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Abstract

Different sectors of society claim rights to use valuable coastal ecosystem resources. Conflicts over their
use are therefore inevitable. In eastern Australia, government-encouraged development and drainage of
coastal flood plains, principally for agriculture, resulted in accelerated oxidation of acid sulphate soils
and export of toxic acidic drainage to coastal streams. Major impacts on infrastructure, ecology, fisheries
and aquaculture resulted. In 1987/1988, all gilled organisms were killed in 23 km of the Tweed River
estuary by acid outflows from canelands. This generated major conflicts among fishers, environmental-
ists and sugarcane producers farming the flood plain. Here, we describe the evolution of a collaborative
learning approach to coastal flood plain management involving cane farmers, local government and
researchers, and the institutional response to this fish kill. Existing knowledge in Australia was inade-
quate and efforts centred on providing information and options for better management and regulation of
sulphidic estuarine areas and on mitigating impacts on downstream ecosystems. Farmers, researchers
and local government officers working collaboratively generated information on the properties and man-
agement of sulphidic flood plains under the highly variable rainfall conditions common in Australia.
This provided options for management that were rapidly translated into practice and underpinned
mandatory best management guidelines for the NSW sugar industry. Increases in productivity and
decreases in acid water discharge have resulted. Essential features of the collaborative partnership are
analysed and the institutional response, which led to the adoption of Australia’s national strategy for the
management of acid sulphate soils, is described.



Introduction

Global challenges of coastal zone
management

Coastal ecosystems are both immensely
valuable (Costanza et al., 1997) and valued
by their dependent communities. Despite
this, they continue to degrade on a global
scale because of natural and human-induced
changes (Kremer and Crossland, 2002). Of
human pressures, cropping, grazing and
megacities in coastal catchments have the
largest impacts (WRI, 2000), mainly because
of enhanced discharges of nitrogen, carbon
and sediment from changes in coastal land
and water regimes (GESAMP, 2001). The
principal drivers for exports into coastal
areas are river and groundwater discharge,
population density, agricultural activities
and catchment area (Buddemeier et al., 2002;
Kremer and Crossland, 2002).

Sustainable resource use and maintenance
of coastal system functions are enormous
challenges. Some of the key challenges are
(Kremer and Crossland, 2002):

● improving the availability and accessibil-
ity of resource and environmental infor-
mation,

● fostering participatory approaches to
coastal zone management,

● developing wise use options and agree-
ments (context-specific best management
practices),

● ensuring that planning and management
cope with change, and 

● developing policies that take into account
risks and vulnerability.

The supply of reliable information, partic-
ipatory approaches and the adoption of con-
text-specific best management practices are
of central importance to sustainable coastal
zone management, as we shall attempt to
demonstrate in this chapter.

Information on coastal ecosystems

Some believe that it is not possible to wait
while knowledge gaps in coastal ecosystems
are investigated. Instead, action learning or

adaptive management has been proposed as
the way forward (Jiggins, 2002). Adaptive
management of complex situations assumes
that mistakes due to incorrect information
can be identified, through rigorous monitor-
ing, and corrected (Dovers and Mobbs,
1999). This presupposes linear processes in
which the consequences of wrong actions
can be reversed readily. Estuaries appear to
behave in a non-linear, hysteretic manner
(Harris, 1999), that is, after relatively small
changes they exhibit dramatic collapses that
are not easily reversed.

Information on coastal ecosystem
processes is patchy, even in intensively man-
aged areas. The general paucity of data is
evident in Australia. Relatively little research
has been undertaken on the processes, conse-
quences of environmental change or impacts
of human activities in coastal eastern
Australia, despite the concentration of popu-
lation there (Thom, 2002). We argue here that
the hysteretic nature of coastal acid sulphate
soil systems means that reliable information
is of fundamental importance to improved
environmental outcomes. The effective trans-
fer of information to bring about changes in
land management presents challenges to
conventional models of knowledge transfer
(Esman and Uphoff 1984; Roling, 1988;
Curtis, 1998).

Participatory approaches to coastal zone
management

Participatory approaches to natural resource
management are a key to successful coastal
management (Thom and Harvey, 2000).
Problems arising from the past management
of coastal resources in eastern Australia have
partly resulted from the plethora of conflict-
ing visions and disparate goals among pro-
tection, rehabilitation, economic development
and regional employment growth, as well as
from the inheritance of past legislation and
administrative goals (Thom, 2002) and the
failure to involve communities. The estab-
lishment of a shared vision through involve-
ment of all sectors (Chambers, 1983) is an
essential step in reducing conflict in coastal
areas. Substantial evidence shows that par-
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ticipation through local organizations can
produce broad-based management changes
(Chambers, 1983; Esman and Uphoff 1984;
Roling, 1988; Curtis, 1998; Ashby, 2003).
Here, we describe the evolution of such an
approach.

Coastal stewardship, wise practice options
and conflict resolution

Many different sectors of society claim right
of access to and use of resources in coastal
regions (UNESCO, 2002a). As a consequence,
a number of government agencies and
authorities have frequently conflicting
responsibilities for the coastal zone. As a
result, no specific agency or institution is
responsible for their management, despite
the ever-increasing demand for finite
resources and space (Healthy Rivers
Commission, 2000). Conflicts over their use
are often inevitable. Some even claim that
conflict is a key driver for change.

In any conflict resolution, the first steps
are to describe the nature and cause of the
conflict, to identify and to bring together all
the stakeholders in order to try to reach a
consensus or compromise agreement. To
reach agreement, there needs to be a process
or mechanism where conflicting parties are
able to address and resolve conflicts.
Independent, impartial, outside parties, such
as universities, can assist in developing
agreements (UNESCO, 2002a).

Coastal stewardship has been proposed
as one way of reducing conflicts by promot-
ing ownership. It involves voluntary compli-
ance, strong commitment and willing
participation in the sustainable use of coastal
resources (UNESCO, 2002b). The challenges
in coastal stewardship are to inform, edu-
cate, motivate and empower communities to
become managers and custodians of their
environment. We provide in this work exam-
ples of this model.

Wise coastal practices are actions, tools,
principles or decisions that contribute signif-
icantly to the achievement of sustainable
development (embracing environmental,
social, cultural and economic considerations)
of coastal areas. Several characteristics of

wise practices are particularly relevant to
conflict prevention and resolution. These
include participatory processes, consensus
building, effective and efficient communica-
tion processes, capacity building and the
need to respect traditional frameworks
(UNESCO, 2002a). Wise practice agreements
bring together all stakeholders, including
governments, in a framework of voluntary
compliance (UNESCO, 2002b). There are
increasing concerns, particularly among reg-
ulators, however, that, without strong under-
pinning regulations, voluntary compliance
agreements contain no effective mechanisms
to address persistent breaches. This is an
important factor in the case study discussed
here, in which we illustrate the development
of mandatory, context-specific wise practice
agreements.

Recent developments in multi-agent-
based simulations (MABS), coupled with
role-playing games, provide powerful tools
for studying interactions between societies
and their environment (Bousquet et al., 2002;
Perez et al., 2003). They have the potential to
greatly reduce conflict over natural resource
management and resource allocation; how-
ever, they were developed long after the
work described here commenced.

In this chapter, we discuss issues involved
in addressing some of these challenges. We
describe a case study of a partnership devel-
oped to improve the sustainability of the
acidified, coastal flood plain of the Tweed
River in eastern Australia. The cooperative
learning approach to coastal flood plain
management described here evolved over
the last 15 years. The partnership includes
local government, cane farmers and their
industry and academic institutions, and suc-
cessfully addresses some of the important
challenges outlined above. We first outline
briefly issues concerned with coastal flood
plain development in Australia.

Coastal Flood Plain Development in
Eastern Australia

Coastal flood plains were the first regions in
Australia developed for agriculture follow-
ing European settlement. They have
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favourable temperatures and plentiful,
young fertile soils, associated with large wet-
lands and low areas with high water tables
(King, 1948).

While coastal flood plains were valuable
drought refuges for cattle, waterlogging was
a major constraint to increased cropping and
improved pastures. Governments of all polit-
ical persuasions encouraged land drainage.
Landowner-initiated drainage in New South
Wales (NSW), eastern Australia, dates back
to the 1820s. The attendant increased invest-
ments in flood plain agriculture following
drainage, however, required protection from
frequent floods and storm surges, which
involved the re-engineering of flood plain
hydrology (Thom, 2002). As a result, the time
scale for inundation of many backswamp
areas was reduced from about 100 to around
5 days (White et al., 1997).

Most coastal flood plains are now, on
average, drier and export drainage waters at
a much greater rate through more efficient
drainage canals. Increased rates of drainage
discharge, with accompanying sediment and
chemical loads, often exceed the natural
assimilative capacity of receiving waters.
While naturally occurring, periodic droughts
also dried out coastal flood plains (Lin and
Melville, 1993) and natural drainage chan-
nels were much less efficient at delivering
run-off to receiving waters than were con-
structed canals (Sammut et al., 1996).

Institutional arrangements for flood plain
drainage

Frequent floods in coastal NSW, particularly
in the 1950s, led to joint Australian
Commonwealth–NSW state government
flood mitigation schemes. These schemes
required participation from local govern-
ments and led to the construction of major
levees, floodgates, retention basins and large
primary canals on most of the river systems
in NSW. These are now the responsibility of
local governments.

The Drainage Act of 1904 established
Drainage Unions, composed of local farmers
who manage their secondary tributary
drains feeding into main drains or directly

into rivers. Drainage Unions had the author-
ity to tax local landowners for maintenance
and improvement of secondary drains and to
carry out drainage work without prior state
or local government approval. The major
NSW water reforms of 2000 abolished many
Drainage Unions, although some have been
replaced by Drainage Boards, and their func-
tions transferred to local governments.

Farm-level tertiary field drains, feeding
into secondary drains, were constructed and
maintained by individual landholders.
Thousands of kilometres of drains have been
constructed in coastal NSW. Many primary,
secondary and tertiary drains are protected
by one-way floodgates preventing tidal
ingress of brackish water into low-lying
backswamps. Floodgates impede fish pas-
sage to feeding and breeding areas (Sammut
et al., 1995). Figure 9.1 shows the high den-
sity of secondary and tertiary drains feeding
into the Tweed River in eastern Australia.

Until the introduction in 1997 of the
model provisions for Local Environment
Plans (LEPs), there was little constraint on
the construction of tertiary drains.
Constructed drains and flood mitigation
structures permitted widespread grazing,
dairying, tea tree (Leptospermum sp.) and
sugarcane industries to be established.
Almost all of this government-encouraged
development was carried out without recog-
nition of the presence of acid sulphate soils
or of the potential impacts of their drainage.

Acid sulphate soils in Australia

Many coastal flood plains throughout the
world have Holocene-age soils (< 10,000
years old) containing iron sulphide miner-
als (Dent, 1986), mostly rich in the mineral
pyrite, although in some regions, monosul-
phides are important (Bush et al., 2004).
Acid sulphate soils were recognized in
Europe over 250 years ago (Pons, 1973). In
Australia, their existence was appreciated
relatively recently (Woodward, 1917; Teakle
and Southern, 1937; Walker, 1972; Willett
and Walker, 1982). Prior to the release of
NSW acid sulphate soil risk maps (Naylor et
al., 1995), acid sulphate soils did not offi-

110 I. White et al.



cially exist in Australia. As recently as 2002,
some Australian states still denied their
existence.

Walker (1972), in his comprehensive study,
specifically warned of the dangers of continu-
ing to drain sulphidic coastal flood plains.
His advice was ignored. Preoccupation with
the problems of inland agriculture in eastern
Australia discouraged serious attention to
issues in coastal areas. Detrimental impacts
of acid sulphate soils in Australia include cor-
rosion of engineering infrastructure (White et
al., 1996), massive fish kills and fish diseases
(Brown et al., 1983; Noller and Cusbert, 1985;
Hart et al., 1987; Easton, 1989; Callinan et al.,
1993; Sammut et al., 1995), dramatic changes
in stream ecology (Sammut et al., 1995, 1996),
blooms of harmful cyanobacteria (Dennison
et al., 1997) and emissions of sulphur dioxide
(Macdonald et al., 2004a). Acidic outflows can
also threaten aquaculture (Simpson and
Pedini, 1985).

Exported acidic materials have been
found to be sequestered in the sediments of

shallow receiving waters, from where they
are available for subsequent remobilization
(Macdonald et al., 2004b). Thousands of
tonnes of acidic products have been dis-
charged from eastern Australian flood plains
in single flood events (Sammut et al., 1996;
Wilson et al., 1999).

Figure 9.2 shows an early attempt at iden-
tifying potential coastal areas of acid sul-
phate soils in Australia (White et al., 1996). It
is estimated that there are over 40,000 km2 of
acid sulphate soils, with some in every state
of Australia. The current widespread recog-
nition, policies and strategies on acid sul-
phate soils in Australia stemmed from a
single incident.

Fish kills on the Tweed River

Heavy rains in early 1987 following a pro-
longed dry period strongly acidified the entire
23 km of the Tweed River estuary in north-
eastern NSW, which drains to the sea at Tweed
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Heads (see Fig. 9.3). The dissolved aluminium
completely clarified the normally turbid estu-
ary and all gilled organisms were killed
(Easton, 1989). Possibly more than 1000 t of
dissolved and colloidal aluminium was dis-
charged in the event and the river remained
almost sterile for a further 18 months.

The region surrounding the Tweed River is
one of the fastest growing population centres
in Australia because of its climate and highly
prized natural amenities. It is a centre for
tourism and recreational fishing. The fish kills
on the Tweed attracted major media coverage
and local attention because nearly 70% of the
commercial fish species caught in Australia
spend part of their lives in estuaries.

Over 80% of the 11,000 ha Tweed River
flood plain is used for producing sugarcane.
Many reasons were advanced for the fish
kills and sugarcane farming was implicated
in most of them. At first, pesticides were sus-
pected. It was noticed that mosquito larvae

had not been killed by the event. This
precluded pesticides and led to the identifi-
cation of acidic, aluminium-rich drainage
from acid sulphate soils, which made up
much of the canelands (Easton, 1989).

The 1987 fish kills on the Tweed gener-
ated serious conflicts between, on the one
hand, commercial and recreational fishers,
tourism operators, oyster farmers and envi-
ronmentalists and, on the other, the sugar-
cane industry. Livelihoods on both sides
were at risk. An initial public meeting of 500
locals ended in acrimony with threats to
blow up or vandalize tidal floodgates on
drains and inundate farmlands with brack-
ish estuarine water, and counterthreats to
shoot trespassers who interfered with
drainage structures. One week later, the par-
ties reconvened with cooler heads and
elected representatives from each stake-
holder group. This body became the Tweed
River Advisory Committee (TRAC).
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Evolution of a Cooperative Learning
Partnership

In an attempt to find a formal way forward,
the local government, Tweed Shire Council,
convened a meeting of key representatives
from TRAC in 1989. The meeting included
farmers and fishers, oyster farmers, repre-

sentatives from the sugar industry, local gov-
ernment and NSW state resource agencies,
and researchers from university and federal
research organizations. At the time, only
three scientists in Australia had significant
research experience in acid sulphate soils.

The aim of the Tweed meeting was to
determine the cause of the fish kills and to
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explore possible solutions. Despite the ani-
mosity, the ultimate goals were to develop a
shared vision for management and use of the
flood plain and to initiate procedures to
address the drainage water quality prob-
lems. The then six state government agencies
with responsibilities for estuarine manage-
ment had conflicting agendas and different
opinions of the causes of the event. State
agencies were wary of issues connected with
coastal development which was, and contin-
ues to be, a major and controversial political
question. Tweed Shire Council helped foster
the development of a local acid sulphate soil
committee, composed of the conflicting par-
ties, local government and researchers, in
1990. It was finally agreed that information
on the cause of the fish kills was incomplete
and that research on the processes causing
water quality problems should be carried
out.

Adequacy of understanding 

Further research is often proposed as a way
to postpone difficult choices and decisions in
natural resource management. In 1990, when
research on the Tweed began, there was a
considerable body of knowledge external to
Australia about acid sulphate soils and some
of the general principles of their management
were well established (Dent, 1986). However,
significant knowledge gaps existed, particu-
larly in the Australian context with its
extremely variable climate and hydrology.
One of the principal issues was the compara-
tive contribution of natural and farming-
related processes to acid discharge. Adaptive
management was not considered since the
effects of a single day’s drainage excavations
of acid sulphate soils can have impacts that
last for decades (White et al., 1997).

A number of factors made the Tweed
River flood plain particularly attractive to
researchers. There is essentially a single land
use on the sulphidic flood plain – sugarcane
production – and the sugarcane industry is a
well-structured cooperative, and therefore
results of research are readily transferable. A
single local government, Tweed Shire
Council, managed the catchment, and the

council was determined to find solutions.
Finally, the connection between land use and
estuarine water quality seemed straightfor-
ward.

Knowledge gaps

In 1989, most previous work on acid sul-
phate soils had focused on improving their
agronomic performance (Dent, 1986), mainly
due to experience in the Netherlands and in
areas where off-site environmental impacts
were discounted. Little attention had been
paid to the downstream and off-site impacts
of developing acid sulphate soils for agricul-
ture, although Walker (1972) was an excep-
tion to this. Existing knowledge had focused
on acid generation from the continuing oxi-
dation of pyrite. To stop oxidation, air must
be prevented from entering the sulphidic
horizon, usually by reflooding the soil or by
raising the groundwater level above the sul-
phidic horizon. Reflooding was expected to
reverse the acidification processes by reduc-
ing oxidized sulphate back to sulphides
through the microbially catalysed oxidation
reaction involving organic matter (Dent,
1986):

Reflooding of sulphidic flood plains is still
the most common management strategy rec-
ommended for acid sulphate soils but is
anathema to coastal landowners. Previous
work also suggested that lengthy, detailed
and expensive soil surveys were required to
determine the distribution of acid sulphate
soils in coastal catchments.

Armed with this set of beliefs, research
began on the Tweed in early February 1990.
Monitoring by the Tweed Shire Council had
identified the McLeods Creek (a re-engi-
neered secondary drainage canal) catchment
as one of the acid-exporting ‘hot spots’ on
the Tweed River. It was clear from even pre-
liminary measurements that the flood plain
did not conform to conventional wisdom.
Soil profiles showed that the surface soil had
a pH above 4, making this technically not an

4FeOOH(s) 4SO 9CH O 8H

4FeS(s) 9CO 15H O
9.14

 2
2

2 2

+ + +

→ + +
( )

− +
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acid sulphate soil despite obvious indicators
of sulphide oxidation in the subsoil (Fig. 9.4).

One feature of the farmed flood plain was
the complex, dense and seemingly over-con-
structed farm-level drainage system exca-
vated without engineering drainage design
(see Fig. 9.1). It was clear that an understand-
ing of the hydrology, mostly ignored in pre-
vious studies, and its relation to the soil
stratigraphy, groundwater and drain water
quality were essential to understanding the
processes.

Distribution of acid sulphate soils

Determination of the spatial extent of acid
sulphate soils in the Tweed River flood plain
was fundamentally important to improved
management. A conventional soil survey
would have taken too long and would have
been too expensive. A geomorphic approach
to mapping based on the conditions neces-
sary for sulphide accumulation in estuarine
sediments was developed. Over the last 6500
years, sea levels have remained fairly con-
stant, the eastern Australian land surface has
been tectonically relatively stable over that
time and fluvial sediment accumulation
there has not been large (Lin and Melville,
1993).

Based on this, the top of the sulphidic
horizon in Australian Holocene coastal sedi-
ments should be close to where it was last
formed, at about mean high-tide level (about
1 m Australian Height Datum, in eastern
Australia). Because this horizon has been
buried by a variable thickness of alluvium, it
was predicted that Holocene coastal sul-
phidic sediments in eastern Australia would
be found at sites with surface elevations of
less than about 5 m AHD (Melville et al.,
1990, 1993; White and Melville, 1993). This
prediction provided the basis for producing
acid sulphate soil risk maps for the entire
state of NSW (see Fig. 9.3, Naylor et al.,
1995). These maps have been both remark-
ably accurate and useful planning tools and
form the basis for Local Environment Plans,
Development Control Plans and Develop-
ment Assessments that control developments
in acid sulphate soil areas in NSW.

Cane farmers’ response

Initial discussions between researchers and
cane farmers in the McLeods Creek catch-
ment and sugar mill officers during the pre-
liminary site visit were less than
encouraging. The cane industry rejected the
suggestion that acidification of streams was
attributable to their soils, some suggesting
instead that it was road gravel that caused
the problem. Rejection is a readily identified
first stage in many areas of natural resource
management (see Fig. 9.5). Frequently, many
do not progress beyond this stage.

The industry wanted to lower water
tables further by up to 1 m to improve cane
production since waterlogging was per-
ceived to be a main impediment to cane pro-
duction. Cane farmers were divided on
whether researchers should be invited into
the catchment. The strong opposition was
understandable since the prevailing wisdom
was that, to control acid discharges, low-
lying areas should be reflooded with brack-
ish estuarine water, thereby eliminating cane
production and farmers’ livelihoods and
property values. In addition, farmers felt
they were being blamed unfairly for acidic
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drain discharges from areas approved for
agriculture and drained with continued
encouragement from governments.

Despite their misgivings, farmers in
McLeods Creek gave permission for
researchers to work on their lands. The sup-
port of Tweed Shire Council for continued
research and monitoring was a crucial element
in persuading farmers to tolerate research
directed at understanding the processes
involved in the generation and export of acid-
ity, its environmental impacts and the identifi-
cation of amelioration options

Cooperative learning

In the early days of the research on the
Tweed, there was some mutual mistrust
between researchers and farmers. The cul-
ture and reward systems for both groups dif-
fered fundamentally. It took nearly 3 years
for mutual understanding and trust to
develop. This gradual evolution was assisted
by the continued interest and support of
local government staff and state-level initia-
tives in acid sulphate soils. 

Researchers initially had a narrow focus on
soil (Melville et al., 1993), hydrological (White
et al., 1993) and environmental issues
(Callinan et al., 1993). Work had also
expanded into the more biophysically and
socially complex and larger Richmond River
flood plain south of the Tweed, where there
were also major acid discharges (see Fig. 9.6,

Sammut et al., 1996). Researchers came round
to a growing appreciation that acid sulphate
soil management was but one of a broad
range of issues that had to be faced and dealt
with by farmers, fishers and local govern-
ments. They recognized that farmers, fishers
and regulators have to deal with and inte-
grate a bewildering range of soil, climate,
crop, nutrient, disease, pest, social, regulatory,
financial, political and institutional issues in
their daily tasks. It became increasingly
apparent to researchers that they needed to
understand these broader issues in order to
transfer their research findings effectively.

Frequent informal discussions were held
in the field, where both research results and
information on the current issues faced by
farmers, fishers and local government were
exchanged. These were interspersed with
more formal meetings with the NSW Sugar
Industry and Tweed Shire Council represen-
tatives and various committees such as the
Tweed River Management Plan Advisory
Committee. It became increasingly clear to
researchers that their task was to provide a
range of practical management options for
farmers, fishers and regulators, not single
prescriptive solutions.

The training of graduate students and
postdoctoral fellows in field acid sulphate
soil and related research was a key compo-
nent in the partnership. This has been an
invaluable opportunity for cooperative
learning. Graduate students and postdoc-
toral fellows are highly motivated and can
focus on key issues exclusively. They are also
less threatening than senior researchers. The
opportunity for them to do research in part-
nership with experienced farmers is an
unparalleled, two-way learning opportunity.
Additionally, there remains a real dearth of
trained people with field experience in
coastal soils, hydrology and environmental
impacts in Australia.

Farmers began to appreciate that
researchers were not there to apportion
blame. Indeed, researchers’ message that
acid sulphate soils were part of the global
sulphur cycle, a naturally occurring phe-
nomenon that has existed for hundreds of
millions of years, brought about a shift in
attitude. Farmers started to talk about their
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acid sulphate soils and to carry pH meters.
Once that happened, farmers became initia-
tors of the research.

Research Findings

Some of the research findings in the Tweed
were counter to the prevailing wisdom and
resulted in significant land management
changes. During dry periods, it was found
that sugarcane survives on shallow ground-
water (White et al., 1993). The industry’s quest
to further lower water tables by increasing
drain depths would result in decreased crop
production. In addition, the shrink–swell
nature of the gel sublayer dictates that lower-
ing the water table also lowers the elevation
of the soil surface (White et al., 2001).

Because of the exceedingly small
hydraulic conductivity of the oxidized clay
gels making up the potential acid sulphate

horizon (White, 2002; White et al., 2003), crop
evapotranspiration was the main determi-
nant of water table level, not drain water
level. Drains were essentially disconnected
from the water table in the interior of cane
blocks so that the prime function of drains
was to remove surface water following
floods and heavy rains, not to control water
table elevation (White et al., 1997). By using
laser levelling to improve the shedding of
surface water, waterlogging could be
reduced and drain depth and density
decreased (White et al., 1997).

The research also shed light on a major
source of acidity exported from acid sul-
phate soils. Vast quantities of existing acid
products, equivalent to about 50 t/ha of 
sulphuric acid, from previous oxidation of
acid sulphate soils and subsequent reactions
with the soil, were found stored within the
subsoil above the sulphidic layer (Smith,
2000; Donner and Melville, 2002). Sugarcane
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evolved in such environments and appears
acid-tolerant, although responses to lime
additions have been noted. The highest lev-
els of stored acidity in the flood plain follow
former natural drainage lines (Smith, 2000).
This is consistent with the observation that
most exported acidity is sourced from a few
metres around drains (White et al., 1997) and
is readily released during the recession
phase of floods, independent of any further
oxidation of sulphides (Wilson et al., 1999).
Some of the exported, metal-rich acidic
species were found to be stored as iron
monosulphide in the drain-bottom sedi-
ments (Sammut et al., 1996), others were
sequestered in shallow sediments in receiv-
ing water bodies (Macdonald et al., 2004b).
The average annual flux of acidic products
from drained flood plains (as sulphuric acid)
was estimated to be from 0.3 to 0.5
t/ha/year (Sammut et al., 1996; Wilson et al.,
1999) although some oxidation products are
exported in the atmosphere as sulphur diox-
ide (SO2) (Macdonald et al., 2004a).

The store of acidic products in the soil has
accumulated from more than just the influ-
ence of constructed drainage. Some are the
result of prolonged dry periods (Lin and
Melville, 1993) linked to the Pacific Decadal
Oscillation, and some appear to be due to a
small isostatic uplift of the east coast of
Australia (Kinsela and Melville, 2004).

These findings changed the focus of man-
agement from the prevention of sulphide
oxidation to the retention of as much of the
stored acidity as possible within the soil-
drain system by manipulating the volumes
of surface run-off and flood recession flow.
In addition, decreasing drainage density pro-
foundly decreases acid export.

The collaborative research led to the
development by farmers of new goals for
drainage management. These were to leave
as much of the stored soil acidity in the flood
plain as possible and to prevent the develop-
ment of any additional acidity.

Changed Land Management

Because research was being carried out in a
cooperative learning process long before

research was published, the farmers in the
catchment were able to adapt land manage-
ment strategies where appropriate.
Researchers were amazed by the rapid
implementation by farmers of even prelimi-
nary research findings, particularly since
implementation often meant the expenditure
of significant farmer funds. Farmers later
explained that they weighed information
very carefully before acting.

An early application of the research was
that farmers abandoned plans for increased
drainage. Instead, they focused on control
and rapid removal of surface water.
Progressive laser levelling of cane fields was
undertaken. This removed waterlogged
areas and enabled the elimination of some
field drains. In some cases, drain density
decreased by a factor of two and drain depth
also decreased. The decrease in drain density
made more land available for cane planting
and eliminated the need for new drains.
Lime was added to drainage lines and to
cane fields at a rate that exceeded the mean
annual acid export rate.

The rapid removal of surface water
resulted in better-quality water during the
rising limb of the hydrograph that could be
discharged safely into streams. Farmers were
then able to store as much of the acidic dis-
charge as possible during the recession
phase within drains. A range of options to
treat acidic drainwater before discharge was
also tested by farmers. Techniques included
lime dosing of drain discharge, discharge of
drainwater through closed-tank lime-bed
reactors and discharge into constructed wet-
lands to precipitate iron monosulphides. As
well, farmers modified tidal floodgates to
permit their opening in dry periods. This
allowed both tidal exchange with drainwater
and increased fish passage.

Farmers recognized that the availability
of organic matter was a key to driving the
oxidation reaction backward (equation 9.1).
They tested green cane harvesting with the
retention of surface cane trash to increase
organic matter availability. This has been
coupled with the use of ‘raised beds’ for cane
production, which, with trash retention, has
greatly increased soil fauna.

Changes in land management came at a
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considerable cost to landowners and were
only possible because of the relatively high
per-hectare returns of sugar production.
Advisers in the industry had initially
opposed the general use of lime, claiming it
had no agronomic value. Farmer-initiated
trials, however, have found about a 10%
increase in yield with lime use in some soils.
As well, removal of drains has increased the
area for cane planting. The net result of these
changes has been up to a 30% increase in
production. The episodic nature of acid dis-
charges makes it difficult to estimate pre-
cisely changes in acidic exports. Recent
results suggest that these strategies have
decreased the flux during alternate-year
floods by 90%.

Development of guidelines for best practice

Most of the above changes in land manage-
ment in the Tweed flood plain had the sup-
port of the Tweed Shire Council. There was
limited interest in other cane-growing catch-
ments in northern NSW and it was recog-
nized that some form of regulation was
necessary to prevent further acidification of
coastal flood plains. The statutory instru-
ment chosen was Local Environment Plans
(Williams, 2002) administered by local gov-
ernments.

It was recognized that the introduction of
LEPs would result in development controls
on even the most trivial of farming activities.
The solution proposed by the NSW Cane
Industry was self-regulation and the indus-
try commenced developing the NSW Sugar
Industry Best Practice Guidelines for Acid
Sulphate Soils. Planning NSW, the state con-
sent authority, authorized the NSW Sugar
Milling Cooperative in conjunction with
local governments to be the consent authori-
ties and provided for strict audits and
reviews of performance by local government
and relevant state authorities. The research
work on the Tweed and Richmond provided
the basis for the guidelines, which were
developed by Tweed Shire Council, the NSW
Sugar Industry, cane farmers, NSW
Agriculture and researchers. An acid sul-
phate soil survey by the industry of all farms

underpinned the guidelines and helped raise
awareness of acid sulphate soils among cane
farmers outside the Tweed.

The intended purpose of Best Practice
Guidelines is to provide guidelines based on
the best available information for cane farm-
ers with acid sulphate soils in order that
they:

● minimize the export of acidity from their
farms,

● minimize any downstream environmental
impacts caused by acid export,

● maximize production from their land, and
● adhere to the intent of Local Environment

Plans on acid sulphate soils.

Unlike wise practice agreements (UNESCO,
2002a,b), the NSW Sugar Industry Best
Practice Guidelines for Acid Sulphate Soils
are not voluntary. The Sugar Milling
Cooperative is a cane farmers’-owned coop-
erative that can refuse to process cane from
farmers who ignore the guidelines. In
essence, the guidelines are mandatory.

Institutional and Policy Developments

Parallel to the developments on the Tweed,
progress was occurring simultaneously at
the state level. Concern over fish kills on the
Tweed and in other coastal rivers spread
rapidly throughout NSW and into neigh-
bouring Queensland. The commercial fishing
industry seized on environmental problems
generated by acid sulphate soil drainage,
especially fish kills, as an indicator of general
malaise in coastal and estuarine manage-
ment in eastern Australia. As late as 2002, the
Healthy Rivers Commission (2000, 2002)
concluded that, because so many govern-
ment agencies had responsibilities for coastal
lake and estuary management, ultimately no
one had an abiding responsibility. The fish-
ing industry made effective use of the media,
which both raised public awareness of the
problems of acid sulphate soils and spread
the conflict to other regions.

In 1993, the NSW Department of
Agriculture, the lead agency in the state,
sponsored the first Australian National
Conference on acid sulphate soils in
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Coolangatta on the NSW/Queensland bor-
der. This conference served as a venue to pre-
sent what was known of the properties and
distribution of acid sulphate soils in Australia
and to learn of overseas experience. It did
nothing, however, to abate the conflicts over
the use and management of acid sulphate
soils. Many in the farming industry, local
government and indeed in other states were
in the denial phase (see Fig. 9.5). Queensland,
the neighbouring state to the north of NSW,
continued officially to deny the existence of
acid sulphate soils until 1995.

Acid Sulphate Soil Management Advisory
Committee

Faced with escalating conflicts between two
industries within his portfolio, the then NSW
Minister for Agriculture and Fisheries,
Mr Ian Causely, in 1994 formed the whole-of-
government Acid Sulphate Soil Management
Advisory Committee (ASSMAC) to provide
him with advice on the use and management
of acid sulphate soils. ASSMAC initially con-
sisted of representatives of the then five gov-
ernment agencies with significant
responsibilities in coastal and estuarine mat-
ters, together with representatives from the
NSW Farmers’ Association, the seafood
industry and the research community.
Membership later broadened to include all
the significant coastal industries, including
the oyster, sugarcane, dairying, tea tree and
urban development industries. The predomi-
nant focus of ASSMAC, however, remained
on agricultural solutions and strategies, since
the predominant developments on acid sul-
phate soil were agricultural. At farmers’
insistence, ASSMAC was chaired by NSW
Agriculture, which also provided technical
support. ASSMAC was supported by a tech-
nical committee to provide it with specialist
advice on acid sulphate soils.

Tensions between the farming and fishing
industry representatives were apparent, with
one in denial mode and the other insisting
on the immediate reflooding of coastal low-
lands. Additional differences between state
management and regulatory agencies sur-

faced. Some advocated the introduction of
Environmental Impact Statements for farm-
ing activities. Others suggested a specific
acid sulphate soil State Environment
Protection Plan (SEPP), a NSW instrument
loathed by landowners, and some suggested
use of the prosecuting powers of the Clean
Waters Act for discharge of acidic drainage.
More moderate opinions recognized that the
Government was ultimately responsible for
the developments on acid sulphate soils
within the state.

Faced with these tensions, ASSMAC
developed a strategic approach to its task
and identified the prevention of further dis-
turbance of acid sulphate soils and the reme-
diation of problem areas as its main
functions. ASSMAC’s approach was based
on raising awareness of acid sulphate soils,
on promoting education and training on
their properties and use, on sponsoring
appropriate research and on exploring the
adequacy of existing policy and legislation.
One essential task in this strategic approach
was the military-like production and promo-
tion of acid sulphate risk maps for the entire
state coastal zone in 1995 (see Fig. 9.3,
Naylor et al., 1995). These showed that the
state had 4000 km2 of high-risk acid sulphate
soils.

Other early tasks included the publication
of acid sulphate soil management guidelines
in 1995 (Blunden and Naylor, 1995) and the
formation of acid sulphate soil local action
groups, ASSLAGs, modelled on the commit-
tee set up by the Tweed Shire Council in
1990. ASSLAGs had varying successes
depending on the support and enthusiasm of
local governments and the involvement of
researchers and facilitators on the commit-
tees. Additional educational and publicity
materials and a national newsletter (ASSAY)
were also produced, and the second national
conference on acid sulphate soils was spon-
sored by ASSMAC and held in 1996.

The review of legislation revealed that
there were already adequate laws in NSW to
prevent increasing acidic discharge.
However, it was reasoned that, without a
specific instrument, continued disturbance
was possible. Since local government
approves most flood plain developments, it
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was concluded that state government–man-
dated LEPs, that forced local governments to
develop an LEP covering the disturbance of
acid sulphate soils and approved by the rele-
vant state agency, were the preferred statu-
tory instrument. A model LEP, based on the
published acid sulphate soil risk maps for
each estuary, was developed in consultation
with coastal councils, government agencies
and stakeholders (Williams, 2002).

ASSMAC received a boost to its meagre
resources through the Acid Soil Action
Programme in 1997, which provided AUS$
2.1 million funding over 3 years. This funded
the Acid Sulphate Soils Programme
(ASSPRO) initiative to support research and
trials of remediation strategies for problem-
atic acid sulphate areas in the state. The
Tweed region benefited significantly from
the ASSPRO initiative. ASSPRO also com-
missioned a survey identifying acid sulphate
soil ‘hot spots’ in estuaries, those areas likely
to be contributing disproportionately to acid
fluxes. This formed the basis of a 1999 Hot
Spot Programme designed to remediate
problem areas. Only a small fraction of the
state government’s promised AUS$ 13.4 mil-
lion was allocated to the production of
remediation plans. Major structural
rearrangements in natural resource manage-
ment in NSW, at the encouragement of the
federal government, through the establish-
ment of Catchment Management Authorities
and the Natural Resources Commission, led
to the abolition of the Acid Soil Action
Programme, the demise of ASSMAC in 2004
and reallocation of Hot Spot funds. The
impetus for change and acid sulphate soil
management have been set back by this shift
in the government natural resource manage-
ment service delivery model. Most other
Australian state jurisdictions that are making
progress are managing acid sulphate soils as
a specific issue and seeking support from
regional service delivery organizations.

National strategy for managing coastal acid
sulphate soils

As part of its strategic approach, ASSMAC
encouraged the establishment of a similar

body in Queensland, QASSMAC, which by
1995 recognized that it also had acid sul-
phate soils. Major urban developments have
continued to occur in coastal southern
Queensland over the past decade, and the
focus of QASSMAC, unlike the agricultural
thrust of ASSMAC, has been largely on
urban development on acid sulphate soils. 

ASSMAC also worked towards the devel-
opment of an Australia-wide strategy on
acid sulphate soils. Eventually, the
Commonwealth’s Standing Committee on
Agricultural and Resource Management
formed a national working party in 1998 to
develop a national strategy for managing
coastal acid sulphate soils. Both ASSMAC
and QASSMAC were represented on this
working party. The national strategy was
accepted and released by the Agricultural
and Resource Management Council of
Australia and New Zealand, the Australian
and New Zealand Environment and
Conservation Council, and the Ministerial
Council for Fisheries, Forestry and
Aquaculture in 2000.

The aims of this national strategy are as
follows:

1. Improve the management and use of
coastal acid sulphate soils in Australia to
protect and improve water quality in coastal
flood plains and embayments.
2. Assist governments, industry and the
community in identifying and playing their
roles in managing coastal acid sulphate soils.

To achieve these overriding aims, the
strategy has the following four principal
objectives:

1. Identify and define coastal acid sulphate
soils in Australia.
2. Avoid disturbance of coastal acid sulphate
soils.
3. Mitigate impacts when acid sulphate soil
disturbance is unavoidable.
4. Rehabilitate disturbed acid sulphate soil
and acid drainage.

To date, the national strategy has enabled the
rapid transfer of techniques and information
and has catalysed policy development and
the mapping of acid sulphate soils in other
states and territories in Australia.
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Concluding Comments

Acidic discharge from acid sulphate soils has
had significant environmental impacts
throughout the world. We have examined
here a particular case study where fish kills
in eastern Australia due to acid sulphate
drainage eventually culminated in publica-
tion of the world’s first national strategy on
acid sulphate soil management. These fish
kills led to the evolution of a participatory
approach to agricultural land management
in a coastal flood plain that involved farm-
ers, local government and researchers as
equal partners. As mutual trust grew, the
process evolved into a cooperative learning
opportunity. This participatory process gen-
erated new information on acid sulphate
soils, which was almost immediately trans-
lated into a range of management options
that both significantly improved cane pro-
duction and decreased acid discharge, and
formed the basis for the establishment of
enforceable and mandatory best manage-
ment guidelines for the NSW sugarcane
industry.

Some of the outcomes here are dependent
on the particular institutions and governance
arrangements for natural resources in
Australia. However, we believe that some
lessons are applicable elsewhere. We have
attempted to show that local government
played a vital role in identifying the issues,
in initiating the participation process and in
providing support for the developing collab-
oration. Farmers belonged to an industry
that was a well-structured and profitable
cooperative that fosters innovation. This
ensured the rapid translation of collaborative
research results into practice. Researchers
and students had a broad range of skills in
soil science, hydrology, geomorphology, geo-
chemistry, agriculture and environmental
management. There were sources of funding
to support the work and sufficient time for
the partnership to develop. Regulation and
policy frameworks existed that were directed
at positive environmental outcomes. Lastly,
the 1987 fish kills were a highly visible and
widely publicized environmental impact that
galvanized attention at all levels. Many of
the fundamental principles of participatory

resource management (Ashby, 2003) are evi-
dent in this case study, such as the impor-
tance of including stakeholders in joint
enquiry, co-development of new resource
management regimes and the need to com-
bine local and scientific knowledge and
expertise.

Other lessons emerging from the
statewide response are that a whole-of-gov-
ernment and industry approach, embodied
in ASSMAC, was more effective in address-
ing problems caused by acid sulphate soils
than approaches by individual agencies.
There, a strategic approach based on consen-
sus and cooperation, rather than heavy-
handed application of existing regulations,
brought about quantifiable behavioural
change. Focusing a whole-of-government
effort on a single issue, such as acid sulphate
soils, at a strategic state level and fostering
action at the local level appears to have been
a far more effective approach than natural
resource management reforms based on
broadscale integrated catchment manage-
ment. Finally, the parallel development of a
national strategy on acid sulphate soils has
been very effective in coordinating a national
focus on the problem. It has enabled the
rapid and effective transfer of knowledge to
states and territories in Australia where the
problems of acid sulphate soils are only just
being recognized.

Much has been written about integrated
natural resource management and participa-
tory processes. In the case study examined
here, farmers and local government provided
both the integration and the participation.
Farmers integrate a broad range of soil, cli-
mate, crop, disease, economic, social, regula-
tory and institutional issues in running their
farms. Local, democratically elected govern-
ments, responsive to their electorates, are
aware of the social, environmental and eco-
nomic aspects of improved coastal manage-
ment. The researchers’ understanding of these
issues greatly expanded in the process. Mutual
understanding of the different cultures under
which the partners operated took at least three
years to develop. Once that occurred, the
dynamics of the process changed and farmers
started to initiate and drive the research. An
important aspect of this case study was that
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farmers had sufficient resources to initiate
changes in land management.
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