( i  .e. r i ppe rs ,  spray tanks)  o r  hand equipment ( i  .e. mattocks, knapsacks) 
a r e  most su i t ab le .  Help f o r  c a l i b r a t i n g  boom sprayers i s  found i n  Department 
of A g r i c u l t u r e  f a c t  sheets: No. 10186 " S e t t i n g  up a  boom sprayer". No. 11/86 
"Boom sprayer c l  eani ng, mai ntenance and c a l  i b r a t i  on". The f o l l  owi ng notes 
o f f e r  some help f o r  knapsack ca l  i b r a t i o n  f o r  s o i l  - res idua l  herbicides. 



The two t h i n g s  t o  work ou t  a r e  t h e  ( 1 )  t h e  volume of water  you knapsack p u t s  out  
over  a  c e r t a i n  area and ( 2 )  t h e  amount o f  chemical t o  p u t  i n  you r  knapsack. 

1. Volume of water  over  a  c e r t a i n  area ( V  L/ha) 
S t  r i  p  Spayi ng 

Using wate r  on l y  i n  t h e  knapsack spray i n t o  a  c o n t a i n e r  f o r  a  g i ven  t ime  
e.g. two minutes. Measure t h e  volume i n  l i t r e s .  Then spray a  s t r i p  o f  
ground f o r  t h e  same p e r i o d  o f  t ime  and measure t h e  area ( l e n g t h  by b r e a t h )  
i n  square metres. 
C a l c u l a t e  t h e  ou tpu t  as, 
V = l i t r e s  used x  10,000 (L /ha)  

square metres 

Spot Spray ing 
S t r i p  sp ray ing  w i l l  g i ve  a  t o t a l  l y  d i f f e r e n t  r e s u l t  than wa l k i ng  i n  a  c i  r c l e  
around a  seed l ing .  Us ing water  i n  t h e  knapsack spray a  number o f  spo ts  
(2.9. 20) t h e n  measure t h e  wa te r  used and t h e  average area o f  t h e  spots.  
Cal c u l  a t e  t h e  output .  
V= I i t r e s  used x  10,000 

number o f  spots  x average area of spots  (L /ha)  

A wa te r  ou tpu t  o f  a t  l e a s t  200 L /ha  i s  needed f o r  rnost s o i l  r e s i d u a l  I i e rb ic ides .  
C e r t a i n  t h i n g s  w i l l  a f f e c t  t h e  wa te r  ou tpu t  and a  c a l i b r a t i o n  has t o  be done 
when any o f  them i s  changed. They i nc l ude ;  . Nozzle  t y p e  w i t h  d i f f e r e n t  ou tpu t .  

The h e i g h t  you h o l d  t h e  nozzle,  which a f f e c t s  t h e  w i d t h  o f  t h e  spray,  which 
a f f e c t s  t h e  area you a re  cover ing.  . Your wa l k i ng  speed. I t  i s  b e s t  t o  c a l i b r a t e  a t  a  wa l k i ng  speed you a re  
comfo r t ab le  w i t h .  . The ope ra t i ng  pressure.  Some knapsacks have p ressure  gauges, b u t  t h e  
impo r tan t  t h i n g  i s  t h a t  i t  i s  kep t  r e l a t i v e l y  cons tan t .  

2. Amount o f  Chemical 

The amount o f  chemical t o  p u t  i n  a  knapsack i s  c a l c u l a t e d  by us i ng  t h e  
formu1 a, 
Amount = Ra te l hec ta re  x c a p a c i t y  o f  kna sack 

V ( t h e  L/ha you c a l c u l a t e d  
Example 

-+- 
You used 1.65 l i t r e s  sp ray ing  20 spo ts  o f  3 m2 area, and you want t o  use 
Gesatopa a t  1.5 L/ha. Your knapsack ho lds  15 l i t r e s .  
V = 1.65 -- x  10,000 = 275 L l h a  

20 x 3 
Amountlknapsack = 1.5 x 15 

27 5 
= 0.082 l i t r e s  
= 82 m i l  1  i 1  i t r e s  GesatopB f o r  each 15 L knapsack 

I t  cannot be over-emphasised t h a t  c a l i b r a t i o n  must be done f o r  each p a r t i c u l a r  
knapsack, w i t h  a  p a r t i c u l a r  nozz le ,  f o r  one opera to r ,  u s i n g  one spray ing  
system ( i . ~ .  sp ray i ng  i n  a  s t r a i g h t  pass o r  i n  c i r c l e s  as you walk around a  
t r e e ) .  These v a r i a b l e s  a f f e c t  t h e  chemical ou tpu t  many t imes over. Improper 
c a l i b r a t i o n  w i  11 l e a d  t o  e i t h e r  i n e f f e c t i v e  weed c o n t r o l  o r  o v e r - a p p l i c a t i  on 
and t r e e  death. 

F o r  Inore i n f o r m a t i o n  con tac t  t h e  Na t i ve  P l a n t  Sect ion,  Murray Br idge,  South 
A u s t r a l i a ,  te lephone  (085) 32.3344. 



The Nat ive Plant  Sect ion provides t h e  f o l  low i  ng services: 

. Rural Tree Scheme - app l i ca t i ons  from A p r i l  t o  October each year f o r  
seed1 i ng supply i n  t h e  f o l  lowing autumn o r  spring. A t t r a c t i v e  d i  scounts 
apply 

. Farm t r e e  plans. Landscaping plans and contracts. 

. Contract  t r e e  p l a n t i n g  f o r  woodlots, windbreaks, s h e l t e r  b e l t s ,  shade,sal i n i t y  
amel i o r a t i o n  and e f f l uen t  d isposal  . 

. D i r e c t  seeding con t rac ts  us ing  n a t i v e  species mix o r  lucerne t ree .  

Nat ive  p l a n t s  and i n fo rma t ion  on species t o  s u i t  i n d i v i d u a l  needs are a v a i l  able 
from Woods and Fores ts  Nat ive  P lan t  Sales Out le ts  a t  - 
Murray Br idge Nat ive  P lan t  Section, Bremer Road, Murray Br idge 

Open 7.30 a.m. t o  4.30 p.m. weekdays 
Telephone (085) 32.3344 

Be1 a i  r I n s i d e  B e l a i r  Recreat ion Park, adjacent Old Government House 
Open 7  days, 8.00 a.m. t o  4.00 p.m. weekdays and 

10.00 a.m. t o  4.00 p.m. weekends 
Telephone (08) 278.7777 

Cavan Corner of Diagonal and Goldsbrough Roads, Cavan 
Open 8.00 a.m. - 5.00 p.m. weekdays and 8.30 a.m. t o  noon Saturday 
Tel  ephone (08) 262.6509 

B e r r i  Woman St ree t ,  B e r r i  
Open 10.00 a.m. t o  4.00 p.m. weekdays 
Tel  ephone (085) 82.1599 

Bundal eer Bundaleer Fores t  Reserve, 9 km south o f  Jamestown 
Open from May t o  October between 1.00 p.m. t o  4.00 p.m., 
Tuesday t o  F r i day  
Tel ephone (086) 65.4044 

Chip In' bark mu1 ch and o the r  products are a lso  a v a i l a b l e  a t  some o f  t he  above 
ou t l e t s .  



Thanks to Ian Higgins for contributing the following article. 

Rediscovering firestick 'farmingy - Regeneration of indigenous plantscapes 
with native grasses 

by Ian Higgins 
38 Main Road, Campbells Creek, Victoria 3450 

Control of the ground layer is vital in any revegetation work The ground layer is where 
recruitment of both weeds and native plants takes place. If management can tip the 
balance of recruitment in favour of the natives, we could win a few battles in the fight to 
conserve viable native vegetation. The experiences described below show that local native 
grasses and fire can be used to gain control of the ground layer. Once weeds are reduced, 
regeneration of a range of other species becomes possible. 

John Robinson lives at Strathfieldsaye, near Bendigo (rainfall 550 mm. p.a., elevation 
220 m.) on the silty soils next to Sheep Wash Creek. His interest in wildlife and 
native vegetation has led him to work at increasing the extent of the remnant native 
grasses that were patchily present amongst the weeds. The grass species are mainly 
Danthonia linkii, and D. racemosa, with some D. procera, D. duttoniana, and D. 
eriantha Elymus scabrus, Microlaena stipoides, Stipa scabra ssp. falcata, S. mollis, 
Aktida behriana, and Themeda triandra are also present. There are very few 
broadleaf herbs and few species. They included Pelmgonium rodneyanum, Rumex 
brownii, Altemanthera denticulata (and a so far unidentified Alternanthera) and locally 
rare Glycine tabacina and Desmodium vananam. 

The five acres have been John's house block for twenty years and are now a marked 
contrast to the adjacent paddocks. The ground layer vegetation there, like most of 
the district, is dominated by annual weeds (Wild Oat, Bromes, Barley Grass, Silver 
Grass, Capeweed etc.) Away from the trees perennial weeds (Docks) and exotic 
pasture species (Phalaris) occur. In this situation, which is widespread in much of 
rural Victoria, there is very little regeneration of any native vegetation, including 
trees. 

6' 

Previously John hand weeded amongst some of his native grass patches and this has 
allowed the stands of grass to thicken up. Now he is able to sweep up the fallen 
Danthonia seed (uncontaminated by weed seed) and use it to sow new areas. 

Recently, he has started using fire to achieve weed control. He feels that autumn or 
summer fires are of no disadvantage to annual exotic weeds and burning at these 
times simply maintains the status quo. 



By burning in spring (the fuel load is provided by the previous season's ungrazed 
' growth) he has found that :he balance. is tipped in favour of the native (perennial) 
grasses which recover well from (and seem rejuvenated by) fire even when quite small 
plants. Burning at this t i o x  retards and often destroys the annuals present, reducing 
their seed set. It also !~el;is remove the layer of partly decolnposed plant residues 
(grass and tree leaves) zncl exposes mineral soil, 

John emphasises that this iiiter layer is of great importance as its presence seems to 
favour and support the growth of annual weeds and preclude the regeneration of 
native species, He rakes up any unbur~t  litter i n t ~  11eaps for burning later. 

Burning in this manner has allowed the native grasses to regrow and produce a seed 
crop, and new seedlings coloi?ise the bare soil. 

Tree and shrub seedlings also Cnd ample opportunities to regenerate, although rhe 
next year's burning will kill or cut them back. Xf applied on a broad scale, this regime 
would create an open grassy landscape just as Aboriginal firing practices are said lo 
have. When John wmts the seedlings to survive, he avoids burning them in the next 
year. 

The point is that there are of seedlings regenerating. (Perhaps herbaceous 
ground flora species could be re-established the. same way?) 

John's experiences show  ha! b;:rcing can help rejuvenate remnant vegetation. Does 
this mean we have our rura! revegetaiion (tree planting) priorities arse about? 
Perhaps if we focllsszd on inanaging the vegetation at ground level, the re- 
establishment of trees would take care of itsclf (given a seed source), 



The following article is one of a series of native grass revegetation information sheets 
produced by Bushland Flora, P.O. Box 312, Mt. Evelyn, Victoria 3796. It is reprinted 
with permission. 

REVEGETATION OF WALLABY GRASSES (Dmrfholria spp.) 

Introduction 

These guidelines have been prepared to help in the establishment of Wallaby Grasses 
(Danthonia species) from seed supplied by Bushland Flora. 

Site Selection 

There are two important aspects of site selection: 

1. The site must be completely weed free. Wallaby Grasses are not as vigorous 
as most exotic grasses and herbs and will bot be able to establish if they have 
to compete with them. Sites which are poor in nutrients, with low moisture 
levels (like under trees), sunny north-facing, and few existing weeds, are best 
suited to Wallaby grasses. 

2. The site must not be invaded by weeds within three to four months. Wallaby 
Grasses are slow to establish and if the site is initially weed free, but weed 
seeds germinate within three to four months then it is likely that the young 
Wallaby Grass seedlings will be smothered. 

For these reasons we recommend Wallaby grasses be sown only onto virgin subsoil 
which is free of weed seeds, or that extensive site preparation works are undertaken 
to eliminate all weeds and weed seeds. 

Wallaby Grasses are suited only to low wear situations, and do not tolerate large 
amounts of foot or vehicle trasc. 

Seedbed Preuaration 

Sites which contain weeds should be sprayed (when the weeds are actively growing) 
with "Roundup" (Glyphosate) several times at three to four week intervals to kill 
existing growth and subsequent weed regrowth. 

The seedbed for lawns needs to be properly prepared for best results, including rotary 
hoeing and raking. For sites such as embankments it is best to scarify the soil surface 
to enable the seed to get a good hold into the soil, but rotary hoeing is normally 
impossible. 



Sowing 

Wallaby Grasses require cool temperatures and high moisture levels for germination, 
and must be well established to survive the first Summer. For these reasons we 
recommend sowing in autumn (March onwards), after the first major rains, or Winter 
(up to the end of July). These times enable the seeds to germinate well, and give the 
seedlings enough time to establish before their first Summer. 

If irrigation is available then Wallaby Grasses can be sown at almost any time of the 
year. Spring sowing is good if irrigation is available as Wallaby Grasses respond well 
to irrigation over Summer. 

If the seed is supplied as "florets" which are the individual fluffy fruits (creamy and 
very hairy), then these need to be sown on the surface by hand, or applied by hydro- 
mulching or hydro-seeding. Hand sowing is difficult to get even, so we recommend 
you sow 45% in one direction, and sow 45% in the opposite direction, and keep 10% 
to re-seed any bare patches which may become evident after germination. For hydro- 
mulching we recommend using 1650 Kg/Ha of cellulose fibre mulch, and on 
embankments 15OL/Ha "Staybind PVA binder should also be added. Hydro-seeding 
is where the seed is applied in water without the mulch or binder, and is suitable only 
for flat sites where moisture-stress is not likely to be a problem (the cellulose fibre 
mulch helps reduce moisture stress). 

Pure seed (red-brown and about 1 mrn diam) can be sown with equipment, but must 
be sown on the surface only. It is best to bulk-up pure seed with sand as it is very 
difficult to sow pure seed at a light enough rate. 

We recommend and supply seed at a turf sowing rate of a minimum of 1000 
germinable seeds per square metre, to result in a rate of 100 seedlings per square 
metre. For non turf areas we suggest that this rate can be reduced. 

Establishment 

Seed or florets sown in Autumn or Winter need no special attention during 
germination as long as moisture levels are high. If rains are unreliable supplementary 
watering must be conducted as most native grasses are more susceptible to moisture 
stress during germination than are exotic grasses. 

Spring or Summer sowings require irrigation, and we recommend the seeds must be 
kept constantly moist until germination which can take 2 weeks, then daily for the 
next two weeks, and weekly waterings until the Autumn. 

Once established Wallaby Grasses are very drought tolerant, and watering in Summer 
is not necessary. However to keep them green, especially in a lawn situation, 
watering over Summer is recommended. They respond well to Summer irrigation, 
unlike many exotic grasses. 



Weeds should be spot sprayed wirh "Rouadup" or hand weeded until the seedlings 
pass a 5 leaf stage. After this broad-leaf weeds can be selectively eradicated by using 
a herbicide con?ainir;g ILICPA and Diamba (e.g. "Banvel M" or "Valiant"). Exotic 
perennial grasses will still rerjaire t~a:ld weeding or spot-sprdying with "Roundup". 

For lawr. situations Walla!>y Grass can be mown to conventional heights, but is best if 
mown no less than 2 cm. For most situations Wallaby Grasses can be left unmown or 
only be cut a couple o!' times a yea: to remove :he flowzring or seeding heads (if 
desired), as the planrs o~!y grow 3 0-15 cm tau. The seed-heads are quite ornamental, 
being creamy coloureii and very fluffy. Wallaby Grass forms a different lawn to 
conventional lawns bccause its foliage is often verj fine and grey-green. 

Wallaby Grasses &re best no1 kriilised, as they can be short. lived on fertile sites. 
They are particularly good on sites w h i d ~  aye poor in Phasphorous. * * *  



Direct seeding 
Rod Bird. Pasronl and Veterinary lnsurute (DAV). Hamilton 

John Lawrence. Department of Agriculture. Benalla 

There has been much progress In  our 
understanding of suitable methods of direct 
seeding of trees and shrubs in recent years 
The concept of direct seeding is certainly not 
new. as i t  has been extensively practised in 
western Victoria since the 1870s. with many 
Eucalyptus cladocalyx (sugar gum) shelterbelts 
being established. There are many people 
and organisations in Victoria refining direct 
seeding methods sui table for bo th  very 
localised areas and wider regions 

Direct seeding o f  trees onto appro- 
pr iate ly prepared ground can be a cost 
effective method of revegetating large areas 
Direct seeding may be a useful method i f  plant 
spacing is not critical, or i f  thinning of stands 
will be undertaken (e.g. for timber production) 
Other tree establishment methods may be 
more sui table i f  trees are required at set 
spacings. seed is expensive or in short supply. 
or if seed is difficult to germinate. 

Successful establishment is largely 
de termined by c l imat ic condi t ions.  so11 
properties and competition between young 
seedlings and weeds. Direct seeding is a 
reasonably reliable method of tree establish- 
ment i n  areas wi th a stable. moderate 
environment In more variable or extreme 
environments (e.g areas w ~ t h  erratic seasonal 
rainfall, steep slopes1 direct seeding can be 

uncertain, thus reducing its potential as a 
method of plant establishment 

Direct seeding allows a random mixture 
df trees and shrubs t o  be established to  
provide a more complete barrier agalnsr 
harsh weather. When seed is being sown In 
row designs, species can be mixed in a row or 
sown in single-species rows 

It is important to correctly comb~ne site 
preparation, weed control and t i m e  o f  
sowing  i f  d i rect  seeding i s  t o  be most 
effective. Plans for spring and autumn sowinp, 
are described below. 

Spring sowing 
(September-October) 

Sowing i n  spring appears t o  be the mcsL 
successful time in: 

high rainfall areas (i e. > 600 mm) 
areas prone to waterlogging or frost 
areas of reliable sprlng rain. as the 
combination of moisture and 
temperature suits the germination o f  
most tree seeds 

Site prepa ra t i on  

The proposed planting lines should be cic-e;: 
ripped over the drier months. when the subso:! 
will shatter Driving back w ~ t h  a tyre o\:er the 
rip line will firm the tops011 to avoid erosior) 

:.:d,xlua[c pes[ and weed c(~l)rr,)l 15 C~>>VI~ I ! .? !  

This site was sprayed with herbicide before seeding. I (  d lrec[ scedlng IS to be succcst.l~il 11 COII(!I,~ 
Bituminous spray was applied with sowing. ;::ogram  nay. 111 some cases !iced to I > c ~ : I ! ~  



Direcl seeding 

germinate after one fall of rain. Atrazine has 
some knockdown effect on young weeds and 
may be the best choice if you have delayed 
spraying in the hope that early weeds would 
die without follow up rain. Spraying over the 
seedlings in autumn with these and several 
other chemicals greatly improves survival and 
growth rates: damage done to the trees by 
the chemical is far outweighed by the gains in 
weed control. 

How d o  you control weeds that have 
'escaped" in early summer, as a result of poor 
initial control work? The answer depends on 
the weeds. If  you do nothing you may lose all 
the trees. paflicularly if capeweed has grown 
vigorously; however, capeweed cannot be 
controlled without affecting trees to some 
degree. Minimise the problem by using a 
very narrow scalp str ip and a residual 
herbicide before scalping and sowing. I f  the 
trees later become smothered by capeweed a 
knockdown (e.g. oxyfluorfen 2-4 L/ha: 
glyphosate 1 Uha)  overspray will release 
them. Most of the  tree seedlings will be 
protected by the capeweed itself, and will 
survive. Oxyfluorfen and glyphosate may 
scorch the trees, but they mostly survive. 

A selective herbicide such as fluazifop- 
p, which does little harm to trees or broad- 
leaved weeds, can be applied i f  control of 
grass is t h e  main problem. A knockdown 
herbicide can also be used, using a shielded 
spray at  low pressure and working along each 
side of the row of trees. Trees may tolerate 
some knockdown drift when older than about 
4 months. Use a waterine can to immediately 
rinse chemical off any tree that has been 
accidentally sprayed. 

Mouldboard method 
This  method of site preparation. which 
involves ploughing the soil. requires no use 
O[  residual herbicides. This method is well 
suited to  those who dislike using residual 
chemimls. It is also suitable for waterlogged 
soils that remain inundated lor long perrods. 
Crbwth on the mounds can be exceptional. 
On drier sites. or in dry springs. this method 
is not as good as sowing in scalped lines the 
lines seem to retain the moisture better 

In early spring, after applying a 
knockdown herbic~de to  control difficult 
weeds such a5 sorrel and phalaris. use a 3-  
furrow plough on sprayed srrips to turn the 
sod and bury the weed seeds A mound can 
be formed. il required. by ploughing back 
Onto the first mouldboard line Sow seed by 

hand where the furrow lines meet. Weed 
control should be adequate for I5 months; i f  
no t ,  knockdown oversprays may be 
considered (see above). It is important that 
seed is sownimmediately after ploughing. 

A combination of cultivation and  
chemical weed control can also be effective, 
but it is expensive. and is only suggested for 
problem sites and perhaps for autumn-winter 
sowing. Cultivation needs to be carried out 
early enough for a large number o f  weed 
seeds  to  have time to germinate before 
spraying. Grasses should have reached early 
tillering and broadleaves should be at the 
rosette stage before spraying. 

Weed problems in spring sowing can 
a l so  be reduced by a light application of 
knockdown herbicide in the  spring of the 
year before sowing. or  t h e  area may be 
burned in summer t o  reduce weed seed 
carryover. Caution is needed if erosion is a 
potential problem. 

Slugs and red-legged earth mite can be 
a very severe problem in a mild wet spring 
and early summe. Wingless grasshoppers can 
be locally abundant in mid-summer and must 
'also be controlled if the population is high. 

Autumn sowing 
Autumn sowing suits lower rainfall areas and 
drier sites in the higher rainfall areas. 

Problems 

The major problems associate with autumn 
sowing are: 

weed growth after sowing 
losses resulting from pests (e.g. slugs. 
red-legged earth mite, brown pasture 
loopers) 
low ground temperature 
inundation, especially in high rainfall 
areas. 
Without adequa te  weed control 

autumn sowing is unlikely to succeed. Good 
tree seed germination is n o  guarantee of 
success i f  weeds are growing freely. Even 
with good weed control there has been little 
success with autumn sowing in the r\igher 
rainfall areas; the results have been only I %  
of that obtained from spring sowing. 

Weed control will need to begin i n  the 
spring before sowing, s o  that weeds do not 
set seed. Follow up measures, after autumn 
rains. are essential. For details  of weed 
control methods see Spring sowing, above 
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year is reduced  by spray- topping  with a 
knockdown chemical  in t h e  spring before 
seed heads develop. 

This  m e t h o d  involves working t h e  
topsoil so t h a t  it is of a fine tilth with n o  
existing w e e d  growth.  S e e d  c a n  then  b e  
applied by hand. casting seed evenly across 
the topsoil. Rain will wash much of the seed 
into su i tab le  niches for germinat ion.  The 
m o u l d b o a r d  m e t h o d  differs  in  t h a t  t h e  
topsoil is inverted t o  bury the weed seed and 
prevent mos t  weeds germinating. The t ree  
seed can b e  applied by hand or spreader over 
the ploughed area. 

Another problem in the drier areas is 
the loss 'of  seed to ants: this loss can be very 
high and may require the  treatment of t h e  
s e e d  with a n  approved  p e s t i c i d e  before 
sowing. 

Sowing rates 
There IS n o  satisfactory general rule of thumb 
that will tell you how much-seed should be  
sown.  The  a m o u n t  of s e e d  requi red  t o  
establish t h e  desired number of trees/m is 
shown in the  box below. The amount of seed 
required depends on: 

tree spacing 
seed viability 
environment. 

Tree spacing 
Aim for double the  desired final density; any 
excess plants can b e  thinned t o  leave t h e  
most vigorous seedling, or transplanted t o  
fi l l  gaps. 

Seed viability 
This varies widely be tween  s p e c i e s  ( s e e  
Table I in Chapter 2 8  for a guide t o  viable 
seedskg for a number of native species) 

Viability of seed may also vary greatly 
within a species, particularly when immature 
seed has been collected. Some idea of this 
variabitity within specTes is given in Tabie 1 
below. Viability O F  small seeds other than 
those of acacias a n d  other  native legumes 
also declines sharply (often unpredictably\ 
after storage lor several years. See Chapter 
28 for information about storage conditions 
and Chapter 29 for pre-sowing treatment 

The fo l lowing  is a s ~ m p l e  way t o  
determine t h e  viability o f  t h e  s e e d  to b e  
used. 

Use a small spoon t o  measure a sample 
of the  seed and  chaff mixture and put 
the same amount  (0.1-1 .O g] on each of 
2 or  3 pots of sand. Cover very lightly 
with sand from a sieve. 
Keep the sand damp by standing the 
pots in a shallow tray of water. 
Count seeds germinated in a month or 
more and average the results. Express 
the result a s  viable seeds per gram (if 
weighing facilities are  available) or 
simply a s  viable seeds per spoon. 

Environment 

Satisfactory germination and establishment 
d e p e n d s  o n  s e e d  bed.  p e s t  and  cl imatic  
factors. All species require continuous moist 
s~irface conditions. some for a t  least 2 weeks 
(e.g. Melaleuca and Callis(emon). Some species 
(c.g. Eucalyplus pauciflora and E. alpina) need 
low temperature stratification (i.e. moist- 
chilling) t o  allow prompt germination ( see  
Chapter 29). Bursaria spinosa appears t o  have 
a day length requirement a s  it germinates 
prolifically short ly .af ter  t h e  day of l eas t  
daylight. It is not suitable f6r direct seeding 
in spring. For other species. germination will 
not occur until soil temperatures warm t o  the 
particular level required. Germination will be 
very poor on saline soil: seedlings are more 
successfully planted there on  mounds ( see  
Chapter 17). 

Only a small part of the  viable seed  
sown will su rv ive  in t h e  field a f te r  
germination; the  percentage varies widely 
(e.g. 0.2-20% for eucalypts). depending on 
species and seasonal conditions. This loss 
factor must be allowed for when calculating 
how much s e e d  is n e e d e d  t o  sow e a c h  
section. 

The amount  of s e e d  required (N)  t o  
give a specified number of established trees 
p e r  m e t r e s  (S) over  a given d i s t a n c e  in 
metres (D) is a s  follows. 

where N = number of sample spoonfuls 
(or weight in g )  of seed required. 
VS = number of viable seedstg and 

%VSS = percentage of the  viable seed 
sown that has germinated and survived 
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Cost analysis o f  direct seeding 
a he costs of tree planting can be very high. 
Where large numbers are involved. i t  is wise 
to consider the direa seeding alternative. A 
major advantage of direct seeding is the 
lower costs of the tree establishment, 
especially where high initial tree densities are 
needed. 

To establish I kni of a 3 raw shelterbelt. 
the cost of fencing (assuming a new fence is 
needed on only one side) is currently 11993 
prices] a b u t  $3,20O/km for a fence with 150 
treated pine posts at 7 m intervals. rabbit 
netting with 105 cm mesh. 3 plain 2 5 mm 
wires. 7 strainers. 8 struts and a gate. t h e  
labour charge to erect such a fence may be as - 
much again, but tar this example it is 
assumed that the farmer has done the work 
without costing the labour. The use of electric 
fencing may reduce the  fencing cosrs t o  
ahbout $1,00O/km (excluding the cost of the 
energiser). assuming that 5 wires are used 
and that hall as many posts ere requ id .  If 
t r e s  need guarding against hares or rabbits. 
there are added costs (at least 40 cents per 
tree). although it may be possible to use 
additional electrified wires near the ground 
to do this. 

Table 2 gives the approximate costs for 
conventional seedlings (trees at 75 cents 
each] compared w i th  successful direct 
seeding (S200kg xed)  i f  trees are required at 
I m or 3 rn spacing. The other maior cast 
(common ro both approaches) is herbicide. 
The .figures assume an application of 
glyphosare i n  September ( 4  Llha) and 
October (2  Wha), a spray of simaz~ne tn 

October (6 Uhal and in the followtng autumn, 
togerher with an appropriate wetting agent 
and'othcr chemicals [total cost $250 per 0.45 
hectare 01 sprayed strips). Costs of planting 
or seeding have not been included. 

Table 2 illustrates the large part that 
fencing contributes to  the cost of tree 
establishment: for planting of seedlings at 
usual spacing it is about 76% ol the total 
costs (excluding labour) or 50% i f  electr~c 
fencing i s  used. Tree guards were not 
included in this analysis, since in many cases 
they are not essentiat provided other 
measures are taken to control such pests as 
hares. rabbits and wingless grasshoppers. 

The con saving for direct seeding at the 
higher tree density is estimated to be about 
S2,000/km of shelterbelt. Such initial high 
densities are desirable in two situations: 

defined ground water recharge areas 
[the success of tree planting to control 
deep infiltration of rainwater depends 
on the leaf area cover). In Victoria, a 
cornbinationbf perennial pasture and 
high density tree planting [trees on 
perhaps 10% of the area) may be 
enough to control ground water 
accession and hence water table level 
on the whole farm. 
agroforestry timberbelts or 
shelterbelts. A sufficient density of 
trees is required to force good early tree 
form and to allow for a high culling ratlo 
after years 2-10. ilfithout the capacity 
for a I in 3 or I in 4 selection it is 
difficult to produce trees of the desired 
form. particularly from seedling stock 

?able 2 Relative cosb of Wee establishment from seedlings or by direct seeding, given two initial tree 
densities and comparing two types of fencing 
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Method of tree esrablishment 

Type of fencing 

Tree spacing (rn) 

Tree or seed costs IS1 

Fence costs (SI 

Herbicides ( S )  

Total cost 1lS) 

Fence costs as X ol total 

Tree coscs as % o( lotal 

Seedlings 

Netting E l m r ~ c  

D~recr seeding 

Nnting Electr~c 
I 

3 t ! 3  I 

TO 2rw ! 70 200 

3 . 2 0 0  3.200 1.000 1.000 
! 

250 1 5 0  ; 250 250 

3.520 3 050 : 1.320 1.450 

. 91 : 76 69 

2 5 .  5 I 4  

3 I 

750 2.250 

3.200 3.200 

250 ' 250 

I 

3 I 

750 - 2.250 

1.000 1.000 

250 2 5 0  

4 , 2 0 0  5 . 7 0 0  ] 2.y0 3.500 

76 56 29 

18 39 38 64 
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Bill Sharp Merchandise 
RMB 1285 
Branxholrne 
Victoria 3302 
Tel. (055) 786 22 1 

Kim Kingdom 
Walpeup Landcare Group 
PO Box212 
Pinnaroo 
South Australia 5304 
Tel. (050) 952 277 

Arborline 
Keith Curnming 
PO Box 722 
Hamilton 
Victoria 3300 
Tel. (055) 724 018 

TreeCorp Pty Ltd 
Drapers Road 
Colac 
Victoria 3250 
Tel. (052) 3 13 588 

Australian Trust for Conservation Volunteers 
Luke McWilliarn 
PO Box-423' 
Ballarat 
Victoria 3353 
Tel. (053) 327 490 

Goldfields Revegetation Pty Ltd 
Marilyn Sprague 
Dysons Road 
Mandurang 
Victoria 355 I 
Tel. (054) 395 384 

Peter Mdntyre 
'Narapurnelap" 

- do Wickliffe PO 
Victoria 3291 
Tel. (053) 503 239 

Department of Woods and Forests 
Native Plant Sea ion  
Rod Burford 
PO Box 752 
Murray Bridge 
South Australia 5253 

Land Use Consultants 
lohn Young. Peter:Bradley 
PO Box 594 
Victor Harbour 
South Australia 52 1 I 

VicRoads 
Warrick Peal 
PO Box 38 
Nunawading 
Victoria 3 13 1 
Tel: (03) 875 6000 

The following consultants offer information 
a b o u t  hydraul ic  s e e d i n g  a n d  mulch ing  
techniques for difficult areas  and  efficient 
seeding. 

Aquaseeding Pty Ltd 
PO Box 44 
Vermont 
Victoria 3 133 
Tel. (031 874 2194 

BWD (Hydraulic Seeding) Pty Ltd 
PO Box 192 
Cranbourne 
Victoria 3977 
Tel. (059) 96 1 677 
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