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SUMMARY 

One species P. radiata D. Don has been chosen for plantation 
establishment in the central and southern tableland areas of N.S.W. because it 
it suitable to a wide range of soils and climate within that area, produces 
excellent all-purpose wood fibre and responds to economic investment when it is 
geographically concentrated to achieve economies of scale. 

In relation to soils, the potential of P. radiata can be determined for 
the various types, the major limitations can be amended, long term, to economic 
limits (with phosphorus), the potentials enhanced in the short term (via the. 
nitrogen/phosphorus interaction) and the trace element shortcomings identified 
and corrected (addition of sulphur, boron and calcium). 

Competition of unwanted species can be controlled by maximum physical 
site preparation, maximum chemical annual weed suppression and minimum stimulus 
to' weed by judicious placement of fertilizer. Competition between the planted 
pine can be manipulated according to the Mo'ler plateau increment/density 
relationship. 
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lNtROOUCitON 

Much of what can be termed to be the "philosophy" (that is, basic 
truths or first principles) concerning plantation silviculture is steeped in the 
actions surrounding the early planting of exotic conifers in Australia. The 
broad philosophy of exotic plantations that has gradually emerged has led to the 
formulation of some individual plantation "policies". The limitations imposed 
by these policies on factors under silvicultural control form the extent to 
which silvicultural "philosophy" can give rise to the silviculture practices 
current in New South ~lales today. 

This paper attempts to show the link between diverse factors such as 
the history of exotic plantations, the limitations to further plantation 
extension, predictions of supply and demand, environmental considerations and 
research input with silvicultural "philosophy" and silvicultural practices for 
plantations (Figure 1). 

FACTORS IN THE FORMULATION OF PLANTATION POLICY (Forestry _Commission 1982) 

A. The his!orical record of exotic softwood p1anting in N.S.W. 

The first plantings of exotic conifers for timber production resulted 
from a realisation that the natural forests of Australia and those of its 
Southern Hemisphere trading partners contained limited resources of softwoods. 
South Australia, being little endowed with natural commercial forests, began 
planting a number of commercial exotic forest species during the nineteenth 
century. In the process, the growth potential of exotic conifer plantation 
species, particularly Pinus radiata D. Don, was demonstrated under Australian 
conditions. 

In New South Wales, the only naturally occurring conifers with timber 
production significance were cypress pine (Cattitris spp.) from the western 
slopes and plains and hoop pine (Arauaaria aunninghamii) available in limited 
supply from the far North Coast. Of these, only the latter produced timber 
resembling the wood characteristics of North America and European softwoods. 
Early trials with hoop pine planting were not encouraging and, in any case, it 
was felt that the timber was inferior to imported timber for exposed 
construction purposes. In an attempt to regiment the supply of softwoods and to 
provide an alternative to imported supplies, it was decided to commence a mode~t 
conifer plantation programme. 

The first commercial plantation project was initiated in 1914 with the 
establishment of 28.5 hectares of P. radiata on the coastal sands at Tuncurry, 
near Taree, selected as a result of the South Australian success with this 
species on sandy soils near the coast and a desire at the time to brinq "waste 
lands" into profitable use. In 1915, 3.5 hectares of pines, of which 1.5 
hectares were P. radiata, were planted near Armidale, site of the First Forest 
Experiment Station. The "philosophy" of planting coastal sands derived from 
Nancy, France, so call ed spi ritual home of the early conservators and from the 
United States Forest Service, which was home of experimental method at the time. 
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ihe ~orestry Commission of N.S.W. was constituted in 1916 and, short1y 
after, exotic pine planting became a major activity. The only land available 
for these early plantings was residual Crown land unsuitable for agricultural or 
other commercial use. Such land, within the higher rainfall areas of the state, 
~hich was reasonably close to the main markets, was of low fertility, consisting 
chiefly of sandstone or coastal sands. It was soon apparent that sandstone and 
the coastal sands of N.S.W. would not grow pine successfully. Under forest 
commissioner Jolly, high altitude sites were explored vigorously (he did not 
belong to the Nancy School) and following the successful trial plantings in the 
Southern Tablelands in the early 1920's, the Forestry Commission concentrated 
its plantation programme around Oberon and Wagga/Batlow between 1926 and 1Q35, 
although planting continued in many other locations. The Great Depression 
brought with it unemployment relief and that led effectively to the opening up 
of the Oberon, ijombala, Tumut and Inverell plantations during the 1930's. 

In 1935, principally at the urging of softwood importers, all 
Government planting of exotic conifers in New South Wales was halted at 
Government direction so that a thorough stocktaking of existing plantations 
could be carried out. This took approximately eighteen months to complete and 
resulted in the recommendation that all coastal plantations should be abandoned 
and future plantations of P. ~diata be confined to the highland areas. The 
review also revealed the marked superiority of P. radiata in favourable 
locations over other exotic species. The advent of World War 11 shortly 
afterwards delayed the resumption of significant further planting until 1945. 
Philosophically, the Commissioner for Forests in 1935 deleted P. radiata and 
concentrated expenditure on Araucarias (Hoop and Bunya Pine) and in Cypress Pine 
(the latter expenditure still plagues the Commercial Accounts). 

Even before the Second World War, the Forestry Commission realised that 
there was not sufficient unallocated Crown land or State Forest in appropriate 
localities for an exotic coniferous progamme. Immediate post-war plantation 
e"stablishment concentrated on building up established plantation nuclei. An 
active land acquisition programme commenced about 1960 and that has continued 
over the past twenty-five years. Some conflict of interest concerning land use 
was inevitable with agricultural and pastoral interests. However, it was almost 
completely avoided as the major method of acquisition was by voluntary sale, 
rather than resumption. Sale of land was promoted by rabbit plagues up to 1953, 
blackberry infestation until the use of 2, 4, 5 T and low prices after the 
Korean war boom. 

The Government softwood plantation establishment programme after the 
war concentrated on P. radiata planting in the highlands, mainly in the Bathurst 
Tumut and Bombala regions. 

In 1966, the Federal Government entered into an agreement with the 
States to finance, by way of long term loans, the establishment and maintenance 
of plantation areas in excess of a pre-determined base rate. The initial 
Softwoods Forestry Agreement Act was ratified in 1967 and ran for five years 
(1966-1971). It allo"'/ed for a gradual increase in planting rate for the States 
to 23 700 hectares by the last year of the agreement. During the currency of 
the first Softwood Forestry Agreement, the Australian Forestry Council continued 
planning to achieve the target of 30 000 hectares annual planting and a second 
Agreement was to be enacted at the expiry of the first in 1971. However, 
revised population forecasts, prompted the Commonwealth, in the second agreement 

., ... - ...... -" 1'0 .- -~.' , "" ,- .- - .', 
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(1971 to 1976), to reduce the desired annual planting rate for the States to 22 
120 hectares of which the New South Wales Government was to plant 7 500 
hectares. The second Softwood Forestry Agreement Act was extended over a period 
of one year to 1.7.77, but the onset of environmental pressure finally brought 
about its demise. Pending completion and consideration of a study by the Bureau 
of Agricultural Economics, the Commonwealth Government subsequently agreed to 
cover only the cost of maintaining the p.1antations already established with 
Commonwealth loan funds under previo~s Softwood Forestry Agreement Acts. 
Cap.ital and interest repayments began in 1984 following a fifteen year lag to 
allow first thinning. 

Since 1975, a reduced P. radiata programme of 5000 ha-1 y-1 has been 
implemented in N.S .• W. This is seen as the mi,nimum necessary to support existing 
and planned industry developments for its older plantation projects and to 
maintain the basic plantation establishment infrastructure in the younger 
·projects. Figure 2 shows the location of P. radiata plantations in N.S.W. and 
Figure 3 shows the area established annually since 1920. 

B. Current limitations to further establishment 

Some of the considerations which limit further establishment of P. 
rad-~ata plantations and hence are relevant to policy are discussed below:-

a. The Forestry Act 

The Forestry Act (1916) specifi.es that the N.S.W. Forestry Commission 
conserve and utilize timber on Crown-timber lands (including pine plantations) 
to the best advantage of the State. While "best advantage" is not defined, it 
can be interpreted very broadly as being the p'ublic interest. It includes 
optimization of financial returns, strategic supply from the range of forest 
types to supply the broad range of current and future demands for forest 
products and ma i ntenance of employment at regi ona 1 '1 eve 1 • 

. b. P. radiata Productivity 

One species, the exotic pine P. radiata O. Don, stands alone as 
exhibiting the best growth and the most attractive investment potential when 
planted on the cooler sites of the Northern, Central and Southern tablelands. 
On the lower altitudes found further North in the State, P. radiata becomes 
progressively less healthy and productive. 

c. Suitable land 

The land required for P. radiata softwood plantations must possess 
suitable climatic and soil characteristics. It must also be topographically 
amenable to a harvesting system, the established cultural practices and be 
located within economic distance of actual or potential utilisation centres. 

The availability of such land for plantations is limited to that which 
occurs in State Forests, that which the Forestry Commission can have dedicated 
from unallocated Crown lands and that which it acquires through purchase from 
the pastoral industry. 
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THt LOC~TION OF PINUS RADIATA PL~NT~TION PROJECTS 
IN N.S.W. 1920-1985 (FORESTRY COMMISSION 1982) 
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FIGURE 3. THE ANNUAL ESTABLISHMENT OF P. RADIATA PLANTATIONS 
---- IN N.S. W. 1920-1985 (FORESTRY COMMMISSION 1982 AMENDED) 
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d. Ml"id~~l_~nd 

The purchase of pastoral land for pine plantation expansion is usually 
environmentally preferable to conversion of native forest. In the past, 
technical difficulties concerning establishment on pasture land, together with 
general difficulties in acquiring lands as a result of fluctuating availability 
in rural economic cycles, and lack of allocated funds, have limited the extent 
to which essentially cleared lands have been acquired and reforested in 
comparison to the conversion of native forest. Nevertheless, in N.S.W. over 70% 
of all plantations are located on land acquired specifically for the purpose. 

e. Markets 

Markets, particularly for sa~n P. Padiata will be concentrated in 
South-east Australia between Sydney and Melbourne and this area will continue to 
be attractive for large projects. In the short term, export markets, 
particularly for pulp, favour locations close to coastal ports, e.g. Eden and 
Newcastle, while future large scale development in south-east Queensland and in 
the Hunter Valley will favourably influence the economics of plantations on the 
northern Tablelands. 

f. Project size 

While proximity to markets may be important, it is less so than 
proximity to wood-using industry. Small projects may be disadvantaged by 
distance from industry, but large projects are capable of attracting an 
efficient industry capable of adding value in situ. Irrespective of total size, 
a regular progression of age classes is essential. 

C. Future supply and demand 

Although the results of a review were presented at the Forestry and 
Wood Based Industries Development (FORWOOD) Conference in 1974, the Forwood 
recommendations encountered considerable frustration, as changes were becoming 
apparent in the predictive population projections on which its demand forecasts 
were made. However, softwood imports as a percentage of total consumption 
(40%) have hardly varied in 40 years. 

The House of Representatives I Standing Committee on Environment and 
Conservation in May 1975 reviewed 'The Operation of the Softwood Forestry 
Agreement Acts of 1967 and 1972 1 and recommended that lan immediate study should 
be carri ed out by a body such as the Bureau of Agri cul tural Economi cs (B .• A •. E.) 
to determine the economic viability of the softwooq plantation programme I • 

The B.A.E.'s study, completed in December 1976, was tantamount to a 
conclusion that a further softwood agreement to assist establishment of new 
plantations was unnecessary. The basic assumptions adopted and methodology used 
by the B.A.E. study were the subject of considerable debate and were seriously 
questioned by the State forest services and the report was not endorsed, nor its 
recommended planting rates adopted. In fact, in N.S.W., all data indicate that 
the appropriate state planting target should be above 8 000 ha y-1. 
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Figures 4 and 5 show the forecast supply of sawn logs and pulpwood for 
N.S.W. up until the year 2010. Superimposed on these figures is the forecast 
demand as predicted by the Forwood Conference (1974) and the Bureau of 
Agricultural Economics (1976). The Forwood prediction followed a review by the 
Australian Forestry Council in 1970. This review included an assessment of 
timber resources, their development and .the capacitY.of these resources to 
satisfy likely demand up to the year 2010. 

D. Enviromental cons1deration~ 

Plantation production aims will be, to some extent, modified by 
increased social concern about the conservation of the natural environment. 
Three important aspects of the environment are considered here:-

a. Wi 1 dl ife 

Monocultural plantations of exotic pine species offer reduced suitable 
habitat for native wildlife compared to that found in natural forest areas. 
Some wildlife, particularly birdlife, is capable of exploiting the range of 
resources available in the plantation environment but much cannot cope with the 
change, thus resulting in a reduced complement of plantation fauna (Friend, 
1980). 

h. Water 

son erosion, water quality and water yield will all vary during a. 
rotation of a pine plantation with a pattern that is different to that of the 
native forests which may have preceded the plantation. Potential soil erosion 
and water quality degradation will be highest at clearing and initial roading 
and may show some increase following each harvesting. This is especially so 
when stream side roads are used in wet weather (Pilgrim et a~. 1982). 

Water yi e 1 ds from a pi ne foq::!st may be 1 ess than those from a mature 
native eucalypt stand (Cornish, 1983). The minimum water yield from a pine 
plantation is just prior to 1st thinning at age 13 - 14. 

c. Aestheti cs 

Softwood plantations differ from the traditional Australian landscape 
by virtue of their distinctive colour and structure and in their placement in 
the landscape. For some people, the presence of a pine plantation detracts from 
the beauty of the landscape. Others use them enthusiastically as recreational 
areas. 

PLANTATION POLICIES RELEVANT TO SILVICULTURE 

From the above, some policy decisions can be made with special 
relevance to silviculture, setting a "frame of reference" for future plantation 
establishment. 

1. The New South Wales Forestry Commission will continue to establish and 
maintain a softwood resource to meet the increasing projected demand 
for both sawlog and pulpwood in the first decades of the 21st century. 

2. On the basis of past experience, the requirement of fast growth, ease 
of establishment and ease of management are best met by the exotic pine 
p. radiata planted in the Tablelands of N.S.W. 
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F'IGURE 4. 
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(PORESTRY COMMISSION 1982) 
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FORECAST N.S.W. PULPWOOD SUPPLY AND DEMAND 1980-2010 
(FORESTRY COMMISSION 1982) 
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3. Commercial production goals can only be met when the plantation is 
estab1ished as a monoculture. 

4. Future plantation locations should be spatially aggregated, 
particularly with an existing plantation complex, rather than dispersed 
over the countryside. This is to advantage intensive, efficient and 
economic processing by industry and to take account of increasingly 
urban preferences of the working population of Australia. 

5. Acquisition of land will be, in the main, from sale rather than from 
resumption and will be in the price range capable of yielding the 
Treasury prescribed yield in interest. 

The environmental considerations already discussed suggest some 
additional policies, relevant to silviculture, which will influence the form of 
future plantation establishm~nt, as follows -

6. Plantations will be laid out and planned so as to minimise the 
disturbance to existing wildlife habit~t and to maintain those species 
capable of adaption to the new environment within the forest area. In 
addition, reservation of natural forest "corridors" will be made where 
applicable. This may not apply on pastoral land. 

7. There will be retention of permanent native forest cover along 
watercourses, steep slopes and on erodible soils. Roads will be 
located as far as possible from watercourses. Cessation of logging 
will occur in some areas when soil moisture conditions so dictate and 
effective drainage will be carried out on roads and snig tracks. 

8. Limited use of landscape architecture techniques will be employed in 
the design of felling coupes and .plantation blocks consistent with the 
~ain objective being a financial one. 

9. Consistent with 6 - 8 above, acquisition of cleared or partially 
cleared land for plantation establishment is preferable to land 
carrying a full cover of native forest. 

PLANTATION SILVICULTURE 

The identification of the problem of silviculture is an old one. In 
1817, Heinrich von Cotta said - "Three principal causes exist why forestry is 
still so backward: first the long time which wood needs for its development; 
secondly, the great variety of sites on which it grows; third, the fact that 
the forester who practices much writes but little, and he who writes much 
practices. but little." The definitions of silviculture are numerous. "A 
knowledge of the nature of forests and forest trees, how they grow, reproduce, 
and respond to changes in their environment, makes up the broad field of 
forestry called silvics. This is practically equivalent to the forest ecology 
of some writers. The methods of handling the forest in view of its silvics -
modified fn practice by economic factors - is silviculture. Silvics is 
therefore the basis of silviculture on the biological side." (Baker, 1950) or 
simply lithe theory and practice of controlling forest establishment, composition 
and growth" (Hawley and Smith 1958) (Figure 6). The most complex of these 
factors, growth, is controlled by the site potential and by the levels of 
competition found within the forest unit. Nutrient availability to the forest 
can be that found in situ or be augmented to a higher level by the addition of 
fertilizer. The level of growth competition found in the forest is dependent on 
the level of planned stocking reduction of the planted species (thinning) and 
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FIGURE 6. PLANTATION FACTORS UNDER THE CONTROL OF SILVICULTURE 
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FIGURE 7. COMPONENTS OF GROWTH RELEVANT TO SILVICULTURE 
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the level of unplanned stocking increase due to competing unplanted vegetation 
(weeds) (Figure 7). Plantation silviculture will be modified by the limitations 
set by policies and by input of information from the research relating to 
factors affecting forest growth. 

RE:SEARCH INPUT 

As an example of research input, two case studies are described -

(a) Site potential evaluation and nutritional amendment. 

(b) Growth prediction, thinning method, competing vegetation and yield 
modelling. 

Ca~~ Study ~~i te pote~!!.~l 

Given an adequate moisture regime, the important consideration is the 
relationship between soil nutrient status and productivity. The plantation 
productivity of available sites will differ for each of three plantation site 
alternatives. 

1. The site is, and will remain, largely nutritionally unimproved and 
what existing climate and soil status make it. 

2. The site is largely nutritionally unimproved but will be improved 
with fertilizer at, and/or after, planting. 

3. The site has been previously nutritionally improved for 
agricultural purposes. 

Results,of nutritional studies explain the productivity of these site 
types as follows. 

1. Nutritionally unimproved 

Generally, some expectation of unimproved soil plantation productivity 
can be gauged if the parent material (the basic nutrient source), the topography 
(soil degradation due to erosion) and soil depth (nutrient limit) are known. 
However, the morphological similarity of soils derived from different parent 
materials with varying growth rates and responses raises considerable 
interpretation problems. Mapping of areas will require well trained and 
intensive uniform survey of all areas. 

Figure 8 (Turner 1984b) shows the area of N.S.W. and A.C.T. planted on 
various parent materials and Figure 9 (Turner 1984a) shows an example of the 
range of productivity of some of the soils derived from one parent material in ' 
one locality. T~at the position is complex is illustrated by the result that 
the kraznozem soils had the highest productivity averaging more than 22 m3 ha-1 
y~l m.a.i. while other basic material soils, the chocolate soils and chocolate 
gleyed soils were the areas which failed, often with less than 10% survival. 
The coarse textured yellow podzolics, particularly on slopes over 100 were 
unstable in wet weather (erosion prone) and the finer textured podzolics had 
relatively low productivity (less than 14 m3 ha- y-1 m.a.i.) and appeared to 
support trees with phosphorus deficienty symptoms. In addition to the parent 
material, productivity will be influenced bY,soi1 depth. Figure 10 (Turner 
1984a) shows the effect on tree diameter growth of soil depth at age 20. 
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SOIL PARENT MATERIAL DISTRIBUTION OF PINUS RADIATA 
PLANTATIONS IN N.S.W. AND A.C.T. (AFTER TURNER lq84b) 
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FIGURE 9. RELATIONSHIP BETWEEN PINUS RADIATA PLANTATION PRODUCTI VITY 
AND SOIL TYPE AT NUNDLE STATE FOREST (TURNER 1984a) 
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FIGURE 10. RELATIONSHIP BETWEEN PINUS RADIATA TREE DIAMETER AND SOIL ~ ____ ...a..-

OEPiH Ai NUNDLE STATE FOREST (TURNER 1984a) 
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2. Nutritionally unimproved with future fertilizer amendments 

Turner (1984b) described the effect of fertilizer amendment for these 
sites when stratified for productivity as low, moderate and high. 

Low productivity site. 

Here, productivity is highly dependent on the application of phosphatic 
fertilizers at time of establishment. A treatment of 75-100 kg P ha-1 
broadcast as superphosphate will increase productivity from an initial 5-8 m3 
ha-1 y-1 m.a.i. to more than 14 m3 ha-1 y-1 m.a.i. over a 30 year rotation 
(Tab1 e 1). 

Productivity is, however, lost by delayed application of fertilizer 
after planting. For example, results from an experiment on the timing of 
phosphate applications (M.J. Hall, pers. eomm.) indicates that at age 16 years, 
when fertilizer was applied at planting, the basal area was 34 m2 ha-1 but only 
22 m2 ha-1 if applied at age 8. 

Low productivity sites show the greatest response if treatments are 
carried out at establishment. Response is usually due to a single element (in 
this case phosphorus). Phosphorus treatments have a long term effect, at least 
into the second rotation (Gentle et aL., 1965 and 1986 in press) with water 
seeming to constitute the upper limit to productivity (Turner, 1982). 

Moderate productivity sites 

Moderately productive sites usually have no single obvious limiting 
growth factor, growth being limited by interactions between several factors. 
Fertilizers applied to these sites are generally spot applications of NP to 
stimulate growth immediately after planting while there is little root 
development. Short term growth stimulation can be obtained using fertilizers 
after· thinning. These fertilizers are usually nitrogen alone but some areas 
need additional phosphorus, that is, the NP fertilizer ratios require to be 
adjusted for a specific site. 

High productivity sites 

Minimal data are available for the highly productive sites. 
Observations indicate these areas have deep, well-developed soil profiles such as 
kraznozems or red earths. The soils have a considerable water storage capacity 
when compared with poor and moderate sites. 

Oata from highly productive sites (P. Carter, pers. eomm.) indicate 
that increased productivity can result from fertilizer treatments (Table I) but 
that the results are interactive with other cultural treatments. Thus, 
significant increases can be obtained at planting using' an NP fertilizer in 
conjunction with weedicide and ploughing, but anything less than all treatments 
together provide only small growth responses. Boron, sulphur anacopper 
deficiencies have developed on these sites from treatments which increase growth 
and so assessments for trace element deficiencies are necessary. No single 
factor is limiting growth and the stimulation of growth can exacerbate other 
nutrient imbalance. 
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table 1. (Turner 1984b). Productivity (m.a.i. age 30) for unimproved sites, 
sites with fertilizer amendment and site with fertilizer and other 
cultural improvements. 

Treatment Unimproved Nutrition Status 

Low 

Plant only 5 
Plant plus fertilizer 
application 14 

Plant plus fertilizer 
plus plough/weedicide 
plus later age fertilizer 15.5 

Moderate 

(m3 ha-1 y-l) 

14 

15 

17 

High 

18 

18+ 

24 

Fertilizer treatment after thinning will give a productivity response 
estimated at 30% increase in volume current annual increment. The fertilizer 
used is predominantly nitrogenous balanced with phosphorus as appropriate and 
the trees, respond to reduced competition rather than an, absolute deficiency as 
has been described in other situations. A much better assessment of the forest 
stand and soil condition is required on these sites in order to secure the best 

'response. Overall, it would appear that the poorer sites are more amenable to 
long term productivity changes, while on the better sites the treatments give 
more ephemeral effects. Nevertheless, high site quality sites are economically 
attracti ve. -

3. Previo~sly nutritionally improved site~ 

There are many problems associated with sites of this type. Not 
infrequently, a major concern is the massive increase in the soil nitrogen of 
these sites, viz, unimproved pasture might contain 1 to 2 parts per million of 
nitrate whereas improved pasture may contain 200 plus parts per million. 
Additionally, there, can be an imbalance of other elements such as phosphorus, 
s.ul phur, boron and! 'pal ci um (Turner pers. comm.). 

Survival on these ,sites is often poor and patchy. The tree growth rate 
is often hi gh but tree form'tends to be gross ,( 1 arge 1 imbs, 1 arge taper, etc.), 
These si te types are i ndi cated by the presence" of a predomi nance of clover and 
should normally be avoi'ded' unless the clover is chemically controlled in good time. 

Case Study 2 - Competition Control 

:-.,(i) Competing vegetation 

The growth of a planted pine stand is dependent on the effective 
stocking per unit area (Fig. 7). Unwanted competing vegetation can be pasture 
grass or regrowth of native woody species. To be able to rely on uniform and 
predictable yields from the plantation, the competition from this source must be 
minimised. 

Control measures are manual, mechanical or chemical. Manual control is 
usually carried out to remove eucalyptus and wattle regrowth where the. 
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plantation has been established on a previously native vegetation site. The 
need for this is considerably reduced if mechanical control such as ploughing 
takes place prior to planting. Ploughing can be considered as being, in part, a 
woody weed control (Turner 1984). 

Purchased farm land often abounds with lush grass and thistle growth 
and it has been found that chemicals of the Triazine group are effective in 
removing this form of competition. One triazine in particular, Atrazine, is 
reported as affecting the nutrition of growth of P. padiata positively (Sands & 

.. Zed, 1979) and Hall (1981) attests to its effectiveness as a weed killer and the 
tolerance of the planted pines to it. 

Table 1 shows that the combination of ploughing/weediciding is 
particularly effective in combination with fertilizer, even if somewhat 
ephemeral, for potentially high productive sites (Turner 1984b). 

(ii) Green Crown Pruning 

Low pruning takes place at about age 7 or 8 when no more than one third 
of the green crown is removed to increase access, fire protection and the 
formation of clear wood. 

Basal area growth loss from this source has been shown to be about 4% 
for stands pruned at age 8 and 9 and about 14% for stands pruned at age 6 and 7 
(Shepherd 1967). 

(iii) Growth Control Thinning and Yield Prediction 
/' 

Historically, stocking density manipulation in New South Wales Forestry 
Commission plantations has been carried out on a commercial basis. Commercial 
yields have resulted from a "philosophy" of thinning "from below" ostensibly to 
hasten the production of sawlogs of acceptable quality. The practice of this 
"philosophy" was hindered prior to the mid-1960's due to the lack of markets for 
the small timber that resulted from thinning "from below". The demand 
projection for pulpwood shown in Figure 5 suggest that N.S.W. plantations will 
continue to be largely thinned from below. 

The plantation yield control "philosophy" in N.S.W. has followed 
something of a circular path in the last 24 years. It began with a belief that 
the stand increment to density pattern for its P. radiata plantations follows 
the "plateau shape" first postulated by Langsaeter in 1941 (Figure 11) and 
expanded by Moller (1954). 

Gentle, Henry and Shepherd (1962) saw the ideas of Moller as allowing 
"a good workabl e compromi se between operati onal feasibil i ty and sound 
silviculture". They instituted basal area as the method of stand density 
control to bring about the silvicultural "philosophy" of redistributing increment 
amongst the fewest possible stems as early as possible in the life of the stand 
without having to resort to non-commercial thinning. Using a relatively small 
data set from reliably designed experiments established in 1952, Gentle et aL. 
determined that the basal area providing maximum increment to the fewest trees 
tended to increase with advancing age as follows -

Age 
(y) 

12-14 
30+ 

Basal Area 
(m2 ha-1) 

18-21 
25-28 
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PIGURE 11. THE RELATIONSHIP BETWEEN DENSITY, MEASURED AS VOLUME HA-1 
--~-- ,a.ND GROWTH, MEASURED AS VOLUME HA-1 YR-1 AS POSTULATED 

BY A. LANGSAETER (1941) 
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The stand increment data from the experiments at this time, however, 
were inconsistent and inconclusive with respect to the reality of a "Moller 
plateau ll for plantation grown P. radiata. 

About a decade 1 ater, Forrest (1971) con cl uded, usi ng a 1 arger data 
base from the same experiments and others established in the interim, that there 
was no IIplateau ll , rather that there existed lIa unique stand density ..... where 
the basal area increment is greatest" (Figure 12). However, the maxima of his 
relationships, although reasonable, were subjectively determined. Forrest 
reaffirmed the earlier contention that stand basal area density required to 
obtain Inaximulll increment increases with age and added that basal area increment 
declines with age irrespective of thinning treatment. 

He proposed an investigation of three possible management objectives, 
vi z. -

(a) Maximum volume.production on minimum number of trees. 

(b) Balance between total production, size class distribution and 
discounted value returns. 

(c) Maximum growth of final crop trees aimed at maximum financial return. 

Using computer facilities, Cosco (1971) formulated a growth simulation 
programme to test these three objectives. The basal area prescriptions for (a), 
(b) and (c), as determined by the simulation, were as follows -

Objective 

(a) Age (yrs.) 15 20 26 33 40 
Bas~l Aria 21 25 28 30 0 

(m ha-) 

( b) Age (yrs.) 13 19 26 35 
Basal Area 11.5 16 23 0 

(m2 ha-I) 

(c) Age (yrs.) 7 15 23 30 
Basal Area 7 11.5 14 0 

(m2 ha-I) 

Although Forrest concluded objective (b) to be the most advantageous, 
it was not implemented; the routine thinning prescription adopted being between 
( a) and (b). 

Between 1975 and 1985, greater access to computers and computer 
programmes all owed more analyses to be carri ed out on the i ncreasi ng amount of 
data flowing from ever more thinning experiments. The general modu3 operandi of 
the modellers during this period was to analyse, by the method of least square 
regression, as large a data base as possible by including a variety of 
parameters which IIbestll explained the variability in the basal area data. 
Generally, over this period, the form of the model and its biological reality 
were a secondary consideration to the value of the coefficient of determination! 
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£.~~~~.l~.~ THt RELATIONSHIP BETWEEN STAND DENSITY AND STAND BASAL AREA 
INCREMENT FOR THREE AGE PERIODS IN PINUS RADIATA 
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The basal area model used in the current RADHOP package is loosely 
based on a form devi sed by Sull ivan & Cl utter (1972). A basal area increment 
term is not represented in the form of the model. 

The modified form is -

P 
[A log Ba1 + aA + B (l-A) S + c (1 - A) T+~- ] 

Ra2 = e 

v/here A1 = initial age 
A2 = fi nal age 
Ra1 = basal area at initial age A1 
A = A1/A2 
p = proportion removed 
S = stand domant height (m) at age 20 
T = time since thinning 
Ba2 = predicted basal area 

& a, b & c are constants. 

n = 2801 points 

Rrack (1983) in a review of RADHOP found that the model form was not 
statistically sound and that predictions calculated from it for the forest 
estate were significantly biased. He recommended increasing the data source and 
a return to the original Sullivan & Clutter model until a more appropriate form 
is devised. Other forest modellers, however, were recommending a return to 
basic theory. lilt would seem that better results could be obtained if basal 
area models were consistent with general forest growth theory. For some 
species, the stand growth theory developed by Moller (1954), i.e. that growth in 
cubic volume is little affected over a wide range of densities seems appropriate 
and its consequences in terms' of basal area growth should be explored ll (Smith, 
1983). 

In 1986, Horne, Robinson & Gwalter described an increment response 
method of analysi ng data from thi nni ng experiments to objectiver,{"estlmate'-the 
pattern of the relationship between stand basal area increment and stocking 
density for a given stand age and site location. It does this by partitioning 
the total stand increment (IT) into two components: increment accruing due to· 
the passage of time (IB) and increment accruing to a change in stocking density 
such that 

IT = IB + IR (Fig. 13) 

In a second paper, Horne & Robinson (1986 in press) applied the 
response increment method of analysis to data from eight replicated thinning 
experiments located in New South Wales plantation grown P. radiata, including 
some of the experiments analysed by Gentle et al. 24 years earlier, in order to 
determine the nature of the increment-density relationship for this species. 
They found within the age range 10 to 35 years an increment-density pattern 
existed similar to segments I, 11 and III of Langsaeter's increment postulation; 
that this increment pattern included a "Moller plateau" and that the position of 
the lower end of the plateau and that of incipient competition could be 
estimated from the increment response curve (IR) (Figure 13). 
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THE RELATIONSHIP BETWEEN STAND DENSITY AND STAND 
iNCREMENT (IT); THE TWO COMPONENT INCREMENTS OF IT, 
BASE INCREMENT (IB) AND RESPONSE INCREMENT (IR) AND 
THE ESTIMATED POSITION OF TWO CRITICAL POINTS P AND 
C ON THE IT. CURVE (HORNE AND ROBINSON (IN PRESS)) 
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Additionally, in accordance with Smith's prediction that the 
establishment of the presence of a "Moller" plateau" will advantage basal area 
modelling, two improvements pertinent to P. radiata models have been described 
by Horne & Robinson (unpublished), viz -

1. Improved more direct evaluation of site potential is possible for basal 
area models by indexing it to stand increment instead of stand height (Table 2). 

2. As basal area increment can be shown to be independent of thinning 
history, increased basal area sensitivity to thinning history is possible by 
identifying and incrementing the stocking segments that will be residual 
stockings following a future thinning. 

It is anticipated that better models and hence better yield control 
will result from this approach. 

Si l~:!.~ul tur~l "Phi 1 osophi es" 

The end product, the objective at which all endeavour has been aimed 
can be considered to be the basic plantation "philosophy". 

A. Plantation Objective "Philosophy" 

In N.S.W., the land chosen, the planting spacing, the thinning regime 
·and all other techni ques employed are pursui ng what mi ght be termed 
lithe sawlog 'philosophy'" as distinct from the pursuance of pulpwood or 
veneer quality logs. Currently, there are no espeCially widely 
spaced, high pruned stands to produce large, clearwood logs for veneer 
and few stands (mostly those located on slopes too steep to replant) 
which will be clearfelled for pulpwood. 

The combination of policies and research information give some further 
direction to silvicultural "philosophy" as exemplified in the two case studies 
chosen, viz -

B. Plantation Site Nutrition "Philosophy" 

All sites purchased to conform with current plantation policy (i .e. 
reasonably priced, cleared or semi-cleared, adjacent to existing 
plantations, etc.) and research advice (i.e. nutritionally unimproved) 
can be amended to a suitable level of productivity by the addition of 
fertilizer. 

C. Growth Control - Yield Modelling 

As the policy of meeting future demand rests on accurate yield 
prediction, yield modelling should become more consistent with 
established growth theory and not be solely based on goodness-of-fit 
criteria. 

Other silvicultural "philosphies" that the New South Wales Forestry 
Commission adheres to are those pertaining to -

(c) Genetic improvement 

Tree breeding and improved seed. 



Table 2. Comparison of two site potential indices following thinning (a)" Dominant height at age 20 (b) Maximum 
basal ar-ea incr-ement estimate as estimated by critical point "pit at age"20 when compared to the basal 
ar-ea of the unthinned control at age 20, at each location. 

---------
Region Location Unthinned Control Cy·i ti ca 1 Poi nt Mean Dominant Height 

I pi 

---------- ---------------
Stocking Basal AY·ea Ranking Basal ,!\rea Incy·ement Rank Height Ranking 

ty·ees ha-1 m2 ha-1 " m2 ha-1 yy.-l m 

Al bur·y GY·een Hi 11 s 1266 52.44 4th 2.4 4th 27 1st 
Buccleuch I 1306 51.92 5th 1.9 5th 23 5th 
Red Hill 1412 46.40 6th 1.7 6th 24 2nd 

BathuY·st Sunny Coroner· 1803 54.06 1st 2.6 2nd 24 2nd 
GuY·nang 1635 53.54 2nd 2.8 1st 22 6th 

Eden Bondi 1444 53.47 3y·d 2.5 3r-d 24 2nd 



(d) Improved wood quality 

High and low pruning 
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(e) Plantation health and thrift 

Arranging the order of working to clear fell the least productive 
stands first. 

(f) Minimising fire hazard 

Low pruning. 

(g) Minimum disturbance to the environment 

Within the framework of the other "philosophies", care of 
wildlife, water and aesthetic values within the plantation. 

PART~~~~~ummary of Current Silvicultural Practices (Forestry Commission 1984) 

A. !?!e:.<:.ommercial Opera!.~ons 

(1) Si turee.arati ~~ 

(i) An Environmental Review shall be prepared for each proposed plantation 
subdivision and shall be submitted for approval together with the 
survey proposals. Particular attention should be paid to the effects 
of planting on water quality and water production capacity where 
catchment values are involved. 

(ii) The design of age-class boundaries, roading pattern and native forest 
and filter strip reservation shall be in accordance with standard 
Forestry Commission guidelines designed to maintain catchment, wildlife 
and visual values. Where past practice has not met existing standards, 
all practicable steps shall be taken at the time of second rotation 
establishment to meet these standards. 

(iii) In areas where native forest is cleared, site preparation shall 
'normally specify windrow stacking and burning of residual vegetation 
and deep ploughing, or such other methods as may prove more 
efficacious. 

(iv) In cleared areas, native grassland and pastures shall be ripped and 
treated with herbicide, unless more efficient grass control procedures 
are developed. Where practicable, heavy grazing of pasture prior to 
treatment shall be undertaken. 

(v) Second rotation establishment shall be by planting, site 
preparation, clearing and windrowing of debris from the previous crop, 
followed by ripping between the residual stumps, or by other more 
efficient means which may be developed. 

(2) Planting Stock 

Where possible, selection of seed for planting stock shall be made from 
genetically superior seed orchard supplies.- Planting stock shall, where 
possible, be raised in Forestry Commission nurseries within the Management Area. 
Sound nursery management practices shall be applied to ensure that planting 
stock is free of fungal disease and of a high nutritional status. 
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( 3) Pl an!i~g 

Pl anti ng shall be conducted in the wi nter months. Pl anti ng espacement 
shall be generally 3.0 m by 2.5 m (nominal stocking 1 333 stems/ha-I) except 
where specific Commission approval is obtained for other spacings to meet 
exceptional circumstances. Refilling within twelve months of planting should be 
undertaken where survival rates below about 85% are indicated. Significant 
failed areas shall be replanted, except where such failure is deemed due to 
inherent site factors which would continue to render successful establishment 
unlikely. . 

.. i' -. 
(4) Animal Control 

Where required to prevent stock grazing damage and to permit safe, 
effective rabbit control, minimum adequate fencing shall be undertaken prior to 
planting. 

Rabbit control shall be carried out when and where judged necessary by 
the District Forester to prevent excessive damage, in accordance with standard 
procedures()r~e-aay (currently aerial and ground 1080 poison baiting). 

(5) Competi~g Vegetation control 

Control of competing vegetation in plantations shall be undertaken 
where judged necessary by the District Forester in accordance with standard 
procedures of the day. 

(6) Fertil~zer Application 

The application of fertilizer in Pre-commercial Operations should be 
conducted in the following order of priority, subject to available funds and 
accordi ng to rates and formul ati ons prescribed by the Commi ss i on I s Wood 
Technology and Forest Research Division. 

Priority 1 - Second rotation areas, at or soon after planting 

Priority 2 - remedial fertilizing to correct deficiencies that might 
lead to substantial deaths or serious deformities in 
growing stock (e.g. boron deficiencies). 

Priority 3 - starter fertilizing to promote rapid early growth on 
known slow starting areas (e.g. some poor ridge sites). 

Priority 4 - general booster fertilizing, predominantly with phosphorus 
and nitrogen. 

Within economic determinants, determination of fertilizer priority 
areas and appropriate formulations and application rates shall be guided by the 
following general process: 

(i) Geological and soil type mapping; 

(ii) Superimposition of previous pasture and grazing history where known; 

(iii) Foliar sampling, either on the first rotation crop for proposed second 
rotation areas or on planted sites of similar soil type and pasture 
history for proposed new areas. 
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(iv) Economic viability where nitrogen is used late in the rotation. 

Where broadcast application is made, consideration shall be 9iven to 
recovering part of the costs through additional grazing revenues. 

(7) Low Pruning 

Low pruning to a height of 1.8 m shall be considered the norm for most 
stands to-ass~rn-access, fire protection and the production of some clear 
wood. Ideally, pruning shall be at Age 7-8, or when not more than one-third of 
the green crown will be removed. The aim shall be to low prune most trees but 
with the following being among acceptable exceptions: 

(i) Poorly formed or excessively damaged trees; 

(ii) Trees with uneconomic or unsafe access for the pruner, e.g. in windrows 
or dense blackberry; 

All trees shall be low pruned in Fuel Reduced Zones. Beyond this, 
where a complete pruning programme cannot be achieved, preference shall be given 
to stands on good topography and sites of high growth potential. Where funds 
are limiting, preference shall be given to pruning areas on schedule before any 
unpruned stands greater than Age B. 

B. C~~~!:.cial Oper~~ions 

( 1) Gene!:.~l-!?.rescri pti o~~ 

Residual basal area levels with respect to age are shown in Table 3. 

(2) Ord~!:.~~~~!:.~ing 

An order of working shall be prepared annually for operations in the 
following year and, provisionally, for the following two years and shall form 
the basis of forward plans for individual operations. 

Operations shall be directed according to current Sales Agreements. 
Within all harvesting series, the following principles shall apply. 

Wet weather logging areas should be preserved until required. 

Re-establishment areas should be of size and design to facilitate 
management in the second rotation. 

Felled coupes should permit safe re-establishment burns. 

Felling coupes should be designed to maintain and protect landscape and 
catchment values. 

Other things being equal, operations shall be directed to those 
harvesting series which minimise the purchaser's log haulage costs. 

Particular criteria for individual harvesting series shall be: 



TABLE 3 

Age 

12 
13* 
14 
15 
16 
17 
18 
19* 
20 
21 
22 
23 
24 
25* 
26 
27 
29 
30* 
31 
32 
33 
34 
35 c.f. 
36 
37 
38 
39 
40 
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ALBURY REGION 

Preferred Thinning Schedule for P. radiata 

._------------_._-_._----
Basal Area Remaining After Thinning 

(m2 ha:' l ) 

First Thinnings Later Thinnings 

-----.-------
15 
16 
16 
17 
17 
18 
19 
20 
22 
23 
24 
25 
25 
26 
26 
27 

* Preferred age for thinning 
c.f. Preferred age for clear felling 

18 
18 
18 
19 
20 
20 
21 
21 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 



--------------------
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(a) Pre-War P. radiata Harvesting Series 

Consistent with yield commitments, priority in scheduling for 
clearfelling should be given to least productive areas (based on lowest 
site quality and highest age). 

(b) Post-War P. radiata Harvesting Series 

Consistent with yield commitments, priority in scheduling should be 
given as follows: 

(i) First thinning of stands on schedule i.e. ages 12-15 years. 

(ii) First thinning of non-steep areas in which thinning has been 
delayed beyond 15 years. 

(iii) Second and subsequent thinning at periods of about 5 years, or as 
soon thereafter as an economic yield is available. 

(iv) Clearfelling of stands on steep areas (> 26 degrees) from age 20 
years. 

( v) Clearfelling of poor qual i ty, least vigorous stands from age 30 
years. 

( vi) Cl earfell i ng of areas in excess of 2 500 ha in any age cl ass. 

(vii) Clearfelling of remaining (moderate to high quality) stands over 
age 30 in order of increasing stand quality and vigour, i.e. stands 
judged to have the higher combined quality and vigour regardless of 
age shall have last priority for clearfelling. 

3. Erosion Mitigation 

"Standard Erosion Mitigation Conditions for Logging and Clearing in New 
South Wales", (Appendix I) as amended from time to time, shall be applied in the 
normal manner to all harvesting operations. Prescription areas, e.g. filter 
strips, shall be indicated in harvesting plans. 

Harvesting operations shall be restricted during periods of wet weather 
to protect soil and water resources. Restrictions shall be in accordance with 
the "Code of Logging Practice" as amended from time to time. 

4. Hi gh Pruni ~[ 

All trees in Fuel Reduced Zones shall be high pruned. Beyond this, 
high pruning is to be carried out on limited areas with a view to the production 
of clear wood. Such pruning shall be after first thinning, provided first 
thinning is not later than 15 years, and shall aim to remove all whorls to a 
height of 5.5 m, on 150-200 selected final crop stems. 

Preference in the selection of areas shall be given to sites of high 
quality on easy terrain, devoid of excessive hardwood debris, where vigorous 
growth can be expected. 
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5 • ~~~.1~i~~~~LF e ~!~1.. i zat i ~~ 

Post-thinning, fertilization should be undertaken on sites of high 
site-quality (subject to financial constraints), to specifications provided by 
the Commission's Division of Wood Technology and Forest Research. The following 
sites shall be considered -

1. After thinning in mature stands (third and fourth thinnings) where 
there will be a cutting cycle of at least five years before the next 
thinning or clearfelling. 

2. After early thinnings (first and second) on good sites. 
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CATCHMENT AREAS PROTECTION BOARD 
AND 

FOREST~X COM'i!...~~ION, NEW SOUTH _WA~ES 

M1ENOEO STANDARD EROSION MITIGATION CONDITIONS 
FOR LOGGING AND CLEARING IN NEW SOUTH WALES -

MAY, 1983 

(i) These Conditions for mitigation of erosion shall apply to all 
landclearing, logging and forest operations controlled by the Catchment 
Areas Protection Board and the Forestry Commission of New South Wales. 
The Catchment Areas Protection Board authorizes these operations under 
provisions of Section 21 of the Soil Conservation Act, 1983. The 
Forestry Commission of New South Wales exercises control of these 
operations on Crown timber lands under provisions of the Forestry Act, 
1916. 

(il) The person author;'zed by the Catchment Areas Protection Board shall 
ensure that all activities connected with the clearing and/or logging 
operations on the authorized area shall be conducterl in such a manner 
that erosion is not aggravated and shall carry out any instructions 
given by the Catchment Areas Protection Board or its nominee with a 
view to minimizing or preventing erosion. 

(i i i) Notwi thstandi ng the fo11 owi ng Condi ti ons, in catchments of major water 
storages and in areas where the erosion hazard so warrants, 
restrictions on the method and intensity of all forest operations may 
be imposed by the Catchment Areas Protection Board or the Forestry 
Commission of New South Wales within the provisions of their respective 
authorities. 

(iv) No logging or clearing operations shall take place within 100 metres of 
the top water level of any major water storage. 

(v) No tree shall be destroyed, lopped or topped within 20n metres of a 
prescribed stream as defined under the Water Act, 1912, without prior 
authority of the Catchment Areas Protection Board. 

(vi) Any burning associated with logging or clearing operations shall be 
carried out only in accordance with the provisions of the Bush Forest 
Act, 1949. 

(vii) Any poisoning associated with the destruction of trees shall be carried 
out only in accordance with the Pesticides Act, 1978, or any other 
legislation governing the use of pesticides within the area of 
operations of this Permit/Authority. 

(viii) These Conditions shall apply to the use and construction of roads and 
tracks on any land adjacent to, and for the purpose of activity on, 
land on which the landclearing, logging or forest operations are 
controlled by the Catchment Areas Protection Board or the Forestry 
Commission of New South Wales, subject to the agreement of the holder 
of that adjacent land. 
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(ix) If in'the application or interpretation of these Conditions there is 
any doubt or confusion as to either compliance with the terms of a 
clause or with the intent of the Conditions as a whole, the following 
officers shall determine whether the action taken or proposed is in 
accordance with the intent of these conditions: 

(a) the appropriate Regional Forester in all instances where the 
operations are under the jurisdiction of the Forestry Commission; 

(b) the appropriate Regional Director of Soil Conservation in all 
instances other than those in (a). 

2. CONDITIONS FOR LOGGING 

2.1 Roa:!~I].9. 

Roads and minor roads shall be located where practicable on ridges. 
They shall not intrude into filter strips besides streams except where 
the road crosses the stream. 

2.1.1 Roads 

(i) Roads shall be properly formed and they shall be gravelled if 
the density of traffic so warrants and this is specified. 

(ii) All batters shall be constructed to a stable slope. 
Consolidation may be necessary on fil'ls to minimise subsequent 
slumping and erosion of fill batters. Revegetation of batters 
may be required on some roads and this shall be carried out 
when specified. 

(iii) Adequate pipe drainage shall be provided in roads consistent 
with sound engineering practice so that erosion of the road 
surface and table drains is minimiz~d. Pipes should discharge 
water onto undisturbed vegetation. 

(iv) The use of borrow pits for the provision of extra material 
during road construction should be kept to an absolute minimum. 
Where use of a borrow pit is unavoidable, topsoil shall be 
stockpiled and subsequently replaced to aid revegetation. The 
bottoms of pits should be graded and levelled, sides should be 
battered and shaped to conform to the surrounds and the 
replacement topsoil fertilized and seeded where necessary to 
establish a vegetative cover. 

(v) Maximum grades on roads shall be kept below 10 degrees. 

(vi) Bridges and culverts on roads shall be designed to transmit 
peak discharges consistent with the standard of road. Bridge 
approaches shall be stabilized and revegetated where necessary 
following construction. Culvert outlets should be located or 
designed to minimize scour and erosion. 

(vii) Immediately after operations have ceased on roads which have 
been damaged and on which use is to be permanently or 
temporarily discontinued, the damage shall be repaired by 
re-grading or, if conditions are too wet for this to occur, 
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temporary cross banks shall be constructed. In this latter 
instance, regrading shall occur as soon as conditions allow. 

(viii) Maintenance grading shall be carried out only where necessary 
and disturbance to vegetation should be minimized. 

2.1.2 Minor Roads 

(i) Operati ons shall be pl anned systemati cally so that the number 
of roads open at anyone time will be kept to a minimum. 

(i i) Wherever the type of operati ons permi t and as far as 
practicable, minor roads should be constructed with cross fall 
drainage. 

(iii) Immediately after the logging operation has ceased in any 
section (even if it is planned to use the road at any time in 
the future) the road snall be drained by cross banks unless 
otherwise specified. The channels of these banks must be 
constructed with a minimum gradient sufficient to ensure that 
there is adequate lateral drainage onto the surrounding 
vegetation. Cross banks must not direct water directly onto 
other tracks or roads. The exits of these banks must allow 
water to escape readily from the road. The spacing of these 
banks will depend on the grade of the road and on the erosion 
hazard. Unless otherwise specified, bank spacings to be 
employed are those in the Table under 2.4(ii). 

For any operation, the height of the cross banks shall be 
specifi ed. 

(iv) Immediately after operations have ceased on minor roads, the 
surface material shall be replaced as far as practicable and 
the roads shall be drained by banks unless otherwise specified. 
Seeding and/or fertilizing of minor roads shall be specified 
where necessary. 

(v) The use of borrow pits should be kept to an absolute minimum 
and, if employed, should be dealt with as under 2.1.1 (iv). 

(vi) Minor roads shall not cross streams which are running unless a 
causeway, bridge or pipe culvert designed to transmit peak 
flows has been provided. They may cross stream beds which are 
dry via causeways, temporary culverts or temporary log 
crossings provided there is minimal disturbance to the 
surrounds. At the completion of operations, the sites of 
temporary crossings shall be restored as closely as possible to 
their original condition. 

(vii) "Blading-off" on minor roads shall be permitted only where 
damage is minimal and subsequent drainage and repair is 
possible. Each "blading-off" operation must be specifically 
approved. 

(viii) The use of minor roads shall be minimized during wet weather. 
They shoul d carry no traffi c at times when there is runoff from 
the road surface. 
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2.2 Filter St~ip~ 

A filter strip shall be retained on a stream or drainage line where its 
catchment area equals (at most) 100 hectares. Both the width of filter 
strip and the catchment area may be varied if, in the opinion of the 
Forestry Commission, shape, erosion hazard or stream conditions so 
warrant, in which case width and area shall be specified. 

2.3 Fel~in9. 

(i) No tree shall be deliberately or negligently felled into a 
stream within a filter strip, except as provided in 2.3 (ii). 

(ii) In conifer filter strips, trees may be felled into a stream 
when approved by the supervising officer, so as to avoid 
possible later windthrow. Aproval will only be given where the 
tree can be removed with minimal disturbance to the stream. 

(iii) Crowns of conifer trees felled into streams must be removed and 
such removal must result in minimal disturbance to the bed and 
banks of the stream. 

(iv) Trees may be felled into or within a filter strip, with the 
exception of those planted within the filter strip after 25th 
May, 1983. Extraction machinery shall not enter a filter strip 
to remove logs, except that in conifer plantations with conifer 
filter strips, extraction machinery may enter the filter strip 
to within 5 metres of the bank of the stream with the 
authorization of the supervising officer. This authorization 
shall only be given where machinery is not likely to cause 
damage to the soil surface of the filter strip and the bed and 
bank of the stream. 

(v) Logging operations shall be carried out so that there is 
minimal disturbance within any drainage line. 

(vi) In conifer plantations, wherever possible slash shall be 
retained on extraction tracks and harvesting machinery shall 
operate over it. 

2.4 ~i9.ging and Timber Extrac!ion 

(i) As far as practicable, snigging and timber extraction shall be 
uphill. In any event, downhill movement of timber shall not be 
practiced in areas with high erosion hazard or as specified. 

(ii) The drainage of snig or timber extraction tracks shall be 
carried out in the same way as for minor roads. The height and 
spacing of the cross banks shall be specified. The following 
table shows the maximum bank spacing required for each grade 
and degree of erosion hazard. 
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-----.--.-.--..... --- -------.... -------t-------.------ -.---------.-------------
Grade of Snig Track, 

Extraction Track or Minor 
Road (Degrees) 

Less than 15 
15 - 20 
20 - 25 
25 - 30 

Max:!!nY-~_~pac i !:!.L~f Ba!:!.~ s _~ 1 ong T'=.~«:.~_?r:._~?~~_ 

Average Erosion Hazard High Erosion Hazard 

60 metres 
40 metres 
20 metres 
15 metres 

50 metres 
30 metres 
15 metres 

.-.- -----_._---_._-------_.- -,-- ---------------- -----------------
Where there is a high erosion hazard, the grades of snig tracks, 

extraction tracks and minor roads shall be limited and shall be specified 
according to the erosion hazard and, in any event, shall not exceed 25 degrees. 
14here the erosion hazard is less, the grade shall exceed 25 degrees only where 
specified. 

(iii) As far as practicable, slash shall be retained on extraction 
tracks, timber extracti on by wal !<-over techni ques shall b~ used 
and the construction of snig tracks shall be minimized. In any 
event, the use of a blade shall only be permitted for removal 
of soil from a snig or timber extraction track during initial 
track construction and during track drainage. "Blading-off" 
shall be permitted only where track damage is minimal and 
subsequent drainage and repair is possible. Each "blading-off" 
operation must be specifically approved. 

(iv) Where there is high erosion hazard, snigging and extraction of 
timber from areas with slopes over 30 degrees shall not be 
permitted if track construction is required. Where there is 
less erosion hazard, snigging and extraction of timber from 
areas with slopes over 35 degrees shall not be permitted if 
track construction is required. Where specifically approved by 
the supervising officer, tracks may be constructed on slopes in 
excess of these limits where it is necessary to traverse these 
slopes for short distances to enable timber to be extracted 
from areas of lesser slope. 

(v) Snig or timber extraction tracks shall not cross the beds of 
streams without application of the same conditions which apply 
to minor roads. 

(vi) Snig or timber extraction tracks shall not intrude into filter 
strips, except as provided for in 2.3 (iii), 2.3 (iv), and 2.4 
(v) • 

(vii) The use of snig or timber extraction tracks in wet conditions 
shall be minimized. 

(viii) As far as practicable, surface material shall be returned to 
the track immediately after logging ceases on that track to aid 
in revegetation and, at the same time, crossfall drainage shall 
be re-established. In circumstances where it is considered 
necessary, the method of revegetation shall be specified. 

(ix) In the case of "outrow" extraction tracks in plantations, 
drainage shall be carried out when necessary and as specified. 
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2.5 Log_Dump~ " 

(i) Log dumps shall be located as far as practicable in accordance 
with an uphill extraction pattern. They shall not be located 
closer than 10 metres from a filter strip or drainage line. 

(ii) When ungravelled dumps are constructed and unless otherwise 
specified, topsoil is to be stockpiled in a recoverable 
position and either -

(a) upon temporary termination of logging, where further 
logging is contemplated in the near future, the dumps are 
to be levelled unless otherwise authorized, drained so 
that runoff is directed onto surrounding vegetation and 
ripped where specified, or 

(b) upon completion of logging, the dumps are to be levelled 
unless otherwise authorized, drained so that runoff is 
directed onto surrounding vegetation and the topsoil 
spread evenly over the dump. The dump shall be 
revegetated and/or ripped where specified. 

(iii) Gravelled dumps shall be drained during and upon completion of 
1 oggi ng so that runoff is di rec'ted onto surroundi ng vegetati on. 

3. CONDITIONS FOR CLEARING 

3.1 Perma~~~t Cl~~!':.~~9. 

3.L1 Roading 

Conditions will be applied in the same way as for logging. 

3.1. 2 Fi l!~!':._ Stri p 

The requirements for a filter strip are as in 2.2. 

3.1.3 Clearing Operations 

(i) Destruction of timber by ringbarking, felling or poisoning 
shall be limited to areas \'1ith slopes not exceeding 25 degrees 
unless otherwise specified. 

(ii) Destruction of timber by the use of a bulldozer or tractor 
shall be limited to areas with slopes not exceeding 18 degrees 
unless otherwise specified. 

(iii) Retention of trees may be required and, where required, this 
shall be specified. 

(iv) Clearing shall not be carried out within filter strips and 
where specified. 

(v) Clearing operations in drainage lines above filter strips shall 
be carried out so that there is minimal disturbance within 
drainage lines. 
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(vi) In areas with risk of mass movement of soil or where there is a 
high erosion hazard. Conditions for clearing shall be 
specifi ed. 

3.1.4 Windrowing and St~cking 

(i) Windrows shall be located on the contour unless otherwise 
specified. 

(ii) Timber shall not be stacked or burned within 20 metres of a 
drainage line, stream or standing green timber unless otherwise 
specifi ed. 

3. i. 5 Land ]r~parati on 

Cultivation (including ripping) shall not be carried out on 
slopes in excess of 18 degrees unless otherwise specified. 

3.1.6 Revegetation 

Immediately on completion of operations disturbed ground and 
other bare areas shall be sown with seed and fertilized or 
otherwise vegetated. Where necessary, the method of 
revegetation shall be specified. 

3.2 TemporarL~leari~g 

3.2.1 Roading 

Conditions will be applied in the same way as for logging. 

3.2.2 Filt~~ Strip 

The requirements for a filter strip are as in 2.2. 

3.2.3 Clearing Operations 

(i) In areas where there is a high erosion hazard, clearing shall 
not be carried out on slopes in excess of 18 degrees. 

(ii) Clearing for planting of commercial timber shall generally be 
restricted to slopes of 18 degrees or less and only in 
exceptional circumstances should exceed 25 degrees. The method 
of clearing slopes over 18 degrees shall be specified. 

(iii) Clearing for banana growing and orchards shall not be carried 
out on slopes in excess of 30 degrees unless otherwise 
specified. The method of clearing slopes over 18 degrees shall 
be specified. 

(iv) Clearing shall not he carried out within filter strips and 
where specified. 

(v) Clearing operations in drainage lines above filter strips shall 
be carried out so that there is minimal disturbance within the 
drainage lines. 
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Windrowing and Sta~~~ng 

Windrows shall be located on the contour where the degree of 
erosion hazard dictates and where this is specified. 

Timber shall not be stacked or burned within 20 metres of a 
drainage line, stream or standing green timber unless otherwise 
specified. Where access is required, gaps shall be left in 
windrows, where possible on ridges. 

Land Preparation 

Cultivation (including ripping) shall not be carried out in the 
beds of drainage lines. 

Where there is a high erosion hazard, the slopes on which 
ploughing can be carried out shall be limited and shall be 
specified according to the erosion hazard and, in any event, 
shall not exceed 18 degrees. Where the erosion hazard is less, 
ploughing shall not be carried out on slopes over 18 degrees, 
unless otherwise specified. 

In areas with a high erosion hazard, the Conditions for 
cultivation and planting shall be specified. 

Ripping for bananas and orchards shall be confined to slopes of 
less than 30 degrees unless otherwise specified. 
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APPENDIX II 

Pre!~~~~~...!"i~D.~!Lemen!~~ssi fi cati on for TimbeY'._Pr'!.~~<:tib~~~~ta!.i o~~ 

The intent of this classification is to accord to specified forest 
areas, management uses which will take priority over, without necessarily 
excluding, other types of use. 

(a) General 

(b) Speci~l Emphasis 

(1) 
(i i) 

(i i i) 
( i v) 
(v) 

( vi) 
(vii) 

( vi i i) 

Recreation 
Education 
Research 
Catchment Protection 
Visual Resource Protection 
Flora and Fauna Protection 
Historical Value Protection 
Aboriginal Site Protection 
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APPENDIX II I 

Format of Environmental Review 

1. Title of Activity 

2. Location (attach map) 

3. Clear description of activity/activities 

4. Objectives 

5. Oescription of existing environment:-

(a)' Topography (attach map) 
(b) Geology and soils 
(c) Climatic features 
(d) Vegetation (including understorey and non-commercial species) 
(e) Adjacent land uses 
(f) Streams and other water bodies and downstream uses* 
(g) Landscape features 
(h) Current Land Use - (in the locality) 
(i) Wildlife (including feral species)* 

6. Specific Features:-

(a) Unusual forest types or other plant cOJnmunities* 
(b) Rare or endangered plants* 
(c) Unusual plant occurrences* 
(d) Rare or significant faunal occurrences* 
(e) Aquatic life* 
(f) Caves or other geological formations 
(g) Aboriginal Sites* 
(h) Sites of historical significance 
(i) Sites of local significance 
(j) Use for recreation 
(k) r~inor forest products (e.g. honey) 
(1) Grazing 
(m) Other current use of area 
(n) Previous logging operations or clearing 
(0) Evidence of previous fires 
(p) Other previous activities that could be regarded as having had an 

adverse effect on the environment. 

* Indicate if any specialist body (e.g. N.P.W.S., Fisheries, etc.) 
consulted and result of consultation. 

7. Involvement of other bodies 

8. Relationship to any E.I.S. or adopted F.C. Policy 

9. Impact-

(a) envirommental or social impact on a community 
(b) transformation of the locality 
(c) environmental impact on the ecosystems of the locality 
(d) by diminution of aesthetic, recreational or scientific values of the 
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10cality 
(e) on structures or places having aesthetic, cultural, historical, 

scientific, archaeological or special values 
(f) wi 11 the acti vi ty endanger any speci es of flor'a or fauna 
( g) 10ng ter'm effects on the envi ronment 
(h) degr'adation of the qual.ity of the enviY'onment 
(i) risk to the safety of the environment 
(j) curtailment of range of beneficial uses of the environment 
(k) Pollution (i) air 

(ii) water 
(iii) noise 

(1 ) envi Y'onmental pY'ob1 ems from di sposal of waste 
(m) increased demand on scarce resources 
(n) cumulative effect on the environment with other' existing 01" likely 

future activities 

10. Measures to protect the enviY'onment or reduce impact . 

11. Social and economic justification 

12. Feasible alter'natives and r'easons for' pr'efer'r'ing this activity 

13. Summary and conclusions 

14. Pr'epaY'ed ~~ 

15. Oecision 

~~YPAINTED 
~AU5TAAUA 
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Ti t1e 

Date 


