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SUMMARY 

Revegetation of cleared agricultural lands i being encouraged as a key measure to combat 
expansion of dry land salinity in the 400-800 mm rainfall region of New South Wales. Propo ed 
land use changes include replacement of annual herbaceous pecies (crops, pasture) with woody 
perennial species. Be ides salinity mitigation benefit, revegetating cleared land with woody 
perennials will provide additional environmental benefits, including the removal from the atmosphere 
of the principal greenhouse gas, carbon dioxide. The current rapid rise in atmospheric carbon 
dioxide levels may result in much of Australia becoming hotter and drier due to the enhanced 
greenhouse effect. Reforestation absorbs carbon dioxide from the atmosphere and stores it in 
plant biomass and soil as carbon sinks. This process is known as carbon equestration. 

The Carbon Sequestration Predictor aims to inform landholders, policy makers and the public about 
the potential for carbon to be sequestered by land use changes in the lower rainfall areas of New 
South Wales «800 mm per year), a region not well catered for by traditional forestry models. The 
Carbon Sequestration Predictor (Version 2.0) predicts the likely changes in both biomass (trees, 
shrubs and grasses) and soil carbon associated with a number of land use changes. The principal 
focus is on changes from annual herbaceous (cropping, pasture) to perennial woody vegetation 
(commercial and environmental tree plantings). 

The Carbon Sequestration Predictor has been used by the New South Wales Environmental Services 
Scheme (ESS) and incorporated into the Land Use Option Simulator and the Strategic Landscape 
Investment Model, to inform resource allocation so that funding to support land use change is 
directed to maximise environmental benefit. This report provides the context, guide to its use and 
detail of the Carbon Sequestration Predictor. 
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INTRODUCTION 

The Carbon Sequestration Predictor (CSP) has been developed as part of the NSW Environmental 
Services Scheme (ESS). The ESS aims to promote land use and land management changes, based 
on an assessment of the off-farm environmental benefits likely to be delivered 
(www.dipnr.nsw.gov.au/care/es_scheme.html).Ultimately.itis intended that the ESS will contribute 
to the development of a market for such environmental services. 

In order to assess activities proposed under the ESS, tools including the Carbon Sequestration 
Predictor have been developed to quantify environmental impacts of changes in land management. 
Other tools are being developed for assessing the environmental impacts of the land use changes in 
relation to salinity, acid sulfate soils, biodiversity, soil and nutrient retention. Furthermore, the 
Carbon Sequestration Predictor has also been incorporated into the Land Use Option Simulator 
(LUOS, DIPNR 2003) and the Strategic Landscape Investment Model (SLIM, Hajkowicz et at. 
2003). These models aim to help decision makers by providing information on the performance of 
environmental activities at property, regional and State levels. 

Carbon sequestration is the process in which carbon dioxide is removed from the atmosphere and 
stored in plant biomass and soil through the creation of carbon sinks. The Carbon Sequestration 
Predictor (Version 2.0) predicts the likely changes in both biomass and soil carbon associated with 
a number of land use changes. The principal focus is on changes from annual herbaceous (cropping, 
pasture) to perennial woody vegetation (commercial and environmental tree plantings) in regions 
of New South Wales with rainfall less than 800 mm per year. These land use changes are being 
encouraged as a key measure to combat expansion of dryland salinity. 

The tool provides predictions of changes in carbon stocks in biomass (plants) and soil (organic 
matter) over two time intervals. A table presents predicted changes in carbon stocks, 10 years after 
the land use change. However, many land use changes take a considerably longer time for carbon 
storage to reach a new quasi-equilibrium. Therefore, a graph of predicted carbon changes over 40 
years is also provided to indicate the longer-term benefits. 

The Carbon Sequestration Predictor is easy to use. Inputs required are the current land use, proposed 
land use, rainfall, soil type and a site modifier to adjust for local conditions. Predicted carbon 
sequestration is based on the best current information of the impacts of the land use change in 
<800 mm year' I rainfall zone. As additional data become available, these will be incorporated into 
the model in order to refine the carbon sequestration predictions. 

Predictions of carbon sequestration for areas with >800 mm yearl rainfall are indicative only. It is 
recommended that commercial plantation models, adapted to give carbon sequestration rates, be 
used for these areas. 

Carbon sequestration predictions obtained from the model do not imply that such carbon is tradable 
under the Kyoto Protocol to the Framework Convention on Climate Change or the NSW Greenhouse 
Gas Abatement Scheme. For current information refer to -

www.greenhouse.gov.au/emissionstrading/factsheets/fs-emissions.html 
or 

www.greenhousegas.nsw.gov.au 

respectively. 
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I. BACKGROUND 

( a) Land clearing 

Extensive areas have been cleared for grazing and cropping along the New South Wales western 
slopes and plains. Benson (1999) estimated that almost half of the western slopes and plains had 
been cleared of native vegetation, amounting to more than 20 million ha of cleared land. One 
consequence of the clearing has been a reduction in the carbon stored on these areas. For example, 
a cropping paddock typically contains 50 tC ha· t , most of which is stored in the soil as organic 
matter. By contrast a forest/woodland may contain more than] 00 tC ha· t • Thus clearing can release 
more than 50 tC ha-t into the atmosphere. The release of carbon as CO2 into the atmosphere occurs 
in two ways. As the cleared woody vegetation is burnt or decomposes carbon is released to the 
atmosphere. Additional carbon may be released if the land use change results in the decline in soil 
organic matter levels. 

(b) Atmospheric CO
2 

levels and climate change 

Globally, land clearing and fossil fuel burning have resulted in an unprecedented rise in atmospheric 
CO

2 
concentrations over the past century (Figure L) . About 40% can be attributed to land clearing, 

with the remainder due to the burning of fossil fuels (e.g. coal, oil and natural gas). The relative 
contribution of land clearing as a source of CO

2 
emissions to the atmosphere is decreasing however, 

due to an increase in fossil fuel use and a decline in land clearing rates (IPCC 200 I). 
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Figure 1. Changes in the atmospheric CO
2 

levels (redrawn from IPCC 2001). 

Carbon dioxide is a greenhouse gas that occurs naturally and is responsible for earth's relatively 
stable climate. However, the increased levels of CO2 in the atmosphere have the potential to cause 
changes to the world's weather patterns, over and above the usual variations in the weather. Records 
indicate that Australia's continental-average temperature has risen by 0.7°C since 1910, with much 
of this warming occurring since 1950. Climate projections by CSIRO indicate much of Australia 
will be hotter in the future and drier resulting in a decrease in available water across the country 
(Whetton 200]) . In Australia, it is also thought that extreme weather events (e.g. storms, floods 
and droughts) will increase in frequency and intensity as temperatures rise, which could have a 
significant impact on Australia's agriculture and natural resources and its urban and rural communities 
(As h 200 ]). 
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(c) The creation of carbon sinks 

Plant and soils store carbon. Plants, via photo ynthesis, take up CO2 from the atmosphere and 
convert this into sugar . These sugars are then u ed to con truct more complex carbon compounds 
used in the making of leaves, branches, stem and roots. When plants die, some of the carbon 
tored in the plant components enters the soil and becomes oil organic matter. Thus plants are 

able to convert carbon from the greenhouse active form (C0
2
) to an in-active form (plant biomass 

and eventually soil organic matter). It is by this process that changing land u e can create carbon 
sinks. The most obvious carbon sink is the re-establishment of woody vegetation on cleared land 
(reforestation). Soil can al 0 act as carbon sinks if the land use change produces an increase in 
soil carbon. 

The Carbon Sequestration Predictor aims to inform landholders, policy makers and the public on 
the potential for carbon to be equestered by certain land use changes in the lower rainfall areas of 
New South Wales «800 mm year!). 

Carbon, biomass, soil organic matter and carbon dioxide equivalents 

In this document, plant biomass and soil carbon are reported as carbon (C). However, carbon 
is frequently reported as its equivalent mass of carbon dioxide (C02 equivalents or CO2 -e). 
The unit of CO

2
-e allows easy comparison of greenhouse impacts from emissions of CO2 and 

other greenhouse gases (methane, halocarbons (e.g. CFC) and nitrous oxides). Below we 
summarise how carbon can be converted to CO

2
-e and other units such as biomass and soil 

organic matter commonly found in the literature. 

Converting carbon to COz-e 

CO -e 
2 = Mass of carbon x 

Converting biomass to carbon 

Carbon = Biomass x 

Converting soiL organic matter to carbon 

Carbon = 
Soil organic 

x 
matter 

3.66 

0.5 

0.575 

(
Ratio of the molecular weight of ) 

carbon dioxide to carbon 

( 
General bioma~s carbon ) 

concentratIOn! 

(
General soil organic ~atter ) 

carbon concentratIon 

! General woody biomass carbon concentration (Gifford 2oo0). 
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HOW TO USE THE CARBON SEQUESTRATION PREDICTOR 

I. STEP 1 - SELECT CURRENT LAND USE 

Definitions of the current land uses available in the model are given in Table 1. 

Table 1. Definitions of Current Land Uses. 

Land use 

Cropping 

Definition 

The predominant land use in the last ten years has been 
cropping. 

Annual pasture The predominant land use in the last ten years has been grazing 
of annual pastures. 

Poor perennial pasture Poor perennial or unimproved native pasture which has been 
established/maintained for a minimum of 10 years (ground 
cover <50% [summer] target perennial species <25 %). 

Degraded native vegetation Existing remnant woody vegetation in poor condition 
(i.e., woody vegetation is sparse or degraded e.g., dieback of 
remaining older trees). 

2. STEP 2 - SELECT PROPOSED LAND USE 

Definitions of the proposed land uses available as options in the model are given in Table 2 (see 
Appendix A for more detailed ESS activity statements). If a proposed land use is not listed then its 
impact on carbon storage has not been assessed. 

NB An error message will appear if a selected land use change is not consistent with the objectives 
of the NSW ESS. The current and proposed land use will be reset to cropping and commercial 
planting, respectively. This may cause problems in setting up some land use changes. If this occurs 
selecting the proposed land use and then the current land use will overcome the problem. 

CARBON SEQUESTRATION PREDICTOR 
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Table 2. Definitions of Proposed Land Uses (see aJso Appendix A for ESS activity statements). 

Land Use Definition 

Commercial planting - fast l Meets three or more of the following criteria: 
1. Species with the potential for fast initial growth 

[e.g. river red gum (Eucalyptus camaldulensis), 
spotted gum (e.g. Corymbia maculata), 
wattles (e.g. Acacia mearnsii)]. 

2. More than 800 trees ha-I (e.g. 4 x 3 m spacing with 
good survival); 

3. Established from seedlings. 
4. A high level of site preparation (e.g. suitable cultivation 

and fertiliser applied) and ongoing weed management. 

Commercial planting - slow l Meets three or more of the following criteria: 
1. Species with slow initial growth 

[e.g. ironbarks (e.g. E. sideroxylon, E. crebra), 
box species (e.g. E. melliodora), 
softwoods (e.g. Pinus pinaster)]. 

2. Low numbers of trees ha-I (wide spacing) 
«800 trees ha·1 e.g. 6 x 3 m spacing or poor survival rates). 

3. Direct seeding (this may result in a fast growing species 
having a slow growth rate). 

4. A high level of site preparation (e.g. suitable cultivation 
and fertiliser applied) and ongoing weed management. 

Environmental plantings - fast l Meets three or more of the following criteria: 
1. Mixture of trees and shrubs with varying initial growth 

rates. 
2. More than 500 woody plants ha-I . 
3. More than 70 % of plants established are trees. 
4. Established from seedlings with appropriate cultivation and 

ongoing weed management. 

Environmental plantings - slow l Meets three or more of the following criteria: 
1. Mixture of trees and shrubs with varying initial growth 

rates. 
2. Less than 500 woody plants ha-I . 
3. Less than 70% of plants established are trees. 
4. Direct seeding resulting in slower initial growth rates. 

Managed regeneration2 Meets three or more of the following criteria: 
1. Replanting of native species. 
2. Active encouragement of regeneration through seeding 

and/or appropriate surface disturbance. 
3. De-stocking to assist regeneration (l-5 years). 
4. Appropriate weed and feral animal control. 

Saltbush 1.Saltbush (Atriplex spp) seedlings (>1,000 seedlings ha·l
) 

established 
2. Periodic grazing (2-3 times year-I). 
3. No mechanical hedging of bushes. 

Perennial pasture 1. Establishment of native or introduced perennial pasture 
with grazing management to maintain> 70% ground-cover. 

OR 
2. Improved grazing management of an existing perennial 

pasture to maintain >70% ground-cover. 

Refers to the initial rate at which carbon will be sequestered by the planting. 
This class will be highly variable due to the range of vegetation currently existing, and the range of regeneration methods used. 
Predictions of carbon sequestration for this land use is base only on the additional carbon sequestered by woody vegetation re
established by planting/seeding. The growth of the existing woody vegetation is not included in the predicted carbon sequestration. 
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3. STEP 3 - SELECT THE RAINFALL ZONE 

Four broad rainfall zones have been used, <400, 400-600, 600-800, >800 mm year-I. These are 
long term average rainfall values. 

4. STEP 4 - SELECT THE SOIL 

A list of soil is provided in a drop down menu (Table 3). Select the most appropriate soil. The soils 
are classified by Australian Soil Classification system (Isbell 1996) with Great Soil Groups (Stace 
et al. (968) equivalents also provided. Refer to Murphy et al. (2000) and Isbell et at. (1997) for 
details of the soils and conversion to Factual Key, Soil Taxonomy Orders or Australian Classification 
classes. 

Table 3. Major Australian soil s and their main diagnostic features (from Gray and Murphy 2002). 

6 

Soil Type 
(Australian Soil 
Classification) 

Podosol 

Tenosol 

Alluvial tenosol 

Rudosol 

Allu vial rudosol 

Kurosol 

Sodosol 

Chromosol 

Kandosol 

Calcarosol 

Dermosol 

Ferrosol 

Vertosol 

Organosol 

Hydrosol 

Podso ls 

Great Soil Group 
Equivalent 

Most s iliceous sands, earthy 
sands, many lithosols and alpine 
humus soil s 
Alluvial soils 

Many lithosols, s iliceous sands 
and calcareous sands 
Alluvial soil s 

Many soloths and (strongly 
leached) podzolic soils 

Solodic soils, desert loams, 
some soloths 
Some red-brown earths 

Non-calcic brown soils, many 
podzolic soils and red-brown 
earths 

Red and yellow earths, some 
calcareous red earths 
not calcareous 

Solonised brown soils, calcareous 
red earths, calcareous sands 

Chocolate soils, prairie soils, 
chemozems, xanthozems, terra 
rossa soil s and some euchrozems 

Krasnozems, euchrozems, ome 
chocolate soils 

Black earths and grey, brown 

Peats, some alpine humus soils 

Humic gleys, gleyed podzolic 
soil s, so lonchaks 

CARBON SEQUESTRATION PREDICTOR 
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Main Diagnostic Features 

B horizon dominated by compounds of 
organic matter, AI and/or Fe (generally 
highly sandy and acidic) 

Weak pedologic development, typically 
very sandy (surface soi ls often 
naturally acidic) 

Negligible pedologic development 

Strong texture contrast, strong acid B 
horizon (pH<5.5) (mayor may not be 
sodic, surface soil often al so acidic) 

Strong texture contrast, highly sodic B 
horizon but not highly acidic (pH>5.5) 

Strongly texture contrast, not strongly 
acidic (pH>5.5) nor sodic in upper B 
horizon 

Lacking strong textural contrast, 
massive or weakly structure B horizon , 

Calcareous throughout, lacking strong 
texture contrast 

Lacking strong texture contrast, well 
structured B2 horizon (Iow free Fe) 

Lacking strong texture contrast, B2 
horizon with high free iron oxide 
(Fe> 5 %), generally well structured 

Uniform texture, clay rich soils 
(>35% throughout) , exhibit strong 
cracking and slickenside (self
mulching) 

Dominated by organic matter 

Prolonged seasonal saturat ion 

STATE FORESTS OF NEW SOUTH WALES 
TECHNICAL PAPER NO. 68 



5. STEP 5 - SELECT A SITE MODIFIER 

A li t of ite modifier is provided to adjust predictions based on local site conditions. The modifiers 
are outlined in Table 4 . The e site modifiers cannot be used in combination. For example, if a 
planting is planned on the lower slopes where a non- aline watertable exists, then only the dominant 
ite modifier can be selected. Details of how the site modifier works are given in Appendix D. 

Table 4. Site modifiers. 

Modifier Description 

None No specific site condition likely to enhance of limit growth 

Salt affected The salt levels at the site are likely to reduce growth. This may arise 
from salt present in the soil (EC >5 dS m· l

) or a aline (EC >5 dS m· l
) 

c 
watertable underlying the site. NB where a saline watertable exists initial 
growth may be rapid, however, there is a high risk of subsequent failure 
if salt tolerant species are not used. 

Non-saline watertable Growth is likely to be enhanced by a non-saline (EC <5 dS m· l ) watertable 
that the tree roots can access but which will not result in the periodic 
waterlogging of the site. 

Lower slopes Growth is likely to be enhanced by surface or sub-surface run-on of water 
due to the position in the landscape. 
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THE OUTPUT 

As selections are made, both the table and graph will be simultaneously updated. Once the appropriate 
group of se lections has been made the predicted change in carbon stocks at lO years will be 
shown. The table breaks total predicted change in carbon into biomass (above- and below-ground 
plant biomass carbon) and soil organic carbon. The graph plots the same data but over a 40-year 
period to give an indication of the longer term changes in carbon stock . 

Predicted carbon change after 10 years 

Biomass 28.6 tlha 

Soil -2 tlha 

( a) Total 26.6 tlha 

Figure 2. Outputs from the Carbon Sequestration Predictor. Predicted changes in carbon stocks 
at (a) 10 years and (b) over the 40 years following the land use change. 
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HOW IT WORKS - ASSUMPTIONS USED AND DATA 
LIMITATIONS 

I . PLANT BIOMASS CARBON PREDICTIONS 

The drop-down menus access a series of biomass growth curves. The Proposed Land Use, Rainfall, 
Soil and Site Modifiers determine which growth curve is used (Figure 3). 
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Figure 3. Generic above-ground biomass growth curves for woody vegetation (Curves 1-8), 
saltbush and perennial pasture. 

A series of generic biomass growth curves was developed based on Richard's growth function 
(Richards 1959; see Appendix B for parameters used). Few empirical data were available to estimate 
tree carbon sequestration in rainfall areas <800 mm year-I, most of which relate to plantings less 
than to years old. These data have been used in two ways: firstly, to assist in deriving values for 
the parameters for the Richards function that produce realistic carbon sequestration values over 
time; and secondly, to determine the most appropriate growth curve to use for combinations of 
Proposed Land Use, Rainfall and Soil. Because of the lack of data the number of above-ground 
biomass growth curves is restricted to eight for woody vegetation and one each for saltbush and 
perennial pasture (Figure 3) . 

Below-ground bioma carbon ha been estimated by applying an age constant rootshoot ratio to 
the above-ground biomas (Table 5). Rootshoot ratio used ranged from 0.2-0.6. These values are 
based on ten year-old Eucalyptus camaldulensis (Barton et al. 2002, Deniliquin, rainfall 408 mm 
year·I), six year-old E. sideroxylon (unpublished data, Montagu pers . comm.; Quirindi, rainfall 
650 mm yearl), four year-old E. piluLaris (unpublished data, Montagu pers. comm., Hannam Vale, 
rainfall 1494 mm year·l) and one year-old saltbush (Jones and Hodgkinson 1969, Deniliquin, 
rainfall 408 mm year l). 
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Table S. Root :shoot ratios for woody biomass (growth curves 1-8), saltbush and perennial 
pasture. 

Growth Curve 

2 3 4 5 6 7 8 Saltbush Pasture 

Root shoot ratio 0.6 0.6 0.6 0.5 0.5 0.4 0 .25 0.25 0.2 0.4 

Total biomass was converted to carbon assuming a carbon concentration of 50% (Gifford 2000). 

2. PLANT BIOMASS CARBON - LIMITATIONS 

The major limitations of the data sets used in developing the Carbon Sequestration Predictor were: 

1. Age. Almost all data sets were from tree plantings less than 10 years old, except for the 
higher rainfall areas (>800 mm). As a consequence, predictions beyond 10 years contain a 
greater level of uncertainty. 

2. Soil. The influence of soils on tree growth is based on relative agricultural fertility rankings 
(Murphy et al. 2000). These have been modified to reflect the limited fteld observations for 
plantings in the <800 mm rainfall areas (Table 6) and might not accurately reflect the suitability 
of the soils for tree growth. 

3. Planting failure. It is assumed that plantings are successfully established. 

4. Management. No allowance has been made for management interventions such as thinning 
or harvesting. 

Table 6. Ranking of soil type used for determining soil carbon and plant growth (modified 
from Murphy et al. 2000). 
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Soil Type 
(Australian Soil Classification) 

Hydrosol 
Tenosol 
Rudosol 
Podosol 
Sodosol 
Kurosol 
Kandoso l 
Chromosol 
Vertoso l 
Ferrosol 
Dermosol 

CARBON SEQUESTRATION PREDICTOR 

Soil Carbon Class 

2 
2 
3 
3 
4 
5 
5 

FOR LAND USE CHANGE IN INLAND AREAS OF NSW 

Plant Growth Class 

2 

2 
3 
3 
4 
4 
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3. SOIL ORGANIC CARBON 

Predicting changes in soil organic carbon following the change from annual herbaceous to woody 
perennial ystems in area with low rainfall «800 mm year· l

) is more problematic due to the lack 
of data. To date, mo t studies have examined the impact of land clearing on soil organic carbon in 
thi rainfall zone (e.g. Murphy et at. 2003), where a decline in soil carbon ha been reported. 
Furthermore, prediction of changes in soil organic carbon tocks require a prediction of the soil 
carbon stock under the current land use. 

To predict changes in oil organic carbon a ociated with the proposed land u e change, four 
distinct steps are required. These are summarised in Figure 4. NB soil carbon predictions are 
completely independent of biomass carbon predictions in this model. 

1 

2 

3 

4 

Native soil 
carbon stock X 
(Table 7) 

Native soil 
carbon stock X 
(Table 7) 

Change in soil 
carbon stock 

Current land
use modifier 
(Table 8) 

Proposed land
use modifier 
(Table 9) 

Proposed land-use 
soil carbon stock -

Current land-use 
soil carbon stock 

Proposed land-use soi 
carbon stock 

Current land-use 
soil carbon stock 

Predicted changes in 
soil carbon at 10 years 
and over 40 years 

f ( Change in soil carbon stock, ) 
Soil carbon dynamics 
(Fig. 5; Append. C) 

Figure 4. Steps involved in predicting changes in soi l carbon stocks. 

I. A native soil carbon stock (to 0.3 m) for the rainfall and soil type i obtained from a look-up 
table (Table 7). The e values are based on oil carbon data from undisturbed native vegetation 
sites obtained from the NSW Department of Infrastructure, Planning and Natural Resources 
database and other data held by NSW Department of Infrastructure, Planning and Natural 
Resources, State Forests of NSW and NSW Agriculture (Banks and McKane 2002). 
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Table 7. Soil carbon stocks (tC ha-I to 0.3 m) from undi sturbed native vegetation sites for a 
combination of soi l classes and rainfall zones. For details of the soil classes refer to 
Table 6. 

Soil Carbon Class Rainfall (mm year-I) 

2 and 3 
4 and 5 

<400 

20 
25 
30 

400-600 

35 
45 
55 

600-800 >800 

45 50 
60 75 
75 1 10 

2. The soil carbon stock of the current land-use is estimated by applying a current land-use 
modifier (Table 8) to the native soil carbon stock (Table 6). The current land use modifiers 
are based on NGGI (1998) with some modification for lower rainfall areas based on Murphy 
et at. (2003). This process assumes that the soil carbon has reached an equilibrium that 
reflects the current land use. 

Table 8. Current land use modifiers used to estimate soi l carbon stocks of the current land use. 

Current Land Use 

Cropping 
Annual pasture 
Perennial pasture 
Degraded native vegetation 

Modifier 

0.65 
0.70 
0.75 
0.80 

3. The soil carbon stock of the proposed land use is then predicted based on the native soil 
carbon stock (Table 7) and a proposed land use modifier (Table 9). The proposed land use 
modifier predicts what the new long-term soil carbon equilibrium will be under the proposed 
land use. Subtracting the current land use carbon from the proposed land use carbon value 
gives the predicted long-term change in soil carbon associated with the particular land use 
change. 

Table 9. Proposed land-use modifiers used to predict soil carbon stocks of the proposed land 
use. 
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Proposed Land Use 

Commercial planting (fast) 
Commercial planting (slow) 
Environmental planting (fast) 
Environmental planting (slow) 
Native regeneration 
Saltbush 
Perennial pasture 

CARBON SEQUESTRATION PREDICTOR 
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Modifier 

0.90 
0.90 
1.00 
1.00 
1.00 
0.95 
0.90 
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4. The dynamics of soil carbon change are obtained by the selection of an appropriate soil 
change curve (Figure 5, Appendix C). Curves 1 and 2 produce an initial decline in soil 
carbon before increasing soil carbon toward the new equilibrium. These curves are used 
when trees are established on pasture. However, the justification for depicting a decline is 
largely based on data from higher rainfall studies (>800 mm) (Paul et al. 2002). Until data 
become available for the lower rainfall areas, the CSP adopts the conservative approach of 
assuming an initial decline in soil carbon. Curves 3 - 5 produce increasingly more rapid rates 
of increase in soil carbon stock. The selection of a curve is based on the particular land use 
change being undertaken. The curve applicable for the land use change is applied to the 
predicted change in soil carbon stock to predict the temporal pattern of soil carbon change. 
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Figure 5. Representation of the soil carbon change dynamics following land use change 
(see Appendix C for details). 

4. SOIL ORGANIC CARBON - LIMITATIONS 

The major limitations of the data sets used in developing the Carbon Sequestration Predictor were: 

1. Data. Few data on carbon stocks exist for land use changes to woody vegetation in areas 
with rainfall <800 mm yearl. 

2. Biased data. Predicted soil carbon values for undisturbed native vegetation sites are 
likely to be biased. Native vegetation is likely to remain on sites of relatively low soil 
fertility which have not been cleared for agriculture due to expected low productivity. As 
a result, the values may underestimate equilibrium soil carbon on more fertile soil. 

3. Soil change dynamics. Little information exists on the size and dynamics of changes in 
soil carbon for the land use changes (i.e. restoration of woody vegetation in lower rainfall 
areas) and environments modelled. 

4. Modifiers. Proposed land use modifiers were developed based on expert judgement and 
limited available data. 
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EARLY MODEL TESTING 

The above model was built on a limited set of available data. This reflects a situation where the re
establishment of woody vegetation on previously cleared land has occurred in New South Wales 
only recently and on a small scale. As a consequence, there are few tree plantings which can yield 
important information on the carbon sequestration of such plantings in the lower rainfall areas. 

Since completion of the model additional tree plantings have been identified and measured under 
the NSW Salinity Strategy, Action 2.4 (Benchmarking salinity control and carbon sequestration in 
low rainfall areas; New South Wales Government, 2000). The above-ground biomass of these 
plantings was estimated using the tree measurements (diameter at 1.3 m and stocking) and allometric 
relationships. A general allometric, relating above-ground biomass to stem diameter, developed 
for Eucalyptus pilularis (Montagu et al. 2002) and tested on E. camaldulensis (Barton et al. 2002), 
was applied to all eucalypt species except E. sideroxylon. A species specific relationship was used 
for E. sideroxylon (Walsh, unpublished data). 

In Figure 6 the estimated above-ground biomass from field measurements is plotted against the 
CSP predicted above-ground carbon stocks. The predictions were unbiased (i.e. the slope was not 
different to 1). The variation observed in Figure 6 appeared, in part, to be due to differences 
between tree species. On three sites, three to five species were measured. At these sites, differences 
in above-ground carbon, between the slowest and fastest growing species, ranged from 86 - 160%. 
More data are required before such species differences can be accounted for in this modeL 
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Figure 6. Relationship between estimated and predicted above-ground biomass of 19 eucalypt 
stands grown in New South Wales in low rainfall inland areas «800 mm rainfall). 

Overall, predictions of above-ground carbon were good for such a simple model with few inputs. 
The data above will assist in refining the model, however, the simple nature of the model restricts 
the improvements possible. For more robust predictions, more detailed, data hungry models will 
be required (e.g. 3PG or empirical models). Until such models have been developed the Carbon 
Sequestration Predictor will provide reasonable, realistic predictions of carbon sequestration for a 
range of revegetation options suited to inland New South Wales. 
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APPENDIX A 

ESS ACTIVITY STATEMENTS 

ENVIRONMENTAL SERVICES SCHEME - ACTIVITY DEFINITION NO. 1 
ESTABLISHMENT OF DEEP-ROOTED PERENNIAL PASTURE 

ACTIVITY DEFINITION: 

Establishment of deep-rooted perennial pasture on land which is currently used for cropping or 
annual pastures in order to reduce recharge, improve erosion control or improve biodiversity through 
the re-introduction of indigenous species. 

This activity includes the establishment of the following deep-rooted perennial pastures: 

• native perennial pastures; 

• introduced perennial legumes; 

• introduced perennial grasses; and 

• salt-tolerant perennial grasses and legumes suitable for planting in saline areas. 

QUALIFYING LAND: 

1. The land must be either: 

a) Class I, IT and ITI land that is currently cropped where the intention is to: 

(i) cease cropping; or 

(ii) change practice to phase farming with a perennial species such as lucerne. 

b) Class I - IV land that is currently annual pasture. 

2. The land must currently contribute significantly to dryland salinity. 

SPECIFICATIONS FOR ESTABLISHMENT: 

Proposals for establishment of deep rooted perennial grasses or legumes should take account of: 

• local seasonal conditions; 

• soil type, fertility and capability; 

• proposed grazing regime; 

• stock watering and fencing requirements; and 

• weed and pest controL 

Establishment methods should be in accordance with recognised best practices, as outlined in 
NSW Agriculture publications such as Agfacts for specific pasture species or other appropriate 
guides e.g. Agfact - 8 Steps to Successful Establishment of Perennial Pastures. 
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For introduced pasture, a buffer from native vegetation remnants and riparian areas should be 
considered to prevent spread into these areas. In rainfall areas> 600 mm, woody perennials (trees 
and shrubs) should be considered in combination with introduced perennials. 

For native grasses, establishment specifications should recognise the extremely diverse germination 
requirements, soil preferences, periods of growth (summer or winter active) and seed characteristics. 

SPECIFICATIONS FOR MAINTENANCE: 

Specifications for maintenance should include addressing soil pH, soil organic matter, maintaining 
adequate ground cover, pasture use (grazing harvesting), weed and pest control, soil nutritional 
status and fire management. 

Specific attention should be given to the fact that the improved pastures will provide habitat for 
pest insects, such as Christmas beetles, which may significantly increase dieback of nearby trees. 
The sowing of improved pastures can have a very significant impact on scattered paddock trees 
and on their capacity to regenerate. There need to be accompanying measures such as fencing off 
scattered trees to encourage regeneration or planting windbreaks of native trees to ensure that tree 
decline does not result from the activity. 

Maintenance should be in accordance with recognised best practice for the particular species or 
mix suitable to the site: 

1. Grazing management should encourage pasture seedling recruitment and weed management. 
This will require pastures to be rested and/or heavily grazed at appropriate stages of growth 
and times of year according to species present. 

2. Grazing should maintain forage on offer between levels appropriate to maintain environmental 
outcomes, while being appropriate for livestock production. Dominance by annual grasses, 
legumes and other species to be controlled by heavy grazing when appropriate. 

3. Where possible, grazing should be suspended when groundcover is less than 70 per cent 
[vertical projection] or other target figure appropriate to the site depending on slope, soil 
type and rainfall. 

4. Grazing effectiveness should be continuously monitored and stocking rates adjusted to 
maintain the grazing 'window' within the bounds of agreed benchmarks for: 

• minimum residual forage after grazing; 
• minimum ground cover 70 per cent or other appropriate figure; and 
• minimum level of biomass before re-grazing. 

COSTS: 

The costs of establishing and maintaining a deep-rooted perennial pasture will be highly variable, 
depending on: 

• whether labour is costed or uncosted; 
• the cost of seed and fertiliser; 
• whether the pasture is native or introduced; 
• the establishment method; 
• requirements for weed control and ground preparation; 
• the cost of initial watering (if appropriate); 
• the need for additional fencing; and 
• maintenance requirements. 
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Indicative costs for the establishment and maintenance of deep-rooted perennial pastures are 
provided in Tables 1 and 2. These figures are from the Murray and Murrumbidgee catchments and 
may vary for other catchments. 

Table 1. Establishment costs. 

Culti vation 
Sowing 
Fertiliser application 
Herbicide application 
Insecticide application 

Total 

$8/ha 
$30-50/ha 
$49-57/ha 
$8-28/ha 
$8-24/ha 

$103-167/ha 

In addition, some soils will require the addition of lime for effective establishment and if this is 
applied at 2.5 tonnes per hectare, it will add an additional $170 per hectare to the establishment 
costs. If fencing is also required, this can add a further $35 per hectare (assuming an average 
fencing cost of $3500 per km and that a kilometre of fencing will be required for every 100 
hectares of pasture). 

Table 2. Annual maintenance costs. 

Lime 
Fertiliser application 
Fence maintenance 
Pest and weed control 

Total 

$0-7/ha 
$8-20/ha 
$3/ha 
$1O-75/ha 

$21-105/ha 

Native perennial pastures would not normally require applications of lime but may require 
applications of fertiliser or rock phosphate. 
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ENVIRONMENTAL SERVICES SCHEME - ACTIVITY DEFINITION NO. 2 
IMPROVED MANAGEMENT OF EXISTING PERENNIAL PASTURES 

ACTIVITY DEFINITION: 

The objective of improved management of existing perennial pastures, is principally to mitigate 
salinity by reducing deep drainage and to enhance soil and nutrient retention but should also be 
appropriate for livestock production. 

QUALIFYING LAND: 

1. Land must currently contribute significantly to dry land salinity, soil erosion or nutrient export. 

2. Land where conventional pasture improvement may be undesirable, difficult and/or 
uneconomic, or where the goal can be achieved using less destructive, low-impact pasture 
management practices. 

3. Land in areas where options for sowing conventional pastures are restricted. 

4. Ground cover generally less than 50 per cent (summer); target perennial species less than 25 
per cent of the total pasture mass (spring and autumn), the balance made up mainly of 
annual grasses and/or broad leafed weeds and/or residue from the previous season. 

Other considerations could include: 

• Land capability 

• Rainfall 
• For introduced pasture species, a buffer from native vegetation remnants and riparian 

areas to prevent spread into these areas 

• Surrounding native vegetation and biodiversity values. 

SPECIFICATIONS FOR ESTABLISHMENT: 

Proposals should take into consideration current growth stage of existing perennial grasses, soil 
fertility, weed control, land class and provision of appropriate fencing and watering points. 
Specifications for grazing management following establishment should accord with recognised 
best practice including paddock subdivision and resting, suitability of pasture type and residue left 
after grazing cycles. 

SPECIFICATIONS FOR MAINTENANCE: 

1. Grazing management should encourage pasture seedling recruitment and weed management. 
This will require pastures to be rested and/or heavily grazed at appropriate stages of growth 
and times of year according to species present. 

2. Grazing should maintain forage on offer between levels appropriate to maintain environmental 
outcomes, while being appropriate for livestock production. Dominance by annual grasses, 
legumes and other species to be controlled by heavy grazing when appropriate. 

3. Where possible, grazing should be suspended when groundcover is less than 70 per cent 
[vertical projection] or other target figure appropriate to the site depending on slope, soil 
type and rainfall. 
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4. Grazing effectiveness should be continuously monitored and stocking rates adjusted to 
maintain the grazing 'window' within the bounds of agreed benchmarks for: 

• minimum residual forage after grazing; 
• minimum ground cover 70 per cent or other appropriate figure; and 
• minimum level of biomass before re-grazing. 

COSTS: 

The draft Murray Catchment Blueprint estimates that managing existing native pastures would cost 
$40 per hectare per annum. If fencing is required, this can add a further $35 per hectare (assuming 
an average fencing cost of $3500 per kilometre and that a kilometre of fencing will be required for 
every 100 hectares of pasture). 
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ENVIRONMENTAL SERVICES SCHEME - ACTIVITY DEFINITION NO. 3 
ENVIRONMENTAL PLANTINGS OF NATIVE VEGETATION 

ACTIVITY DEFINITION: 

The objective of Environmental Planting is to recreate, through time, native vegetation communities 
by the planting or direct seeding of locally native tree, shrub or other species at densities appropriate 
to the desired vegetation type. Locally native species are those species that might be expected to 
have occurred at the locality. The aim is principally to maximise biodiversity benefits and other 
environmental services. 

QUALIFYING LAND: 

Preferred locations are those which are adjacent to existing native vegetation, or link existing areas 
of native remnant vegetation, or incorporate riparian zones or scattered trees. 

Where there is a strong likelihood that regeneration of native vegetation will be successful, 
consideration should be given to this land use change. (see Veg Note 3.1 and Activity Definition -
Regeneration of Native Vegetation). 

Environmental plantings of tree or shrub species should not take place in naturally treeless native 
grasslands of High Conservation Value. Appropriate advice should be sought. 

SPECIFICATIONS FOR ESTABLISHMENT: 

PLANTING 
The minimum area should be 2 ha and a minimum width of 30 m although significant improvements 
in biodiversity benefits will be derived by increased area and width. The species mix and the 
planting density should be guided by the characteristics of the desired vegetation. Densities of 
trees in woodland areas will typically be lower than for a Commercial Plantation (see Activity 
Definition - Commercial Plantings of Native and Non-Native Tree species). For example, to replant 
a woodland community rip-line spacing of more than 5 m is appropriate. 

Ensure that the site is stock-proof. The objective of site preparation is to build-up soil moisture and 
control weeds. This is typically achieved by deep-ripping some 6-12 months prior to planting to 
ensure adequate soil moisture. Control of weeds is typically achieved by application of suitable 
herbicide. Appropriate advice should be sought. 

Planting should be carried out so that after five years, tree and shrub densities are within the normal 
range of variation for the particular vegetation community being recreated. Proportions of trees 
and shrubs should likewise be within the normal range of variation for the particular vegetation 
community being recreated. Where remnant paddock trees exist, the ratio of trees to shrubs could 
be reduced. 

DIRECT SEEDING 
The minimum area should be 2 ha and a minimum width of 30 m. The site must be fenced and 
stock-proof prior to seeding. A weed free groundlayer is essential before sowing. This can be 
achieved by grading, cultivating, burning, herbicide application, deep-ripping, or spot preparation. 
However, where the ground layer is predominantly composed of native species, minimal disturbance 
techniques (see Veg Note 3.5) or regeneration (see Activity Definition - Regeneration of Native 
Vegetation) may be more appropriate. 
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The seed must be locally native, and should be bulked and either machine sown or hand sown. 
Sowing should be carried out so that after five years, tree and shrub densities are within the normal 
range of variation for the particular vegetation community being recreated. Proportions of trees 
and shrubs should likewise be within the normal range of variation for the particular vegetation 
community being recreated. Appropriate advice should be sought. 

SPECIFICATIONS FOR MAINTENANCE: 

PLANTING 
Follow-up watering 
Follow up watering may be required during the first summer. 

Weed and feral animal control 
Follow up weed and feral animal control is likely to be necessary. Appropriate advice should be 
sought. 

Monitoring 
Losses should be tallied annually. Losses of greater than 20 per cent of total plantings must be 
replaced with locally-native species. 

Grazing 
Grazing may be permitted on the site after the vegetation is well established. Typically, this will 
not be sooner than three years after establishment. However, it should generally be for short grazing 
periods, followed by a long rest period. Appropriate advice should be sought. 

Burning 
All efforts should be taken to suppress wildfires, whether originating from the area or from elsewhere. 
Fire should not be deliberately lit on the area unless: 

• the relevant permits have been obtained from the relevant Fire Control Officer; 

• the burning is consistent with the local Bushfire Management Plan; and 

• written authorisation has been received from NSW Department of Infrastructure, Planning 
and Natural Resources. 

DIRECT SEEDING 
Weed and feral animal control 
Follow up weed and feral animal control is likely to be necessary. Appropriate advice should be 
sought. 

Monitoring 
The site must be monitored annually, and subsequent direct seeding operations will need to be 
conducted if the monitoring shows that the density of re-vegetation is less than the expected range 
for that particular vegetation type. 
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----------------------------------------------------------------------------~---.-------

ENVIRONMENTAL SERVICES SCHEME - ACTIVITY DEFINITION NO. 4 
COMMERCIAL PLANTINGS OF NATIVE OR NON-NATIVE TREE SPECIES 

ACTIVITY DEFINITION: 

Planting of native or non-native tree species for commercial purposes where the primary product is 
timber, using tubestock or direct seeding. The minimum planting width should be 30 metres. 

Commercial plantings have the capacity to significantly reduce recharge through their increased 
interception and use of rainfall and stored soil water. For this reason they have a key role when 
planted strategically in the landscape. Additional benefits may include improvements to biodiversity, 
especially when native species are used. 

QUALIFYING LAND: 

The land must be essentially cleared, i.e. it must be currently under pasture or cropping. Further, 
for carbon sequestration benefits to accrue, the land must have been cleared prior to 1990. 

For economic reasons, preferred areas are those within 100 km of established processing plants, or 
close to other towns which may not have large capacity processing facilities but with significant 
investment in new plantation resources, have the potential to be regional hubs using existing transport 
infrastructure. 

Proposals for commercial plantation activity must conform to the definition of a 'complying 
plantation' within the Plantations Code of the Plantations and Re-afforestation Act 1999. 

There are a number of physical requirements for land for commercial plantations: 

- average annual rainfall generally should be above 600 mm (hardwoods) or above 700 mm 
(softwoods); 

- average slope should not exceed 15 degrees; 

- the land should have as uniform a gradient as possible so narrow, ridge dissected country 
generally would not be suitable, unless identified as a recharge site; 

- the soil characteristics (depth, fertility, chemical composition, structure etc) should be 
capable of adequately supporting vegetative growth; 

- the land should not be overly dissected by drainage lines, rock outcrops, overhead or 
buried infrastructure (power lines, telecommunications cabling etc); 

- it should be possible to build road access to the site capable of allowing product (log) 
haulage at time of harvesting; and 

- the area to be planted should not be located in a bushfire prone area, for example, against 
a large inaccessible area of native forest. 

SPECIFICATIONS FOR ESTABLISHMENT: 

Work should be carried out under careful management/supervision according to the following 
specifications. These apply to both hardwood and softwood species. 
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TUBESTOCK OR BARE-ROOTED SEEDLINGS 
Six to twelve months prior to planting 
• Check with State Forests of NSW or other authority that the species you propose to use are 

suitable for your particular site. 

• In order to ensure quality seedlings, seed should be sourced from commercial outlets rather 
than from seed collection on the property itself. 

• Possible need for broadcast herbicide application with prior slashing, or burning to begin the 
process of weed/competition control. 

• In large projects eradicating rabbits and hares by poisoning and warren destruction is advisable. 
An alternative is to protect tree seedlings individually with tree guards or fencing with special 
netting, both of which are more costly. 

• Deep ripping each tree line (including those in windbreak lines) at 3 to 5 metres between mounds, 
to minimum depth of 0.60 m, preferably with a winged tyne ripper attachment. Ripping should 
be done several months prior to planting to ensure adequate soil moisture buildup. On ground 
likely to be seasonally waterlogged seedlings are usually planted into a mound about one metre 
wide and 25 centimetres high. The mound is formed with one pass of a plough fitted with two 
large opposing discs. The mound is formed directly over the rip line. Mound lines should run 
close to the contour to avoid erosion damage. As well as reducing waterlogging problems, 
mounding also gives better early tree growth on normal sites. 

• After ripping or rip/mounding fencing should be constructed to exclude stock and prevent them 
from compacting the area. 

• Establish firebre'aks and basic roading infrastructure prior to ripping. 

One month before planting 
• Second cultivation of rip-line or mound with rotary hoe or similar cultivator. 

• Herbicide application of residual product to bare earth over rip-lines or mounds only. This can 
be done in conjunction with the second cultivation. 

Planting 
• Collect seedlings just before planting. 

• Planting should only occur when soil conditions are moist and the forecast is for mild weather. 

• Softwood planting should occur in winter. 

• There is a need to be cautious of frost possibility when using frost susceptible tree or plant 
species. 

• Planting should be at sufficient density to ensure that the minimum number of stems per hectare 
is 750-1000 (hardwoods) or 800-1300 stems per hectare (softwoods). Advice should be sought 
for specific locations and rainfall. Thinning may be required. 

• For hardwoods only, fertilising should occur either at the time of planting or within the following 
six weeks. 

DIRECT SEEDING 
Site preparation 
A weed free ground layer is essential before sowing. This can be achieved by grading, cultivating, 
burning, herbicide application, deep-ripping, or spot preparation. However, where the ground layer 
is predominantly composed of native species, minimal disturbance techniques should be used (see 
Veg Note 3.5 for details). 
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Fencing 
The site must be fenced and stock-proof prior to seeding. 

Sowing 
The seed should be bulked and either machine sown or hand sown. If cultivation is done after 
ripping the rip-lines may be hard to find. To avoid this, mark the start and finish of the rip-lines 
with steel droppers or tapes on fences, and keep the lines straight. 

SPECIFICATIONS FOR MAINTENANCE: 

A specific regime will be applicable on each individual property. Herbicide application will be the 
most variable. 

SOFTWOODS 
• Follow up strip spray when the plantation is one year old. 

• Boron at three years old if required (softwoods only). 

• Annual firebreak maintenance. 

• Annual forest health monitoring and maintenance as necessary. 

At least one inventory will be required at age three or four years to determine growth and harvest 
yield. 

HARDWOODS 
Tubestock planting 
Follow-up watering 
Follow up watering may be required during the first summer. 

Follow-up weed control 
Follow up weed control will also be necessary, but broad-spectrum herbicides can no longer be 
used. Weeds and introduced grasses should be controlled around each plant. 

Monitoring 
Losses should be tallied annually. Losses of greater than 15 per cent of total plantings must be 
replaced. 

Grazing 
The site should not be grazed during the first 18 months of the contract period, or until trees are 
sufficiently established to withstand stock damage. 

Burning 
The site must not be burnt without the written permission of NSW Department of Infrastructure, 
Planning and Natural Resources/Rural Fire Service. 

Direct seeding 
Weed control 
Control of weeds and exotic grasses must be carried out. Broad-spectrum herbicides should not be 
used, but selective herbicides which target only grasses may be suitable. 

Monitoring 
The site must be monitored annually and subsequent direct seeding operations will need to be 
conducted if the monitoring shows that the density is less than 85 per cent. 
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COSTS: 

The costs of establishing and managing commercial plantings will vary depending on the scale of 
the planting; the distance to available plant and existing infrastructure; and the characteristics of 
the particular site. The costs in Table 1 show the likely range. 

Table 1. Costs per hectare ($). 

Site preparation 
Seedlings 
Planting and refill 
Fertilising 
Weed and pest control 
Other 
Ongoing management 

Total 

300-750 
400-600 
300-600 
150-400 
600-800 
100-300 

50 

1500-3000 

The total direct costs including labour, materials and operational costs are estimated to be in the 
range of $1500 to $3000 per hectare. 
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ENVIRONMENTAL SERVICES SCHEME - ACTIVITY DEFINITION NO. 5 
REGENERATION OF NATIVE VEGETATION 

ACTIVITY DEFINITION: 

The objective is to manage land to encourage natural regeneration of native vegetation. Natural 
regeneration is most likely to be successful when there are native plants present, seeds present in 
the soil or native vegetation is nearby. In addition, successful regeneration requires reducing or 
removing threats to regeneration. For example, appropriate grazing management, weed and feral 
animal control, and possibly assisting the regeneration process by appropriate surface disturbance 
and/or additional planting or seeding of locally native species missing from the site (see Veg Note 
2.3). 

QUALIFYING LAND: 

The land must have potential for natural regeneration. This will need to be assessed on a site by site 
basis. Preferred locations are those which are dominated by native ground cover, retain some 
native tree or shrub cover and/or adjoin existing remnants of native vegetation, for example, a road 
reserve, stock routes and on-farm remnants. Where there is a strong likelihood that regeneration of 
native vegetation will not be successful, consideration should be given instead to another approved 
activity. 

SPECIFICATIONS FOR ESTABLISHMENT AND MAINTENANCE: 

Successful regeneration will require management to reduce or remove threats to regeneration. For 
example, appropriate grazing management, weed and feral animal control, and possibly assisting 
the regeneration process by appropriate surface disturbance and/or additional planting or seeding 
of locally native species missing from the site (see Veg Note 2.3). 

Fencing 
The site should be fenced to stock-proof standard to ensure grazing can be managed. 

Grazing management 
It is recommended that the site be de-stocked initially to allow native plants to regenerate. This 
period of de-stocking may be as short as six months, to as long as five years, or possibly. permanent 
exclusion, depending on the Region and site conditions. Strategic grazing may be appropriate on 
the site to enhance regeneration. Grazing may also be permitted on the site after the vegetation is 
well established. However, it should generally be for short grazing periods, followed by long rest 
periods. Appropriate advice should be sought. 

Regrowth management 
Thinning woody plants may be appropriate on some sites. Appropriate advice should be sought. 

Weed and feral animal control 
Weed and feral animal control is likely to be necessary. Appropriate advice should be sought 

Supplementary planting/seeding 
Indigenous plant species that would be expected on site, but which are missing, could be re
introduced by either planting or direct seeding. 

Fire management 
All efforts should be taken to suppress wildfires, whether originating from the area or from elsewhere. 
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Fire should not be deliberately lit on the area unless: 

30 

• the relevant permits have been obtained from the relevant Fire Control Officer; 

• the burning is consistent with the local Bushfire Management Plan; and 

• written authorisation has been received from the NSW Department of Infrastructure, 
Planning and Natural Resources. 
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ENVIRONMENTAL SERVICES SCHEME - ACTIVITY DEFINITION NO. 6 
ESTABLISHMENT OF SALTBUSH 

ACTIVITY DEFINITION: 

Establishment of plantations of saltbush (Atriplex nummularia), using tubestock on land which is 
currently used for cropping or annual pasture. Saltbush has been claimed to provide benefits to 
salinity management due to its higher water use capacity, and may have some use as a carbon sink. 

QUALIFYING LAND: 

• 

• 

• 

• 

• 

• 

• 

Land which has an average annual rainfall in excess of 250 mm. 

Located on the slopes or plains of New South Wales and having soils in the neutral pH range 
(6-'7). 

The plantation must be located on cleared land. Therefore a proposal for a saltbush plantation 
activity must conform to the definition of a 'Complying Plantation' within the Plantations 
Code of the Plantations and Re-afforestations Act, 1999. 

The land must have been cleared prior to 1990 for carbon sequestration benefits. 

Plantations must be sited on saline discharge or recharge areas occurring on Land Classes IT 
to VII (DIPNR Land Capability Classification). 

Plantation areas must be able to be fenced off, and managed separately (consider stock water 
supply, access etc.). 

Plantation sites should not be located where the native vegetation is considered to have 
'High Conservation Value' (see Veg Notes 1.3, 1.4, 1.5 and 2.10). 

SPECIFICATIONS FOR ESTABLISHMENT: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Site to be fenced out six months prior to planting. 

Ground preparation to commence at least six months prior to planting. 

Preparation to consist of: 

- spraying rows for weed control (as many times as is necessary); 

- deep ripping planting rows to a depth of 20-30 cm; and 

- cultivating rows to achieve a tilth suitable for mechanical planting. 

Timing of ground preparation activities will be determined by site and seasonal conditions, 
however, a longer lead time for preparation will provide a bigger window of opportunity for 
planting. 

Where cultivation may increase the risk of soil erosion (e.g. recharge areas on steeper land), 
then the installation of soil erosion control works may be necessary. 

The site can also be regularly grazed to reduce inter- row competition. 

Where possible, planting rows should be located as near as possible to the contour. 

Planting to be in double rows, with spacing dependent on climatic zone e.g. 500 mm zone -
2 m x 4 m, and 1.2 m between plants. 

Planting density to be approximately 2,600 plants per hectare. 

Plants to be watered in at planting. 
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SPECIFICATIONS FOR MAINTENANCE: 

• If correct procedures for ground preparation and planting are followed, there should be no 
need for follow-up weed control, watering or replacement due to losses. 

• Grazing should not commence for at least 12 months after planting. 

• Initial grazing should be light and be followed by an eight month spell. 

• Where plantations are established on highly erodible soils (eg. Class VII), stock may need to 
be excluded on a permanent basis. 

COSTS: 

Costs will vary depending on a number of factors such as soil type, slope, location, .seasonal 
conditions etc. Table 1 provides a guide to costs in three rainfall zones. 

Table 1. Costs of establishing saltbush ($/ha). 

300 mm 500 mm 600 mm 

Ground preparation 80 120 120 
Seedlings, delivery and agronomic 315 520 620 
Field planting 115 150 175 

Total 510 790 915 
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APPENDIX B 

ABOVE-GROUND BIOMASS ACCUMULATION 

Parameters used in the modified Richards equation (Richards 1959). 

Above-ground biomass = A(I_e-k1)M 

Where t is time in years and A, k and M are parameters listed in Table 1 for each of the biomass 
accumulation curves. 

Table 1. Parameters used in the above-ground biomass curves. 

Parameter 1 2 

A 150 150 
k 0.032 0.045 
M 1.9 1.85 

1 saltbush 

2 perennial pasture 

STATE FORESTS OF NEW SOUTH WALES 
TECHNICAL PAPER NO. 68 

3 

150 
0.06 
1.8 

Biomass Accumulation Curves 

4 5 6 7 8 9 1 102 

200 200 250 300 400 15 2 
0.052 0.07 0.065 0.07 0.075 0.15 0.2 
1.5 1.45 1.3 1.27 1.23 1.5 0.1 
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APPENDIX C 

SOIL CARBON DYNAMICS 

Parameters used in the modified Richards equation (Richards 1959). 

For soil curves 3,4,5; 
~C = ~C (l_e-kt)M 

t = 
Where t is time in years and k and M are parameters listed in Table 1. 
~C== Change in soil carbon stock (step 3, Figure 4) 

For soil curves 1 or 2; 
To depict the initial decline in soil carbon in the first five years 
If t <= 5 then 
~C( = -(Co x O.l)(l-e-kl)M 

Where t is time in years and k and M are parameters listed in Table 2. 
Co= Current land use soil carbon stock (step 1, Figure 4) 

If t > 5 then 
~Ct = ~C5 + (~C= - ~C5) (1_e-k1

)M 

Where t is time in years and k and M are parameters listed in Table 1. 
~Cn= Change in soil carbon stocks at time n 

Table 1. Parameters used in the soil carbon dynamics curves. 

Soil Curve 

Parameter 1 2 3 4 

k -0.02 -0.02 -0.071 -0.065 
M 1.4 1.2 1.45 1.3 

5 

-0.08 
1.23 

Table 2. Parameters used in the soil carbon dynamics curves to depict initial an initial loss of 
soil carbon. 
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Parameter 

k 
M 
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-0.2 
0.5 
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Soil Curve 

2 

-0.1 
0.4 
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APPENDIX D 

SITE MODIFIER 

The site modifier adjusts the predicted biomass carbon prediction by an age constant multiplier as 
outlined in Table 1. 

Table 1. Biomass carbon multipliers used to adjust estimates for localised effects. 

Site Modifier 

None 
Salt affected 
Non-saline watertable 

Lower slopes 
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Rainfall 

all 
all 

<400 
400-600 
600-800 

>800 
all 

Biomass Carbon Multiplier 

1.00 
0.60 
1.55 
1.40 
1.25 
1.15 
1.15 

CARBON SEQUESTRATION PREDICTOR 
FOR LAND USE CHANGE IN INLAND AREAS OF NSW 35 



Research and Development Division 
produces publications in 
Technical Paper, Research Paper 
and Forest Resources Series. 

Copies and further information 
are available from: 

Publications Officer 
Research and Development Division 
State Forests of NSW 
PO Box 100 
Beecroft NSW 2119 

Tel: (02) 9872 0111 
Fax: (02) 98716941 

www.forest.nsw.gov.au 


	0519
	0520
	0521
	0522
	0523
	0525
	0527
	0528
	0529
	0530
	0531
	0532
	0533
	0534
	0535
	0536
	0537
	0538
	0539
	0540
	0541
	0542
	0543
	0544
	0545
	0546
	0547
	0548
	0549
	0550
	0551
	0552
	0553
	0554
	0555
	0556
	0557
	0558
	0559
	0560
	0561
	0564



