
 

 

 

 

 

Recycled Organics  
in Catchment Management 

 

A review of the scientific literature 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
This Report was prepared for the Department of Environment and Conservation (NSW)  
by the NSW Department of Primary Industries. 
 
 
© Department of Environment and Conservation (NSW) 
 
 
The State of NSW and Department of Environment and Conservation (NSW) has made all 
reasonable efforts to ensure that the contents of this document are factual and free of error. 
However the Department of Environment and Conservation (NSW) shall not be liable for any 
damage or loss which may occur in relation to any person taking action or not on the basis of 
this document. 
 
 
 
 
Published by: 
Department of Environment and Conservation NSW 
Sustainability Programs Division 
PO Box 644 
Parramatta NSW 2124 
 
Ph: (02) 8837 6000 
Ph: 131 555 (environment information and publications requests) 
Fax: (02) 8837 6099 
 
Email: sustainability@environment.nsw.gov.au  
Website: www.environment.nsw.gov.au 
 
DEC 2005/363 
Recycled Organics in Catchment Management 
ISBN 1 74137 490 1 
Published August 2005 



Table of Contents 

1 Introduction_______________________________________________________ 4 
1.1 Background_________________________________________________________ 4 
1.2 Scope of the literature review ___________________________________________ 5 

2 Soil erosion and land degradation_____________________________________ 5 
2.1 The Australian landscape ______________________________________________ 5 
2.2 Soil erosion in NSW catchments ________________________________________ 6 

3 Forms of erosion ___________________________________________________ 7 
3.1 Water erosion _______________________________________________________ 7 
3.2 Wind erosion________________________________________________________ 8 

4 Impacts of erosion__________________________________________________ 9 
4.1 Agricultural productivity ______________________________________________ 9 
4.2 Water quality and ecosystem health ______________________________________ 9 

5 Erosion control ____________________________________________________ 9 
5.1 Current methods _____________________________________________________ 9 
5.2 Role of vegetation___________________________________________________ 10 

6 Role of recycled organics ___________________________________________ 10 
6.1 The recycled organics industry _________________________________________ 10 
6.2 Use of RO products in agriculture ______________________________________ 11 
6.3 Role of RO products in improving soil quality_____________________________ 11 
6.4 RO products for controlling soil erosion and run-off ________________________ 12 
6.5 Rehabilitation of mine-sites and drastically disturbed land ___________________ 14 

7 Specifications of RO products for erosion control_______________________ 14 
7.1 Application methods and specifications __________________________________ 14 
7.2 Erosion control blankets ______________________________________________ 15 
7.3 Vegetation establishment blanket _______________________________________ 16 
7.4 Compost filter berms ________________________________________________ 16 

8 Conclusions ______________________________________________________ 17 

9 Recommendations_________________________________________________ 18 

10 References _______________________________________________________ 19 

11 Acknowledgements ________________________________________________ 26 
 



Recycled Organics in Catchment Management 

  1 

Executive Summary 

This review was commissioned by the Department of Environment and Conservation to 

– identify the forms and sources of soil erosion in the Australian landscape and focus on 
factors relevant to New South Wales catchments 

– identify the methods used in Australia as well as overseas in combating soil erosion and 
catchment degradation 

– examine the benefits of recycled organics (RO) products derived primarily from garden 
organic for improving soil health and remediating degraded soils, and 

– examine the role of RO products and vegetation in controlling run-off and soil erosion, and 
rehabilitating degraded areas within NSW catchments. 

In conjunction with local experience, it is envisaged that the review will allow the identification 
of specific RO products and “best bet” approaches to permit experimental verification of 
overseas research data in replicated field trials and to assess their relevance to NSW catchments. 

Australia generates substantial quantities of urban wastes annually (over 21 million tonnes in 
1996/7) and is among the top 10 solid waste generators within the Organisation of Economic 
and Cooperative Development (OECD) countries. To reduce the pressure on shrinking landfill 
space near densely populated metropolitan areas and on environmental grounds, Australian 
State governments have legislated to reduce or ban garden organics from landfills. This has 
accelerated the pace of compost-recycling of garden organics and some segments of the RO 
industry are now faced with an oversupply of RO products. The markets identified for the 
products have mainly been in urban landscaping, intensive horticulture, viticulture and 
agriculture. However, RO products may potentially be used for rehabilitating large areas of 
degraded farming land and natural catchments, which has come about largely through 
unsustainable human activities and attendant soil erosion. 

Soil erosion is a serious threat to sustainable agricultural production as well as a major problem 
for watershed management and conservation of the natural resource base. Soil erosion and 
deposition cause not only on-site degradation of land resources but also off-site problems such 
as down-stream sediment deposition. Suspended sediments in water bodies affect water quality 
and cause pollution because of the various nutrients and toxic agrochemicals adsorbed on the 
sediments. The sediments also cause loss of reservoir storage capacity and eutrophication of 
water bodies.  

The most critical factor in protecting soils from erosion by water and wind is the maintenance of 
ground cover that is fixed or in close contact with the soil surface (e.g. trees, shrubs, pasture, 
plant residues and forest litter). Any event that reduces the protective ground cover increases the 
risk of soil loss. Excessive clearing of vegetation, conventional bare cultivation of agricultural 
land, stubble burning, together with overgrazing by introduced animals, has led to structural 
damage to much of the topsoil in NSW, resulting in continuing soil erosion. Bushfires also 
remove both the native plants and the vegetation litter covering the ground, exposing these areas 
to erosion. The subsequent lack of ground cover increases the intensity of water run-off and 
hence soil erosion, because no vegetation or litter are present to moderate the raindrop impact 
on the bare soil or to slow the flow rate of run-off water across the ground. In recent years, new 
gullies have formed in the Sydney water supply catchments in the Blue Mountains in the wake 
of bushfires. 
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The restoration of degraded landscapes depends on the reinvestment of soil carbon and nutrient 
resources into the soil. RO products are valuable sources of organic carbon and can improve soil 
health, thereby promoting more consistent and rapid vegetation establishment. Improved plant 
establishment leads to the addition of more organic carbon from the plant residues and the 
development of a rooting system through the soil, which contribute to minimising run-off and 
mitigating soil erosion. In many overseas countries, the use of RO products for land 
rehabilitation is increasingly being considered as a technical solution to reversing environmental 
degradation and promoting re-establishment of vegetation cover.  

Research in the United States has shown that any disturbed or excavated site with a 25% slope 
or less can be protected from erosion by an application of a layer of RO product of 25-75mm 
depth, with the higher rates being used on steeper slopes. Some gradual slopes may require as 
little as 25mm depth. Particle sizes should be a mix of fine grades (10-13mm) and coarse grades 
(50-75mm). A mixture ratio of 3:1 (fine: coarse) has been recommended in many studies. 
Coarse grades may be larger if rapid vegetation establishment is not a primary goal. For steeper 
slopes, more aggressive techniques like netting and hydroseeding in conjunction with stickers or 
“tackifiers” may be necessary to hold the RO products in place. 

Rainfall simulation studies in the US and Europe have shown that runoff and sediment loss are 
usually reduced significantly and water quality improved compared to degraded areas untreated 
with RO products. Further, there is usually little export of heavy metal contaminants or nutrients 
into the runoff water, if the RO products are derived primarily from “yard wastes” or garden 
organics.  If biosolids are used in the compost production, there may be some concern regarding 
the export of nutrients like phosphorus and nitrogen. As such, in Australia at least, RO products 
conforming to the Australian Standard (AS 4454-2003) should be used to ensure that the 
environmental risks are minimised, if not eliminated. 

In general, there are three basic methods of using RO products in erosion control: erosion 
control blankets, vegetation establishment blankets and filter berms. Each method has its 
advantages and will depend on the slope of site, amount of potential rainfall, activity around the 
site and intended vegetation establishment. In many cases, more than one method can be used in 
combination. For steeper slopes, filter berms are used to slow the rate of water flow and filter 
out the soil sediments and pollutants. Specifications for RO products used in erosion control 
normally include particle size, moisture content, organic matter content, pH, soluble salt content 
and synthetic inert contents e.g. plastics, glass, etc. In the United States, special specifications 
for compost blankets and filter berms have been developed for various locations e.g. housing 
development sites, highway projects, etc. However, the vastly different climatic conditions of 
continental USA have required modifications to these specifications to suit local needs.  

In Australia, there is little documented information on the use of RO products in the 
rehabilitation of degraded land in water catchments. The NSW Department of Infrastructure, 
Planning and Natural Resources (DIPNR) has traditionally used a layer of cereal straw or 
meadow hay (5-10cm) as an erosion blanket, oversown with a seed mixture of exotic pasture 
grasses (cocksfoot, tall fescue and ryegrass) and legumes (white and subterranean clovers). 
When available or economically feasible, native grasses and shrubs (planted as tube-stocks) 
have also been used for longer-term revegetation. However, in recent years, with the advent of a 
protracted drought and the concomitant high price of cereal straw and meadow hay, DIPNR has 
successfully been using a composted  soil conditioner product (Nitrohumus®) produced from 
garden organics and biosolids as an alternative. The composted soil conditioner is surface 
applied  (about 1cm layer) as a vegetation establishment blanket, followed by sowing with the 
usual seed mixture.  
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However, relatively little research has been undertaken to characterise the effects of composted 
soil conditioner products on reducing runoff, soil loss and the export of nutrients in the runoff 
from treated areas in the NSW context. Nor has there been research conducted on the 
effectiveness of coarser RO products (mulches) for stabilising steeper slopes in NSW. 
Therefore, there is a need for scientific performance data to verify the usefulness of specific 
locally-produced RO products for catchment management in NSW and to develop guidelines for 
their optimal and economic use. 
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1 Introduction 

1.1 Background 

In Australia, substantial quantities of urban wastes are generated annually. For 1996-97, the 
Australian Bureau of Statistics estimated that 21.2 million tonnes of solid wastes were received 
and disposed at landfills nationwide (ABS 1998). This equates to a per capita solid waste 
disposal of 1.1 tonnes/year, placing Australia among the top 10 solid waste generators within 
the Organisation of Economic and Cooperative Development countries (OECD 1999). 
Approximately 40% of all solid wastes are municipal wastes, much of it from domestic 
households. The per capita disposal rate for municipal waste in Australia is 620 kg/year, placing 
it second only to the USA (OECD 1999). Domestic or household waste streams typically 
include garden wastes, paper, glass, plastic and food wastes.  

To reduce the pressure on shrinking landfill space near densely populated metropolitan areas 
and on environmental grounds, Australian State governments have legislated to reduce or ban 
garden organics from landfills. This has accelerated the pace of compost-recycling of garden 
organics and some segments of the recycled organics (RO) industry are now faced with an 
oversupply of RO products. The markets identified for the products have mainly been in urban 
landscaping, horticulture, viticulture and to a lesser extent, agriculture (Love and Rochfort, 
1998). However, there is now recognition that RO products may potentially be used for 
rehabilitating large areas of degraded farming land and natural catchments. This land 
degradation has come about largely through unsustainable farming practices and urban 
development in catchment areas.  

Soil erosion and associated sediment deposition have become a serious threat for sustainable 
agricultural production as well as a major problem for watershed management and conservation 
of the natural resource base (Lal 2000; Walling 2001). A recent report by the United Nations 
Environment Program (UNEP 2000) highlights the seriousness of soil degradation, in particular 
soil erosion, at a regional and global level. Soil erosion and deposition cause not only on-site 
degradation of land resources but also off-site problems such as down-stream sediment 
deposition in fields, flood plains and water bodies. Suspended sediments in water bodies affect 
water quality and cause pollution because of various nutrients and agrochemicals adsorbed on 
the sediments. The sediments also cause loss of reservoir storage capacity and eutrophication of 
water bodies (Clark 1985).  

The negative impacts of soil erosion and deposition are ecological as well as socio-economic. 
Globally, the current economic costs of the on-site and off-site impacts of erosion of agricultural 
land have been estimated to amount to some US $ 400 billion per year (Bernard and Lavardiere 
2000). However, effective soil conservation programs can successfully counter soil erosion 
losses.  For instance, in the USA, it has been estimated that total erosion of cropland was 
reduced by 42% between 1982 and 1997 as a result of the removal of cropland susceptible to 
erosion from production and improved soil conservation measures (Bernard and Lavardiere 
2000). Similarly, it was reported that the recent reduction in the sediment load of the Yellow 
River in China partly reflected the extensive implementation of soil and water conservation 
measures within the highly erodable region of the middle Yellow River basin (Mou 1996).  
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1.2 Scope of the literature review 

This review will: 

– identify the forms and sources of soil erosion in the Australian landscape and focus on 
factors relevant to New South Wales catchments 

– identify the conventional methods used in Australia as well as overseas in combating soil 
erosion and catchment degradation 

– examine the benefits of recycled organics products for improving soil health and 
remediating degraded soils 

– examine the role of recycled organics products and vegetation in controlling run-off and 
soil erosion, and rehabilitating degraded areas within NSW catchments. 

In conjunction with local knowledge, it is envisaged that the review will allow the identification 
of specific RO products and “best bet” approaches to erosion and run-off control for 
experimental verification in field trials in NSW catchments. 

2 Soil erosion and land degradation 

2.1 The Australian landscape 

Soil erosion is a major and continuing issue for Australian agriculture and catchment 
management. It also impacts on river, estuary and marine resources. It causes unsustainable 
losses of soil for agriculture and in some areas exceed rates of soil formation by up to 50 times. 
Hill-slope erosion (sheet and rill erosion) is serious in Australia's tropical northern regions, 
particularly at the onset of the wet season but also affects the semi-arid woodlands and arid 
interior. Maintaining vegetative cover, minimising soil disturbance and building sediment-
trapping wetlands and riparian areas remain imperatives throughout much of the country.  

Gully erosion persists as the major erosion process affecting river health in southern and eastern 
Australia. Sediment from these previously active gullies has affected about 10,000 kilometres of 
stream length in the Murray-Darling Basin alone. These rivers with coarse sand accumulations 
in stream beds exacerbate flooding and smother the habitats of Australian native fish. Active 
gully erosion is still occurring in northern Queensland and in south-western regions of Western 
Australia. Changes to agricultural practices that minimise gully erosion are urgently required 
from both on-farm and off-farm perspectives.  

River bank erosion is also a major problem. Extensive lengths (120,000 kilometres) of riparian 
vegetation along eastern Australia's rivers and streams are degraded and require rehabilitation. 
Where these landscape resources are intact, they protect the integrity of banks against erosion. 
Priority areas include much of the Murray-Darling Basin, South Australia and south-western 
regions of Western Australia.  

Sediment delivery to streams, rivers, estuaries and near-shore marine zones is high in many 
catchments. Deposition of sand and suspended sediments in streams and rivers is worst in the 
Murray-Darling Basin, coastal regions of New South Wales, south-east Queensland and the 
south-west of Victoria. From a near-shore marine and estuary perspective, approximately 90% 
of suspended sediment loads reaching marine and estuarine environments are derived from 20% 
of agricultural catchments, particularly in coastal regions of Queensland and New South Wales.  
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For the Great Barrier Reef Lagoon, about 25% or 12 million tonnes of sediment delivered to 
streams is discharged each year on average across all contributing catchments. This is predicted 
to be approximately three times greater than natural loads, with consequent impacts on estuaries 
and marine fisheries, seagrasses and near-shore coral reefs. However, for catchments such as the 
Burdekin and Fitzroy, loads can be more than 20 times the natural loads.  

Nutrient loads to Australian rivers and estuaries are also a matter of concern. Nearly 19,000 
tonnes of total phosphorus (P) and 141,000 tonnes of total nitrogen (N) are exported to 
Australia's coast each year from areas of intensive agriculture. The highest exports are in 
northern Queensland, Moreton Bay in southern Queensland and New South Wales. Efficiency 
of phosphorus delivery from Australia's rivers to the coast varies from as low as 3% in the 
Murray-Darling Basin to over 90% in Tasmania.  

Targeted erosion control and soil management provide significant contributions to managing the 
supply of nutrients in sediment loads to most rivers. Where a large part of the increase is caused 
by increases in either surface run-off loads or point source discharges, close attention needs to 
be paid to fertiliser application, animal waste retention on-farm, and sewage treatment plant and 
septic tank effluent management.  

However, the impact of erosion has not always been negative. Soil erosion and deposition by 
wind has had a major role in creating landforms and soils across large parts of Australia, with 
much of the landscape being built of materials of aeolian origin. Natural wind erosion during the 
past two million years has been responsible for transporting fine sands, silts and clays from the 
Riverina plains of western NSW onto the higher lands to the east, where they have been 
deposited. These materials have improved the nutrient content and soil structure on the higher 
lands (ABS 1996).  

2.2 Soil erosion in NSW catchments 

The clearing of native vegetation since European settlement has been directly associated with 
the spread of soil erosion in NSW. Excessive clearing, together with overgrazing by introduced 
animals, leaves the soil unprotected by ground cover, resulting in structural damage to the 
topsoil through erosion. This problem was exacerbated by the introduction of the European 
rabbit, which multiplied to plague proportions before the use of a biological control agent, the 
myxoma virus, in 1950 to reduce its impact (Austin 1999). However, there has been a 
resurgence of this pest in recent years and land degradation in farming country continues. 
Natural variations in climate, especially cyclic droughts and rainstorms of high intensity, are 
also highly instrumental in aggravating soil erosion (Connors 1999).  

The removal of the protective cover of native vegetation and the decline of soil structure (such 
as compaction or soil crusting) have led to a massive increase in surface run-off of water. This is 
because less water infiltrates the surface of the soil when the topsoil is eroded and degraded soil 
surfaces are exposed. Increased surface run-off has created excessive hydrologic loads for 
streams, leading to gully and stream-bank erosion and flooding where the streams have failed to 
contain the extra loads within their boundaries. This dramatic change to the catchment 
hydrology appears to have resulted from a series of catastrophic events following European 
settlement (Olley 1995), adding to the land degradation problems that are experienced today. 
However, there is some scientific evidence that topsoil erosion by water has declined in recent 
years. This suggests that modern farming techniques are not further stressing the hydrology of 
catchments and that a new equilibrium may be developing from the changed catchment pattern 
(Olley 1995; Wasson et al. 1998). 
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Soil erosion is one of the most significant forms of land degradation and is greatly influenced by 
land use and management (Woods 1984; Edwards 1991; Erskine and Saynor 1996a,b). 
Although the soil formation rates are poorly defined in Australia, they are certainly less than the 
soil loss rates from all the most conservation-oriented land uses (Edwards 1991). Neil and 
Galloway (1989) concluded that the sediment yield in the Southern Tablelands of New South 
Wales from cropped area were about 2.8 times greater than from native forest. Neil and Fogarty 
(1991) have also obtained data for the same area to demonstrate that native pastures produced 
3.8 times, improved pastures 5.4 times, cropped areas 21 times, over-grazed pastures 27 times 
and pine plantations 38 times more sediment than native forests.  

From the same area, Neil and Richardson (1990) found that sediment yield from a saline 
seepage scald was about 600 times that from grazed catchments and about 200 times that from 
tilled catchments. Edwards (1987) reported that summer cropping increased mean annual 
sediment yields by up to 25 times over minimally disturbed pastures at the Research Stations of 
the Soil Conservation Service of New South Wales (Cowra, Gunnedah, Inverell, Scone, Wagga 
Wagga and Wellington). Erskine and Saynor (1996a) documented orders of magnitude increases 
in soil loss rates between land that had been “retired” from agriculture and returned to pasture, 
wheat fields and bare fallow in central eastern New South Wales. In a recent study conducted at 
small basins of Triassic sandstone near Sydney, Erskine et al. (2002) found that land use is the 
dominant factor determining sediment yield and soil loss rates. Cultivated basins produced an 
average sediment yield of 7.1 t/ha/year whereas grazed pastures and forest/woodland basins 
exported an average of only 3.3 and 3.1 t/ha/year respectively.  

Soil erosion leads not only to a loss of organic matter and soil nutrients from the surface, 
causing soil and land degradation, but also the deposition of sediment and nutrients in streams. 
In gully and rill erosion, the subsoil is the major source of sediment. Sediment eroded from 
catchment surfaces and stream channels may either be redeposited within the catchment system 
or exported from the catchment as fluvial sediment load (Olley 1995; Wasson et al. 1998). 
Deposition of eroded sediment can lead to nutrient enrichment of streams and subsequent 
eutrophication of waterways. The levels of nutrients generated from various forms of rural land 
use can be substantial. A study in the Hawkesbury-Nepean catchment indicated that 11kg of P 
and 127kg of N per hectare was lost in storm water from various land use activities (Hollinger et 
al. 2001).  

3 Forms of erosion 

3.1 Water erosion 

Water erosion results from the removal of soil material by flowing water. A part of the process 
is the detachment of soil material by the impact of raindrops. The soil material is suspended in 
run-off water and carried away. Water erosion includes sheet, rill and gully erosion, all of which 
occur in NSW. 'Sheet' erosion is the removal of the thin layer of topsoil by raindrop splash 
and/or water run-off. 'Rill' erosion refers to soil removal by run-off that collects into small 
drainage lines (generally less than 30 cm deep) called rills. The Soil Conservation Service of 
NSW (SCS) reported that recently cultivated or disturbed soils are particularly susceptible to rill 
erosion (SCS 1989). Sheet and rill erosion hazards commonly occur on cropped lands with 
slopes generally above 3%. 'Gully' erosion occurs when smaller water flows concentrate and cut 
a channel, down which water flows only during or just after rain. It can result in the removal of 
the entire topsoil, then much of the subsoil, and the sedimentation of waterways. Gully erosion 
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occurs on most land types. The Department of Land and Water Conservation (DLWC 2000) has 
estimated that some form of water erosion affects more than 35% of the NSW landscape. 

Gully erosion in NSW occurs mainly in the uplands on the margins of the Murray-Darling 
Basin. A large proportion of the gully erosion evident today reflects past land-use practices 
(Wasson et al. 1998), particularly excessive clearing of native vegetation followed by 
overgrazing by introduced animals and pests. On the slopes of the Great Dividing Range of 
NSW, in regions where both cropping and grazing are practised, sheet and rill erosion tend to be 
the predominant forms of water erosion.  

Fires also remove both the native plants and the vegetation litter covering the ground, exposing 
these areas to erosion. For example, new gullies are being formed in the Sydney water supply 
catchments in the Blue Mountains in the wake of fires. These areas are subjected to hot dry 
seasons alternating with a wet season with a total rainfall greater than 500 mm (ABS 1996). 
However, throughout Australia, infrequent but high-intensity destructive storms are responsible 
for a significant proportion of total soil loss. This is caused by significantly more run-off and 
less infiltration to the soil during heavy rain compared with usual rainfall events (Hairsine et al. 
1993). Lack of ground cover increases the intensity of water run-off and hence soil erosion 
because no vegetation is present to moderate the raindrop impact on the bare soil or to slow the 
flow rate of run-off water across the ground.  

3.2 Wind erosion 

Wind erosion is a particular feature of the drier parts of the State, especially those areas with 
fine sandy soils such as the mallee lands of the central and south-western plains of the Murray-
Darling Basin (MDB). Cultivation of these soils for wheat production or for pasture 
establishment can easily lead to a breakdown of the soil particles into sizes that are more 
susceptible to wind erosion, especially as wind erosion involves the loss of the finer soil 
particles (MDBC 2000). 

Wind erosion is the detachment and movement of soil by the action of wind. Most wind erosion 
occurs in the semi-arid and arid lands, where annual rainfall is less than 400-600 mm and lighter 
sandy soils prevail. Nevertheless, all of NSW is subject to drought from time to time and soils 
of high and moderate risk in normally wetter areas can be expected to become mobile in such 
circumstances. In many instances, the only evidence that wind erosion is occurring may be 
atmospheric haze, where the dust consists of fine mineral and organic particles of soil. These 
particles can have nutrient concentrations many times greater than the soil from which they 
came. Selective loss of finer soil particles leaving only coarse particles is a particular problem 
and has the effect of reducing soil nutrient levels and the ability of the soil to retain moisture for 
plant growth. In affected areas, large sand drifts can have substantial adverse impacts on 
agricultural production and local infrastructure.  
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4 Impacts of erosion 

4.1 Agricultural productivity 

Soil loss has clear economic impacts on agriculture. The most productive layer of soil is the 
topsoil layer. It has been estimated that the removal of 1 cm of topsoil (the equivalent of 120 
tonnes of topsoil per hectare) from wheat-growing paddocks reduces wheat yields by an average 
of 150 kg/ha or 10% of the national average wheat yield in Australia (Malcolm et al. 1996). The 
impacts of erosion can be masked for many years, as they can be obscured by cultivation or 
plant growth. The most immediate impact is a loss of nutrients carried away in the soil. This 
reduces agricultural productivity but has been offset in the past by the use of fertilisers. A 
medium to long-term impact is the reduced water-storage capacity of the soil, which is critical 
where soil depth, and thus available water storage capacity, is already marginal. The reduced 
water storage causes a loss of productivity (Sullivan 1991) and eventually increased run-off. 

4.2 Water quality and ecosystem health 

The loss of topsoil also affects water quality and the viability of ecosystems. Most off-site 
impacts of accelerated erosion are associated with the deposition of sediment with adsorbed 
nutrients and/or toxic agrochemicals and a consequent reduction in water quality and loss of in-
stream biota. In-stream impacts are exacerbated in areas where access of livestock to river 
frontages causes damage to riparian vegetation, bringing a change in the ecological balance, 
increasing stream bank erosion and causing a deterioration of water quality. 

Stream sediments also degrade water supplies for municipal and industrial use, and provide an 
important transporting medium for a wide range of nutrients and chemical pollutants that are 
readily adsorbed on sediment surfaces. The increasingly common occurrence of algal blooms 
and fish kills in inland waters is also testimony to the load of plant nutrients released into the 
water by soil erosion. Increased turbidity of coastal waters due to sediment load may adversely 
affect organisms such as benthic algae, corals and fish. 

5 Erosion control 

5.1 Current methods 

There are several accepted best management practices (BMPs) that are used currently in 
controlling wind and water erosion. They range from better utilisation of the natural 
environment to the construction of artificial devices. Some of these BMPs include crop rotation, 
contour cultivation, strip cropping, terraces, grass waterways, diversion structures, riparian 
strips and conservation tillage. Maintenance of 70% plant cover on agricultural land is usually 
considered sufficient to substantially inhibit erosion. Other techniques for erosion control, such 
as contour banks, reduced tillage and strip cropping, provide supplementary measures. Studies 
(e.g. Wylie 1993) have found a clear trend towards decreased erosion with farm management 
practices that result in increased ground cover, such as mulching or zero tillage. However, it is 
recognised that there are many soil and climatic environments where reduced or zero tillage has 
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led to an interim period of lower crop yields. A mid-1990s study found that such techniques 
were used on under 36% of cropping land in NSW (ABS 1996) but there has been greater 
adoption of lower impact methods by farmers in recent years (NSW Agriculture 1999).  

On the slopes of the Great Dividing Range of NSW, contour ploughing has been used to prevent 
water erosion and combat the early stages of sheet and rill erosion. Unlike rills, gullies cannot 
be removed by tillage. Gully erosion is a particular problem because it reduces or subdivides 
arable land and establishes permanent pathways for the movement of sediment and other 
pollutants such as nutrients or agrochemicals. Gully rehabilitation is also generally very costly. 
Wind erosion can be minimised by retaining vegetative cover and using windbreaks to reduce 
wind speeds at the land surface. It is also critical to maintain soil structure, particularly in light-
textured soils. This is best achieved by minimum tillage and a low frequency of cropping. 

5.2 Role of vegetation 

The most critical factor in protecting soils from erosion by water and wind is the maintenance of 
ground cover that is fixed or in close contact with the soil surface (e.g. trees, shrubs, pasture, 
plant residues and forest litter). Any event that reduces the protective ground cover increases the 
risk of soil loss. In particular, salinity, acidity and poor soil fertility can all lead to poor 
development of protective vegetation and result in the exposure of soil to raindrop impact, water 
run-off and wind. Poor soil structure and/or water repellency problems aggravate soil erosion by 
reducing infiltration and increasing run-off. Land clearing and cultivation can also lead to a 
decline in soil structure from the physical breaking up of the soil into smaller units and the 
oxidation and loss of soil organic matter, which binds soil particles together. Excessive clearing 
of vegetation, together with overgrazing by introduced animals, has led to structural damage to 
much of the topsoil in NSW, resulting in continuing soil erosion.  

6 Role of recycled organics 

6.1 The recycled organics industry 

 “Recycled organics” (RO) is a generic term for a range of products manufactured from 
compostable organic material such as garden organics, food organics, residual wood and timber, 
biosolids and agricultural organics (ROU 2001). The composting process is essentially a 
controlled and more rapid version of the natural decomposition of organic material. The form of 
organic carbon in composted RO product is important for their potential role in carbon 
sequestration (Gibson et al. 2002). This review will focus on composted RO products primarily 
derived from the garden organics component of the RO stream.  

In the composting process, organic materials are pasteurised and transformed microbially under 
aerobic and thermophilic conditions for a period not less than six weeks. This composting 
process is not complete after this time and many products are then typically matured for a 
further period of 12 to 16 weeks under mainly aerobic mesophilic conditions. The resultant 
products are stabilised materials with a high carbon content and free from viable pathogens and 
weed propagules. In Australia, compost quality is defined by an Australian Standard (Standards 
Australia 2003), which prescribes aspects such as contaminant limits, stability and maturity 
criteria and physical properties. In NSW, several RO products such as biosolids and liquid food 
organics are stablised by chemical treatment or digestion and applied directly to land. Use of 
biosolids in agriculture is regulated by the NSW Environment Protection Authority guidelines 
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(NSW EPA 1997), which define product standards, application limits, site limitations and 
documentation. 

While there are many specific blends and mixes of RO products, they mainly fall into two basic 
categories as defined by their end use (ROU 2001). They are (1) composted mulch, which is 
applied to the soil surface and has at least 70% of its mass with a particle size of >15mm and (2) 
composted soil conditioners, which are suitable for incorporation into the soil and have less than 
15% of its mass with a particle size of >15mm. The chemical composition of composted RO 
product can vary from batch to batch depending upon availability and chemical characteristics 
of particular raw materials. In the Sydney basin, raw materials are typically garden organics, 
which are composted in windrows either on their own or with animal manures or biosolids. 
Municipal solid wastes (MSW) are usually processed by in-vessel composting systems. The 
organic carbon content in composts can range from 20-30% (equivalent to 34-52% organic 
matter) [Fahy and Richard 2000]. The range of constituent compositions in some Australian 
composts is given by Wilkinson et al. (2000).     

6.2 Use of RO products in agriculture 

RO application offers an approach that can reverse the associated decline in soil physical, 
chemical and biological properties (Navas et al. 1998) while at the same time reducing the stress 
placed upon our waterways and atmosphere. The incorporation of RO products into soil can 
reduce the use of inorganic fertilisers resulting in economic and environmental benefits for the 
whole community. Although RO products may not necessarily replace all the inorganic fertiliser 
inputs for crop production, they can be used in conjunction with inorganic fertilisers (Malik et 
al. 1999) to substantially reduce chemical fertiliser use. If the transport distances from 
composting facilities to the farms are relatively short, RO products have been shown to be an 
economic partial replacement for inorganic fertilisers (Hansson et al. 1999).  

The existence of available and residual N forms in mature, composted RO products can provide 
an initial short-term release of available N (nitrate and ammonium) at the time of RO 
application and a more sustained release of the residual N during the subsequent growing 
seasons (Malik et al. 2000). Despite this pattern of N availability, application rates should not 
exceed agronomic rates (based on N content and estimated mineralisation rate) so that nitrate 
leaching to ground water is avoided (He et al. 2000; Buchanan and Gliessman 1991; Iglesias-
Jiminez and Alvarez 1993). This is the approach taken by regulatory guidelines for the 
application of RO products such as biosolids to agricultural land (NSW EPA 1997).  

6.3 Role of RO products in improving soil quality 

“Soil quality” has been defined by the Soil Science Society of America (1997) as "the capacity 
of a specific kind of soil to function within natural or managed ecosystem boundaries, to sustain 
plant and animal productivity, maintain or enhance water and air quality, and support human 
health and habitation". This definition portrays a “good quality" soil as a living and dynamic 
system, which is stable, resistant to stress and disturbance (buffering capacity) and with an 
ability to regenerate after disturbance (resilience) [Van Bruggen and Semenov 2000; Sherwood 
and Uphoff 2000]. The benefits of the use of RO products on soil quality have been extensively 
reviewed by Gibson et al. (2002). 

RO products have been shown to improve soil biological fertility (microbial biomass/function 
and mineralisation potential), chemical fertility (pH, cation exchange capacity and nutrients) 
and physical fertility (soil porosity, aggregation, structure, bulk density, water holding capacity 
and hydraulic conductivity). The increase in soil biomass and biological abundance, diversity 
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and activity resulting from the higher levels of organic matter present in the soil positively 
influenced soil structure, nutrient cycling and availability, buffering capacity and disease control 
in conventional system (Dick 1992; Pankhurst et al. 1994). Earthworm numbers were also 
increased (Edwards and Lofty 1982), which improved soil permeability and hydraulic 
conductivity (Jones et al. 1993). The consequence of improved soil quality is that the soil will 
be less susceptible to erosive forces.  

6.4 RO products for controlling soil erosion and run-off 

In Australia, RO products have so far been used mainly in urban landscaping, horticulture, 
viticulture, and to as lesser extent, agriculture. However, their role may be extended to 
managing disturbed landscapes in catchments, where the environmental issues of soil erosion, 
run-off and soil degradation are just as important as the previous emphasis on agricultural 
production. 

In agriculture, soil erosion is associated with a suite of on-farm and off-farm problems such as 
nutrient loss, yield decline, flooding, sedimentation and eutrophication (Pimental 1993; 
Conacher and Conacher 1995). Under good management in both conventional and organic 
agriculture, such problems have been reduced substantially (Arden-Clarke and Hodges 
1987,1988; Pimental et al.1995). Comparisons of effects are often difficult because of the 
variability in RO products and in the test soils used in different studies (Albiach et al. 2000). 
The effects of RO mulch treatments will also differ from RO treatments incorporated into the 
soil. The initial effects of the former on the soil properties would primarily be restricted to 
surface effects at the RO/soil interface until further decomposition and natural mixing had taken 
place.  

The restoration of degraded landscapes depends on the restoration of soil carbon and nutrient 
resources. As RO products improve the soil health, plant establishment is more consistent and 
rapid. Improved plant establishment leads to the addition of more organic carbon from the plant 
residues and the development of a rooting system through the soil (Garcia et al. 1992; 
Giusquiani et al. 1995; Northcliff 1998), which contribute to minimising run-off and mitigating 
water erosion (Harris-Pierce et al. 1995; Moffet 1997). The use of RO products for land 
rehabilitation is increasingly being considered as a technical solution to reversing environmental 
degradation and promoting re-establishment of vegetation cover (Zier et al. 1999). When 
applied as a surface mulch, the RO products protect the soil from direct sunlight, reduces 
sediment loss by wind and increases water infiltration from rainfall. Therefore, their use has 
been incorporated as an additional strategy in erosion control (Edwards et al. 1994). The organic 
matter in the RO products has the potential to improve water infiltration and retention in soils 
(Epstein et al. 1976; Schneider et al. 1981; Ross et al. 1991).  

Run-off and erosion of soils increase with decreasing vegetative cover and increasing slope 
(Hernandez et al. 1989). Plant cover reduces the energy associated with raindrop impact and 
slows surface water flow promoting greater infiltration while reducing run-off. Therefore, 
increased plant cover may result in reduced run-off and sediment yields (White et al. 1997; 
Pierce et al. 1998).  

Ros et al. (2001) conducted a two-year field experiment to evaluate the effect of adding 
different RO products on land with a 15% slope. The organic materials were incorporated into 
the top 20 cm layer of soil in sufficient amounts to increase the soil carbon content by 2%. They 
found that the addition of the stabilised municipal waste, aerobically digested sewage sludge 
and MSW compost reduced soil loss by 78, 80, and 94% respectively compared to the control. 
They recommended a single application of 250-300 wet t/ha of these materials to control 
erosion in susceptible lands. 
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Nutrients and heavy metals can be transported off-site by surface run-off. Surface run-off in 
soils occurs when rainfall intensity exceeds the infiltration capacity of the soil. Most of the loss 
in run-off occurs from a few high intensity rainstorms and the concentration of the chemicals in 
run-off can be high during those events (Hubbard et al. 1982). The total volume of the run-off is 
affected by climatic factors as well as precipitation intensity, duration and distribution, 
watershed topography, geology, soil type, vegetative cover characteristics and soil moisture 
conditions. 

Demars and Long  (1998) showed that compost application reduced soil loss by 86% compared 
to bare soil, and sediments reaching nearby surface waters decreased by 99% when compared to 
silt fences and 38% when compared to hydromulch applications. In a 3-year study, Bazzoffi et 
al. (1998) reported that the single application of compost at the rate of 64 t/ha to a trial site with 
a 15% slope brought about a significant reduction in runoff of up to 399 m3/ha during the 
cropping period of a maize crop, while soil loss was reduced by up to 2.4 t/ha. At the end of the 
above study, Bazzoffi and Pellegrini (2000) concluded that compost was highly effective in 
reducing run-off and soil erosion. 

In a laboratory study, Agassi et al. (1998) evaluated the effect of the amount and mode of 
application of MSW compost on run-off. A control, three mulching treatments of 100, 200 and 
300 m3/ha and a soil incorporation of 200 m3/ha were exposed to 400 mm/h simulated rainfall 
for about 40 minutes to obtain a total of 260mm of rainfall. It was possible to control the run-off 
effectively by mulching at the rate of 100 m3/ha (1 cm mulching depth). Compared with the 
control, there was a reduction of 74.5, 74.2 and 70.9% reduction at 100, 200 and 300 m3/ha 
respectively. In contrast, the incorporation treatment of 200 m3/ha decreased run-off by only 
17.3%, suggesting that the surface spreading of compost rather than its incorporation was more 
effective.  

Bresson et al. (2001) investigated the impact of MSW compost application mixed with soil 
under simulated rainfall of 19 mm/h for 60 minutes. They found that the compost application 
reduced the sediment concentration of run-off by 69.7 %. This was attributed to the stabilisation 
of the aggregate framework of the soil, which allowed the particles detached from the top of 
surface aggregates to penetrate deeper. They also suggested that in highly unstable soils, MSW 
compost application was efficient in combating soil surface structure degradation and its 
consequence on run-off and erosion.   

In NSW, there is little documented information on the use of RO products in the rehabilitation 
of degraded land in water catchments. The Department of Infrastructure, Planning and Natural 
Resources (DIPNR) has traditionally used a layer of cereal straw or meadow hay (5-10cm) as an 
erosion blanket, oversown with a seed mixture of exotic pasture grasses (cocksfoot, tall fescue 
and ryegrass) and legumes (white and subterranean clovers). When available, native grasses and 
shrubs may also be used for longer term revegetation (Frank Exon, personal communication). In 
recent years, with the advent of a protracted drought and the concomitant high price of cereal 
straw and meadow hay, DIPNR has attempted to use a composted soil conditioner 
(Nitrohumus®) produced from garden organics and biosolids as a replacement product for the 
rehabilitation of degraded areas. The product was used as a surface application (1-2cm layer), 
followed by sowing with the usual seed mixture. 

However, relatively little research has been undertaken to characterise the effects of composted 
soil conditioner products on reducing runoff, soil loss and the export of nutrients in the runoff 
from treated areas in the NSW context. Nor has there been research conducted on the 
effectiveness of coarser RO products (mulches) for stabilising steeper slopes in NSW. 
Therefore, there is a need for scientific performance data to verify the usefulness of specific 
locally-produced RO products for catchment management in NSW and to develop guidelines for 
their optimal and economic use.  
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6.5 Rehabilitation of mine-sites and drastically disturbed land  

Mining, excessive farming and industrial activities often create soils that are barren, physically 
and chemically degraded and unable to support plant growth (Norland 2000). There is often 
extensive soil erosion, acidity, chemical pollution and salinity as well. RO products as soil 
amendments have enhanced soil physical, chemical and biological properties, resulting in 
improved plant growth and successful revegetation of these sites. However, many NSW soils 
have inherent problems of salinity, sodicity and acidity (Northcote 1983) and RO product may 
also be useful in these situations by providing a better soil environment and starting the 
remediation process.  

Disturbed and degraded areas respond exceptionally well to the high levels of organic matter 
and plant nutrients in RO products containing biosolids. Lime-stabilised biosolids can also 
rectify acidic soils. Biosolids alone have been used successfully to revegetate and rehabilitate 
many sites including the Sydney Airport’s third runway, Springwood Golf Course, mine-sites 
and quarries. At the BHP’s Port Kembla Steelworks site, biosolids have been mixed with coal 
wash and granulated slag from the steel making process to produce a soil substitute. More than 
350,000 trees have been planted around the Port Kembla site using this soil substitute (Sydney 
Water Corporation 2000b) and is an example of successful rehabilitation of a disturbed area. 

7 Specifications of RO products for erosion control 

7.1 Application methods and specifications 

There are three basic methods of applying RO products for erosion control: (a) compost 
blankets or erosion control blankets, (b) vegetation establishment blankets and (c) filter berms. 
Each method has its advantages and will depend on the slope of site, amount of potential 
rainfall, activity around the site and intended vegetation establishment. In many cases, more 
than one method can be used in combination (Rissie and Faucette 2001) 

The usefulness of a particular type of RO product will depend on many factors including the 
feedstocks and processes used to produce it. Specifications for RO products used in erosion 
control include particle size, moisture content, organic matter content, pH, soluble salt content 
and other parameters. An example of specifications for an erosion control blanket and a filter 
berm are given in Table 1.  
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Table 1.  Examples of specifications for an erosion control (compost) blanket and a filter berm 
for use in Georgia, USA (adapted from Rissie and Faucette 2001)  

 

 

Property 

 

Erosion Control Blanket 

 

Filter Berm 

Particle size 10-13mm screen & 50-75mm 
screen (ratio = 3:1) 

10-13mm screen & 50-75mm 
screen (ratio = 1:1) 

Moisture content 20-50% 20-50% 

Soluble salt 3.0-6.0 dSm-1 4.0-6.0 dSm-1 

Organic matter 40-70% 40-70% 

pH 6.0-8.0 6.0-8.0 

N content 0.5-2.0% 0.5-2.0% 

Human made inert content 0.0-1.0% 0.0-1.0% 

Application rate 25-75mm depth 30-60cm height 

 x 75-120cm width 

Maturity Yes/High Yes/High 

 

Generally, a mix of fine and coarse grades of compost is best for controlling erosion. The fine 
compost (passing though a 10-13mm screen) will penetrate the soil surface and increase water 
infiltration and water holding capacity. In addition, the fine compost is essential for rapid 
vegetation establishment and long-term soil and plant health. Coarse grades of compost (passing 
through a 50-75mm screen), although harder to plant into, help to prevent raindrops splashing 
directly on the soil surface and are less likely to be disturbed by rainfall and storm run-off. The 
coarse grades also act as filters by ‘stopping’ or ‘catching’ soil particles already in motion. 
Applications rates usually are based on the chosen method and the severity of slope. 

7.2 Erosion control blankets 

Erosion control blankets or compost blankets are surface applications of designated high quality 
composts on areas with erosion risk. Compost blankets can control erosion on disturbed areas 
such as construction sites, highway projects, exposed stream banks (Goldstein 2002a) and any 
disturbed or degraded area with a 1:4 slope or less. Application rates are generally 25-75mm in 
depth with the higher rates used on steeper slopes. Some gradual slopes may require as little as 
25 mm depth. Particle sizes should be a mix of fine grade (10-13mm) and coarse grade (50-
75mm). A mixture ratio of 3:1 (fine: coarse) has been recommended in many studies. Coarse 
grades may be larger if rapid vegetation establishment is not a primary goal.  

Blankets are easiest to apply using a pneumatic blower, especially on slopes where spreaders 
may not be an easy option. Compost and manure spreaders are effective application devices but 
only work well on open gradual slopes. It is preferable to apply the compost layer on the slope 
contour or up and down the slope to prevent water from sheeting between the compost and soil 
surface. It is also recommended to apply compost at least 1m over the shoulder of the slope or 
into existing vegetation where possible to prevent rill formation and transport of the compost. 
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The primary purpose of the compost blanket is to protect the soil surface until vegetation is 
established. Therefore, it is important to ensure that the compost material will encourage plant 
growth and the slope is seeded following compost application. 

7.3 Vegetation establishment blanket 

When vegetation cover is an urgent priority, a vegetation establishment blanket comprising a 
high quality composted soil conditioner may be used to promote rapid plant growth. Soil 
conditioners are not as coarse as mulches, which provide better seedbeds for the establishment 
of the pasture and/or shrub seeds sown into the RO product. Being finer, they will also provide 
more readily available plant nutrients compared to the composted mulches. The nutrient status 
of the materials again will depend on the feedstocks from which they are derived e.g. garden 
organics alone, garden organics plus biosolids, etc. Compared to erosion control blankets, it is 
not known how effective soil conditioners on their own are in combating runoff and soil erosion 
before a vegetation cover has been established. However, in practice, the special specifications 
by some states in the US requiring a mixture of fine and coarse materials (see Table 1) will 
ensure that erosion control and vegetation cover are achieved by the same product.   

7.4 Compost filter berms 

Compost filter berms are contoured run-off and erosion filtration methods usually used for 
steeper slopes with high erosive potential (Goldstein 2002b). The berms allow run-off water to 
penetrate it and continue to flow while filtering sediments and pollutants from the water. It also 
slows the flow allowing water particles to settle out. Berms work well in many of the same areas 
as blankets but are the preferred method if the slope exceeds 25%. 

Berm size and construction may vary depending on the slope severity and amount of expected 
rainfall; larger berms are recommended for steeper slopes. Compost berms are typically 
contoured to the base of the slope but a second berm may be used on the shoulder contour of 
steeper slopes for added protection. Berms may be windrow or trapezoidal (allowing maximum 
water penetration) in shape and should be placed uncompacted on bare soil. Windrow shape 
berms should be between 30-60cm high and 75-120cm wide. Trapezoidal berms should be 
approximately 60cm high, 60-90cm wide at the top and at least 120cm wide at the base. It is 
advisable not to construct compost filter berms in run-off channels, ditches or gullies. A 
schematic diagram of the use of filter berms is shown in Figure 1. 

 

 

Figure 1. Use of compost filter berms (US EPA 1997). 
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Particle sizes should be a mix of fine (6-13mm) and coarse grades of compost with particle size 
not exceeding 75mm in length. The mixture ratio may include a greater fraction of coarser grade 
compost (1:1) compared to compost blankets if vegetation establishment on the berm is not a 
primary goal or if there is a high run-off potential. Application and construction of compost 
berms is easiest using a backhoe, bulldozer or gradient blade. Manual application may be an 
option in tight or small areas. Compost filter berms can be planted and/or seeded at the time of 
application for permanent vegetation establishment.  

8 Conclusions 
Benefits of the use of composted RO products for the rehabilitation of disturbed or degraded 
land are well established from the literature, with positive flow-on environmental effects in 
reducing run-off, soil erosion and improving water quality. These products have commonly 
been used to stabilise housing development sites and roadside areas, and several states in the US 
have developed desirable quality parameters and standards for their use. The verification of the 
overseas scientific data on the benefits of RO products for erosion control and revegetation of 
the landscape by local research on specified locally-sourced RO products should add confidence 
to the promotion by government and catchment authorities for their increased use. Depending 
on the economics, the benefits for their use in catchment areas can be maximised by the 
strategic placement of appropriate RO products to stabilise targeted, high-risk areas.  

Currently, the supply of RO products manufactured from compostable organic materials in 
some areas of the Greater Sydney Region (GSR) is exceeding demand and leading to larger than 
normal inventories at composting sites. Therefore, the creation of a market segment to use these 
products in catchment management would be timely. In the American state of Texas alone, there 
is now an annual demand of around 100,000 cubic metres of composted RO products for 
erosion control, following the development of special specifications for their use. 
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9 Recommendations 
Through consultation with the RO industry and governmental natural resource agencies, it is 
recognised that a moderate but unquantified volume of composted RO products is currently 
being used for erosion control and revegetation of erosion-susceptible sites around NSW.  

Good erosion control has been obtained overseas when RO products derived from garden 
organics were used at depths of 25-75mm, equating to applications of 125-375 t/ha. However, 
Australian studies on the use of crop stubble residues to reduce soil erosion have shown that as 
little as 2t/ha of surface stubble has reduced erosion significantly on farming land (Felton et al. 
1987). As such, the application rate of RO products for catchment management will have to be 
considered carefully if it is to be economically viable. For example, a range of application rates 
should be chosen in field experiments to determine whether erosion control is achievable at 
relatively low rates of application.  

The physical composition of the RO products in Australia may be similar to those of other 
countries but their chemical compositions may vary because of the specific feedstocks used. 
Although the plant nutrient status of RO products are known to be generally low, there is still a 
need to demonstrate that the risk of these and other undesirable chemicals do not reach water 
catchments. The common overseas practice of using chemical fertilisers for revegetation at sites 
treated with RO products may not be appropriate in NSW as catchment managers are sensitive 
to nutrient movement beyond the sites of land-applied amendments. However, a compromise 
may be to use slow-release chemical fertilisers to limit the leaching of nutrients. Furthermore, 
from extensive consultation with government authorities, it is recommended that only RO 
products complying with the full requirements of AS 4454-2003 should be used for catchment 
management to eliminate any real or perceived risks of catchment contamination by heavy 
metals, toxic agrochemicals or plant, animal and human pathogens. 

Scientific performance data should also be obtained for local RO products with special 
specifications for this market segment in order that guidelines may be developed for their 
optimal and economic use in NSW catchments. 



Recycled Organics in Catchment Management 

  19 

10 References 

Abbott, I., Parker, C.A. and Sills, I.D. 1979. Changes in the abundance of large soil animals and 
physical properties of soils following cultivation. Aust. J. Soil Res. 17: 343-353.  

ABS 1996. Australians and the Environment, McLennan, W. (ed.), Cat. #. 4601.0, Australian 
Bureau of Statistics, Canberra  

ABS 1998. Income distribution in Australia. Cat. # 6523.0. Canberra.  

Arden-Clarke, C. and Hodges, R.D. 1987. The environmental effects of conventional and 
organic/biological farming systems. I. Soil erosion with special reference to Britain. Biol. 
Agric. Hort. 4: 309-357. 

Arden-Clarke, C. and Hodges, R.D. 1988. The environmental effects of conventional and 
organic/biological farming systems. II. Soil ecology, soil fertility and nutrient cycles. Biol. 
Agric. Hort. 5: 223-287.   

Agassi, M., Hadas, A., Benyamini, Y., Levi, G.J., Kuatsky, L., Avrahamov, L. and Zhevelev, H. 
1998. Mulching effect of composted MSW on water percolation and compost degradation 
rate. Compost Sci. & Util. 6(3): 34-41. 

Albiach, R., Canet, R., Pomares, F. and Ingelmo, F. 2000. Microbial biomass content and 
enzymatic activities after the application of different amendments to a horticultural soil. 
Bioresource Tech. 75(1): 43-48.  

Austin, P. 1999. Science and technology - one hundred harvests. The Land. # 4002: 49-50.  

Bazzoffi, P. and Pellegrini, S. 2000. Stratification of soil compaction, structure decay and soil 
erosion as influenced by urban refuse compost and low pressure tractor tyres. Advances in 
GeoEcology 32: 209-217. 

Bazzoffi, P., Pellegrini, S., Rocchini, A., Morandi, M. and Grasselli, O. 1998. The effect of 
urban refuse compost and different tractor tyres on the physical properties, soil erosion and 
maize yield. Soil Tillage Res. 48: 275-286. 

Bernard, C. and Lavardiere, M.R. 2000. Using 137Cs as a tool for the assessment and 
management of soil erosion/sedimentation risks in view of the restoration of a rainbow 
smelt (Somerus mordax) fish population in the Boyer river basin. Acta Geologia Hispanica 
35 (3-4): 321-327.    

Bresson, L.M., Kock, C., Le Bissonnais, Y., Barriuso, E. and Lecomte, V. 2001. Soil surface 
structure stabilisation by municpal waste compost application. Soil Sci. Soc. Am. J. 65: 
1804-1811.  

Buchanan, M. and Gliessman, S.R. 1991. How compost fertilisation affects soil nitrogen and 
crop yield. BioCycle 32: 72-77. 



Recycled Organics in Catchment Management 

  20 

Chan, K.Y. 2001. Soil organic carbon and soil structure: implications for the soil health of 
agrosystems. In: Soil health – the foundation of sustainable agriculture. Proc. workshop on 
the importance of soil health in agriculture (Lines-Kelly, R. ed.). Wollongbar Agricultural 
Institute, NSW. Pp. 126-133. 

Clark, E.H. 1985. The off-site cost of soil erosion. J. Soil Water Conserv. 40: 19-22. 

Conacher, A and Conacher, J. 1995. Rural land degradation in Australia. Oxford University 
Press, Melbourne. 

Connors, T. 1999. Natural disasters - one hundred harvests. The Land # 4002: 53-54.  

Demars, K.R. and Long, R.P. 1998. Field evaluation of source-separated compost and CONEG 
model procurement specifications for Connecticut DOT project.  

Dick, R.P. 1992. A review: long-term effects of agricultural systems on soil biochemical 
parameters. In: Biotic Diversity in Agroecosystems (Paoletti, M.E. and Pimentel, D. eds). 
Elsevier Amsterdam. pp: 25-36.    

DLWC 2000. Soil and landscape issues in environmental impact assessment. Technical report # 
34. NSW Department of Land and Water Conservation, Sydney. 

Edwards, C.A. and Lofty, J.R. 1982. Nitrogenous fertilisers and earthworm populations in 
agricultural soils. Soil Biol. Biochem. 14: 515-521. 

Edwards, K. 1987. Runoff and soil loss studies in New South Wales. Technical Handbook # 10. 
Soil Conservation Service NSW, Sydney. 

Edwards, K. 1991. Soil formation and erosion rates. In: Charman, P.E.V. and Murphy, B.W. 
(eds). Soils, Their Properties and Management. Sydney University Press. Melbourne. pp. 
36-47.  

Edwards, J.H., Walker, R.H., Guertal, EA., Norton, L.D. and Eason, J.T. 1994. Options for 
recycling organics on farmland. BioCycle 35: 66-72.   

Epstein, E., Taylor, J.M. and Chaney, R.L. 1976. Effects of biosolids and biosolids compost 
applied to soil on some physical and chemical properties. J. Environ. Qual. 5: 422-426.   

Eriksen, G.N., Coale, F.J. and Bollero, G.A. 1999. Soil nitrogen dynamics and maize production 
in municipal solid waste amended soils. Agron. J. 91: 1009-1016. 

Erskine, W.D., Mahmoudzadeh, A and Myers, C. 2002. Land use effects on sediments yields 
and soil loss rates in small basins of Triassic sandstone near Sydney, NSW, Australia. 
Catena 49: 271-287.  

Erskine, W.D. and Saynor, M.J. 1996a. Success of soil conservation works in reducing soil 
erosion rates and sediments yields in central eastern Australia. Int. Assoc. Hydrol. Sci. 
Publ. 236: 523-530. 

Erskine, W.D. and Saynor, M.J. 1996b. The influence of waterway management on water 
quality with particular reference to suspended solids, phosphorus and nitrogen. Dept. of 
Conservation and Natural Resources, Victoria, Melbourne, Australia. 



Recycled Organics in Catchment Management 

  21 

Fahy, P. and Richard, S. 2000. Biosolids and Greenwaste Composts: development for safe, 
sustainable markets. Report to Sydney Water Corp., Waste Services NSW and Australian 
Native Landscape, Jan. 2000. NSW Agriculture, Organic Waste Recycling Unit, 
Richmond, NSW. 114pp. 

Felton, W.L., Freebairn, D.M., Fettel, N.A. and Thomas, J.B. 1987. Crop residue management. 
In Tillage – New directions in Australian agriculture. Inkata press, Sydney. Pp 171-193. 

Fraser, D.J., Doran, J.W., Sahs, W.W. and Lesoing, G.W. 1988. Soil microbial populations and 
activities under conventional and organic management. J. Environ. Qual. 17: 7-9. 

Gallardo-Lara, F. and Nogales, R. 1987. Effect of the application of town refuse compost on the 
soil - plant system: a review. Biol. Wastes 19: 35-62.  

Garcia, C., Hernández, T. and Costa, F., 1992. Variation in some chemical parameters and 
organic matter in soils regenerated by the addition of municipal solid waste. Environmental 
Management 16 (6): 763–768. 

Gibson, T., Chan, K.Y., Sharma, G. and Shearman, R. 2002. Soil carbon sequestration using 
recycled organics. A review of literature prepared for Resource NSW. NSW Agriculture, 
Organic Waste Recycling Unit, Richmond, NSW.  

Giusquiani, P.L., Pagliai, M., Gigliotti, G., Businelli, D. and Benetti, A., 1995. Urban waste 
compost: effects on physical, chemical and biochemical soil properties. J. Environ. Qual. 
24: 175–182.  

Goldstein, N. 2002a. Compost product performance. BioCycle 43(10): 29-31. 

Goldstein, N. 2002b. Compost and storm water management - tapping the potential. BioCycle 
43(8): 33-38. 

Grey, M. and Henry, C. Phosphorus and nitrogen runoff from a forested watershed fertilised 
with biosolids. J. Environ. Qual. 31: 926-936. 

Hairsine, P., Murphy, B., Packer, I. and Rosewell, C. 1993. Profile of erosion from a major 
storm in the south-east cropping zone. Aust. J. Soil & Water Conserv. 6: 50-55.  

Hamblin, A. and Kyneur, G. 1993. Trends in wheat yield and soil fertility in Australia. 
Australian Government Publishing Service, Canberra, Australia. 

Hannan, J. 1995. Mine rehabilitation. Griffin Press, Adelaide, Australia. 

Hansson, P.A., Svensson, S.E., Hallefalt, F. and Diedrichs, H. 1999. Nutrient and cost 
optimisation of fertilising strategies on Salix including use of organic waste products. 
Biomass and Bioenergy. 17: 377-387.  

Harris-Pierce, R.L., Redente, E.F. and Barbarick, K.A., 1995. Sewage sludge application: 
Effects on runoff water quality in a semi-arid grassland. J. Environ. Qual. 24: 112–115.  

He, Z.L., Alva, A.K., Yan, P., Li, Y., Calvert, C.D., Stofella, V.P.J. and Banks, D.J. 2000. 
Nitrogen mineralisation and transformation from compost and biosolids during field 
incubation in sandy soil. Soil Sci. 165: 161-169.  



Recycled Organics in Catchment Management 

  22 

Hernandez, M., Lane, L.J. and Stone, J.J. 1989. Surface runoff. In: USDA-Water Erosion 
Prediction Project: Hillslope profile model documentation. NSERL report 2 (Lane, L.J. and 
Nearing, M.A eds). USDA-ARS National Soil Erosion Research Laboratory, West 
Lafayette, IN, USA. pp. 5.1–5.18. 

Hollinger, E., Cornish, P.S., Baginska, B., Mann, R. and Kuczera, G. 2001. Farm scale storm 
water losses of sediment and nutrients from a market garden near Sydney. Aust. Agric. 
Water Management. 47: 227-241. 

Hubbard, R.K., Erickson, A.E., Ellis, B.G. and Wolcott, A.R. 1982. Movements of diffuse 
pollutants in small agricultural watersheds of the Great Lakes Basin. J. Environ. Qual. 11: 
117-123. 

Iglesias-Jimenez, E. and Alvarez, C.E. 1993. Apparent availability of nitrogen in composted 
municipal refuse. Biol. Fert. Soil 16: 313-318. 

Jacson, R.B. 1983. Pesticide residues in soils. In Soils: An Australian View Point. CSIRO, 
Melbourne. Academic Press, London. pp: 825-842.  

Jones,L.A., Rutledge, E.M., Scott, H.D., Wolf, D.C. and Teppen, B.J. 1993. Effects of two 
earthworm species on the movement of septic tank effluent through soil columns. J. 
Environ. Qual. 12: 52-57.    

Joshua, W.D., Salt, M. and Osborne, G.J. 1996. Surface and subsurface movements of nutrients 
and contaminants after the application of biosolids to agricultural lands. In Proceedings: 
Biosolids Research in NSW. (Osborne, G.J., Parkins, R.L., Michalk, D.L. and Grieve, 
A.M. eds) NSW Agriculture, Organic Waste Recycling Unit, Richmond, NSW. pp: 34-43.  

Lal, R. 2000. Soil management in developing countries. Soil Sci. 165: 57-72. 

Love, E.J. and Rochfort, C.J. 1999. Markets for products containing recycled organics materials. 
Report prepared for the NSW Waste Boards, March 1999. 

Malcolm, L.R., Sale, P. and Egan, A. 1996. Agriculture in Australia - An Introduction. Oxford 
University Press, Melbourne, Australia. 

Malik, R.S., El Bassam, N. and Haneklaus, S. 1999. A contribution towards sustainable 
agriculture: identification of low input sorghum genotypes. I. Biomass and yield. 
Landbauforsch Völkenrode 49 (4): 177-184.  

Malik, R.S., El Bassam, N. and Haneklaus, S. 2000. Effect of high and low-input nutrient 
systems on soil properties and their residual effect on sweet corn. II. Residual effect. 
Landbauforsch Völkenrode 50 (1-2): 32-37.  

Mamo, M., Molina, J.A.E., Rosen, C.J. and Halbach, T.R. 1999. Nitrogen and carbon 
mineralisation in soil amended with municipal solid waste compost. Can. J. Soil Sci. 79: 
535-542.  

Marshall, V.G. 1977. Effects of manures and fertilisers on soil fauna: A review. C.A.B., Slough, 
U.K.  

Martínez, F., Cuevas, G., Calvo, R and Walter, I. 2003.  Biowaste effects on soil and native 
plants in a semi arid ecosystem. J. Environ. Qual. 32: 472-479.  



Recycled Organics in Catchment Management 

  23 

McConnell, D.B., Shiralipour, A. and Smith, W.H. 1993. Compost application improves soil 
properties. BioCycle 34: 61-63. 

MDBC 2000. Land Degradation. In The Murray-Darling Basin. 
http://www.mdbc.gov.au/education/encyclopedia/land_degradation.htm. Murray-Darling 
Basin Commission, Canberra, Australia. 

Moffet, C. 1997. Quantity and quality of runoff from two biosolids-amended Chihuahuan 
Desert grassland soils. M.S. thesis. Texas Tech. Univ., Lubbock, USA.  

Mou, J. 1996. Recent studies of the role of soil conservation in reducing the erosion and 
sediment yield in the loess plateau of the Yellow River basin. In: Erosion and Sediment 
Yield: Global and Regional Perspectives (Walling D. E. and Webb B W. eds). IAHS Publ. 
# 236: 541-548. 

Navas, A., Bermudez, F. and Machyn, J. 1998. Influence of sewage sludge application on 
physical and chemical properties on Gypsisols. Geoderma 87: 23-135. 

Neil, D.T. and Fogarty, P. 1991. Land use and sediment yield on the Southern Tablelands of 
New South Wales. Aust. J. Soil & Water Conserv. 4(2): 33-39. 

Neil, D.T. and Galloway, R.W. 1989. Estimation of sediment yields from catchment farm dam. 
Aust. J. Soil & Water Conserv. 2(1): 46-51. 

Neil, D.T. and Richardson, P. 1990. A sediment and nutrient budget for a seepage scald on the 
Southern Tablelands of New South Wales. Aust. J. Soil Water & Conserv. 3(2): 44-49. 

Norland, M.R. 2000. Use of mulches and soil stabilisers for land reclamation. In Reclamation of 
drastically disturbed lands. Soil Sci. Soc. Am., Agronomy Monograph No: 41, pp 634-666. 

Northcliff, S. 1998. The use of composted municipal solid waste in land restoration. Proc. XVI 
World Congress of Soil Science. August 20–26, Montpellier, France. Pp?? 

Northcote, K.H. 1983. Soil: A National Resource. In: Man and the Australian Environment - 
Current Issues and Application Viewpoints (Hanley, W. and Cooper, M. eds). McGraw-
Hill, Sydney. pp. 3-23.  

NSW Agriculture 1999. NSW Agriculture Annual Report 1998-99. NSW Agriculture, Orange.  

NSW EPA 1997. Environmental Guidelines, Use and Disposal of Biosolids Products. NSW 
EPA, Sydney, Australia. 

OECD 1999. Environmental data compendium. OECD, Paris, France. 

Olley, J. 1995. Sources of Suspended Sediment and Phosphorus to the Murrumbidgee River. 
Consultancy Report # 95-32, CSIRO Division of Water Resources, Canberra. 

Pankhurst, C.E., Doube, R.M., Gupta, V.V. and Grace, P.R. 1994. Soil Biota: Management in 
Sustainable Farming Systems. CSIRO, Melbourne.  

Peterson, S.O., Debosz, K, and Laturnus, F. 2000. Organic wastes and soil quality. DIAS 
Report, Plant Production. 38: 123-132. 

Pierce, B.L., Redente, E.F., Barbarick, K.A., Brobst, R.B. and Heheman, P., 1998. Plant 
biomass and elemental changes in shrubland forages following biosolids application. J. 



Recycled Organics in Catchment Management 

  24 

Environ. Qual. 27: 789–794.  

Pimental, D. 1993. World soil erosion and conservation. Cambridge University Press, 
Cambridge, U.K. 

Pimental, D., Harvey, C., Resosudarmo, R., Sinclair, K., Kurz, D., McNair, M., Crist, S., 
Shpritz, L., Fitton, L., Saffouri, R. and Blair, R. 1995. Environmental and economic costs 
of soil erosion and conservation benefits. Science 267: 1117-1120.  

Reganold, J.P. 1988. Comparison of soil properties as influenced by organic and conventional 
farming systems. Am. J. Alter. Agric. 3: 144-155.   

Rissie, M. and Faucette, B. 2001. Compost utilisation for erosion control.  Cooperative 
Extension Service. The University of Georgia, College of Agriculture and Environmental 
Sciences. Bulletin 1200 (August). Pp. 1-7. 

Ros, M., Garcia, C. and Hernandez, T. 2001. The use of urban organic wastes in control of 
erosion in a semi arid Mediterranean soil. Soil Use and Management. 17: 292-293.  

Ross, A.D., Lawrie, R.A., Whatmuff, M.S., Keneally, J.P. and Awad, A.S. 1991. Guidelines for 
use of sewage sludge on agricultural land. 3rd ed. NSW Agriculture and Fisheries.  

ROU 2001. Greenhouse gas emissions from composting facilities. Report prepared for Central 
Coast Waste Board. Recycled Organic Unit, UNSW, Sydney.  

Russell, J.S. and Isbell, R.F. 1986. Australian Soils: the Human Impact. University of 
Queensland Press. St Lucia, Qld, Australia.  

Ryan, M., Chilvers, G., and Dumaresq, D. 1994. Colonisation of wheat by VA-mycorrhizal 
fungi was found to be higher on a farm managed in an organic manner than on a 
conventional neighbour. Plant Soil. 60: 33-40. 

Sabey, B.R., R.L. Pendleton, and B.L. Webb. 1990. Effect of municipal sewage sludge 
application on growth of two reclamation shrub species in copper mine spoils. J. Environ. 
Qual. 19: 580–586. 

Schneider, K.R., Wittwer, R.J. and Carpenter, S.B. 1981. Tree responses to sewage biosolids in 
reforestation of acid spoil. In Proceedings of the Symposium on Surface Mining, 
Hydrology, Sedimentology and Reclamation. University of Kentucky. pp: 291-296. 

SCS 1989. Land Degradation Survey: NSW 1987-1988. Methodology Technical Report # 7. 
Prepared by O.P. Graham, Soil Conservation Service of NSW, Sydney. 

Sherwood, S. and Uphoff, N. 2000. Soil Health: research, practice and policy for more 
regenerative agriculture. Appl. Soil Ecol. 15: 85-97. 

Soil Science Society of America 1997. Glossary of soil science terms. Soil Science Society of 
America Inc., WI, USA.  

Standards Australia 2003. Australian Standard AS 4454-2003. Compost, soil conditioners and 
mulches. 

Stevenson, F.J.1986. Carbon balance of soil and role of organic matter in soil fertility. In: 
Cycles of Soil – Carbon, Nitrogen, Phosphorus, Sulphur and Micronutrients. John Wiley & 
Sons. pp. 45-77.  



Recycled Organics in Catchment Management 

  25 

Stirling, M. 2001. Soil biology and its importance in soil health. In: Soil Health – the foundation 
of sustainable agriculture. Proc. Workshop on the importance of soil health in agriculture 
(Lines-Kelly, R. ed.). Wollongbar Agricultural Institute, NSW. pp. 24-29. 

Sullivan, L.A. 1991. The response of dryland wheat crops to petroferric horizon depth. Plant 
Soil 138: 143-45.  

Sydney Water Corporation 1998. Biosolids recycling. Information available at    
http://www.sydneywater.com.au/html/Environment/enviro_index.cfm  

Sydney Water Corporation 2000a. Annual Environment and Public Health Report 2000. Sydney 
Water Corporation. p. 36. 

Sydney Water Corporation 2000b. Biosolids recycling. Info available at website: 
http://www.sydneywater.com.au/html/environment/biosolids_bro.cfm 

UNEP (United Nations Environment Program) 2000. Global Environment Outlook 2000. 
Earthscan Publ. Ltd., London, U.K. 

US EPA 1997. Innovative use of compost: erosion control, turf remediation and landscaping. 
EPA 530-F-97-043. 

Van Bruggen, A.H.C. and Semenov, A.M. 2000. In search of biological indicators for soil 
health and disease suppression. Appl. Soil Ecol. 15: 13-24. 

Walling, D. E. 2001. Recent advances in the use of environmental radionuclides in soil erosion 
investigations. In: Nuclear techniques in integrated plant nutrient, water and soil 
management. Proc. FAO/IAEA Int. Symp., Vienna, October, 2000. IAEA C&S Papers, 
Series 11P. pp. 279-301.  

Wasson, R.J., Mazari, R.K., Starr, B. and Clifton, G. 1998. The recent history of erosion and 
sedimentation on the Southern Tablelands of South-eastern Australia: sediment flux 
dominated by channel incision. Geomorphology. 24 (4): 291-308. 

Wilkinson, K. Tee, E. and Hood, V. 2000. Does AS 4454 adequately benchmark compost 
quality? Proceedings of the Compost 2000 Down Under Conference. 14-15 Nov., 2000, 
Melbourne, Australia. 

White, C.S., Loftin, S.R. and Aguilar, R. 1997. Application of biosolids to degraded semi-arid 
rangeland: nine-year response. J. Environ. Qual. 26: 1663–1671.  

Woods, L. 1984. Land degradation in Australia. Australian Government Publishing Service, 
Canberra, Australia. 

 Wylie, P. 1993. Conservation farming systems for the summer rainfall cereal belt. Aust. J. Soil 
& Water Conserv. 66 

Zier, N., Schiene, R., Koch, H. and Ficher, K. 1999. Agricultural reclamation of disturbed soils 
in a lignite-mining area using municipal and coal wastes: The human situation at the 
beginning of reclamation. Plant Soil 213: 241-250.  



Recycled Organics in Catchment Management 

  26 

11 Acknowledgements 
We wish to thank the following people for helpful discussions and comments: Dr Trevor Gibson 

(NSW Department of Primary Industries), Dr Yin Chan (NSW Department of Primary 

Industries), Mr Warwick Dougherty (NSW Department of Primary Industries), Mr Mark 

Whatmuff (NSW Department of Primary Industries), Mr Simon Eldridge (NSW Department of 

Primary Industries) and Mr Martin Gilmour (NSW Department of Primary Industries). 

Dr Mark Jackson (Department of Environment and Conservation, NSW) is thanked for 
providing guidance in the delivery of this project. 


	Executive Summary
	Introduction
	Background
	Scope of the literature review

	Soil erosion and land degradation
	The Australian landscape
	Soil erosion in NSW catchments

	Forms of erosion
	Water erosion
	Wind erosion

	Impacts of erosion
	Agricultural productivity
	Water quality and ecosystem health

	Erosion control
	Current methods
	Role of vegetation

	Role of recycled organics
	The recycled organics industry
	Use of RO products in agriculture
	Role of RO products in improving soil quality
	RO products for controlling soil erosion and run-off
	Rehabilitation of mine-sites and drastically disturbed land

	Specifications of RO products for erosion control
	Application methods and specifications
	Erosion control blankets
	Vegetation establishment blanket
	Compost filter berms

	Conclusions
	Recommendations
	References
	Acknowledgements

