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Figure 2 Aerial photograph of the study area with infrastructure
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Figure 3 Peel-Harvey catchments in relation to the study area

1.2 Background

The Palusplain presents land use challenges as it is constrained by a very gently undulating
landscape, high winter watertables, sandy and duplex soils, variable quality groundwater
resources, and a high risk of nutrient export. Prior to European settlement, the Palusplain
was a slowly moving, interconnected, seasonal wetland system with areas of higher ground,
and a rich food source for the local Noongar peoples. Extensive clearing and drainage
occurred in the late 1800s through to the mid-1900s to facilitate agriculture.

The Palusplain became, and remains, an important food growing area for Perth with beef,
dairy and some horticulture. Poultry for meat has become a significant industry with potential
to expand. Pork and mushroom production and composting are complementary industries on
industrial land in the Nambeelup area, east of Mandurah. The total gross value of land-based
agricultural production, including poultry, in the Serpentine—Jarrahdale Shire is more than
$84 million and nearly $41 million from the Murray Shire (Australian Bureau of Statistics
2008).

The Palusplain is also a peri-urban region, greatly valued by the horse industry for its rural
living values and for its urban potential, particularly in the Serpentine—Jarrahdale Shire. High
land prices, both real and anticipated, represent a challenge for commercial agriculture. The
land is seen by many as waiting for more intensive development. Nevertheless, the region
has potential to increase its value as a food production area through developing hydroponic
agricultural production systems, increasing niche food production marketed through
cooperatives and farmers markets, increasing annual horticulture using recycled water, and
developing agri-industry processing centres.

Challenges for conventional agriculture on the Palusplain are the winter-saturated and highly
permeable soils. These soils have very low nutrient-holding capacity which has resulted in
high levels of fertiliser use with a significant portion of fertiliser applications leaching into the
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river, wetland and estuarine systems through the constructed drainage network, leading to
eutrophication and algal blooms. There has been a steady build-up of nutrients, particularly
phosphorus, in the silts in the system which are capable of being held and released over a
long period of time.

Attempts to reduce nutrient export by tree planting and encouragement of more responsible
nutrient applications have, to date, led to only small or zero reductions, and in some cases
may have increased the soluble component of nutrients such as phosphorus. Research on
the use of ‘red mud’ or Alkaloam®, a by-product from aluminium smelting, has shown high
potential for nutrient retention when applied as a soil amendment because of its ability to
bind phosphorus, but it is currently not commercially available.

The proximity of the study area to the City of Mandurah and metropolitan Perth has led to
demand for subdivision for rural residential and small land holdings. This pressure has raised
the question of the most sustainable use for the Palusplain in the long-term. Proximity to
population centres and infrastructure, such as roads, railways and power, are significant
opportunities to explore alternative agri-food business which can add value to primary
production, provide complementary services such as energy and recycling, and provide
additional employment opportunities. These opportunities are being explored by DAFWA in a
complementary project.

1.3 Limitations of the study

This report has been developed through desktop research and consultation with
representatives from state and local government, and the community. The community tour
and workshop held on 13" May 2010 created a vision for the region and its findings are
summarised in Section 7.

Social analysis is an important part of land use planning. There was minimal existing
information available so the study included community consultation and an existing social
analysis of the horse industry to inform its findings. A detailed social analysis of agricultural
land uses was beyond the scope of this project.

Future land use decisions would be informed by a dedicated social analysis given the rapidly
changing social picture, lack of profitability of some agricultural land uses, the advent of
farmers markets and direct selling, and strong demand for lifestyle land uses.
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2. Environmental context

2.1 The original system

Bradby (cited in Environmental Protection Authority 2008) describes the Swan Coastal Plain
in 1829 as being a wetland. Each winter, it and the upstream jarrah forest would be hit by
heavy and concentrated rains. Streams and brooks would flow onto the plain, dissipating
their energy into a broad, interconnected chain of swamps many kilometres wide. Only the
rivers of the largest system, the Murray and the Dandalup, stayed in clear stream beds for all
their length, except in larger floods. The other main rivers, the Serpentine and the Harvey,
were well-defined in their upper and lower sections, but their middle reaches were a maze of
swamps. Here, the rivers would spread out in winter and join forces with the flow from all the
smaller brooks and streams. Some of this water would eventually seep through to the rivers’
lower reaches, and flow through the estuary to the sea. The plain would be flooded from the
scarp through to the long ridge of tuart-covered Spearwood dunes towards the coast, with
only occasional sand hills remaining exposed.

2.2 Drainage and clearing

The land was heavily vegetated with paperbark woodland and jarrah—marri forests to the
east of the catchment. With increased colonisation in the late 1800s came increased clearing
for agriculture resulting in groundwater rise which exacerbated the extent of seasonal
inundation. Eventually, after landholders lodged numerous complaints relating to lost crops
and property damage, the government addressed the problem of inundation by implementing
a network of drains. In 1900, the first Drainage Bill was passed by state parliament. Over the
next 70 years, trees on the banks of the waterways were removed, lower river reaches were
de-snagged, the rivers were straightened and deepened, and systems of interconnecting
drains were dug across pastoral lands. Swamps were drained and the flow rate of the river
courses increased (Department of Water 2010b). There are now 1330 km of waterways
(artificial and natural) in the Peel-Harvey coastal plain, including 1014 km of waterways
which make up the Mundijong, Waroona and Harvey Gazetted Drainage Districts
(Environmental Protection Authority 2008).

The extensive drainage networks, which intercept surface and groundwater, have been
effective in draining the system to enable agriculture and other land uses. The drains have
also transported nutrients directly and quickly into the Serpentine and Murray Rivers which
are now in a very poor state with algal blooms and fish deaths occurring each year and
directly stressing the Peel-Harvey Estuarine System.

2.3 Climate and excess water

The region experiences a Mediterranean climate, characterised by warm dry summers and
cool wet winters with daily temperatures from 17 °C to 30 °C in summer and from 6 °C to

17 °C in winter (Rivers 2004). The average annual rainfall at Pinjarra from 1877 to 1975 was
970 mm, which is 14 per cent greater than the average rainfall between 1975 and 2008
(830 mm), indicating the commonly referred to ‘step down’ in rainfall over the past 30 years
(Figure 4) (Department of Water 2010b). This reduced rainfall is likely to result in a reduction
in the duration and frequency of soil waterlogging.

Winter rainfall exceeds evaporation and, when combined with ground saturation and soil
types of the area, large volumes of run-off can occur. Consequently, there are many lakes
and some areas of seasonal waterlogging on the Palusplain. The drainage network greatly
reduces the amount of inundation, but despite this, stream flow rises and peaks over several
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days following rain events as water pools and is stored on the flat landscape (Department of
Water 2010b).

Figure 4 Annual rainfall in Pinjarra displaying the ‘step-down’ in average rainfall post-1975 (Department of
Water 2010b)

2.4 Groundwater availability

Water flow, in groundwater and run-off, from the hills in winter recharges groundwater
aquifers and creates wetlands as it flows underground and out to sea.

Water planning endeavours to balance the retention of wetlands and economic needs for
water. Across the Murray groundwater area, the Department of Water (2010a) estimates

57 GL of groundwater can be allocated from all aquifers and sub-areas annually, with about
5 GL exempt from licensing for stock and/or domestic purposes (Figure 5). The volume of
licensed entitlements in March 2010 was 15 GL so there is about 42 GL potentially available
for new users.

While there is a significant volume of water potentially available, it is challenging to identify
good supplies of high quality water. Difficulties include:

¢ highly variable water quality, ranging from fresh to saline

¢ high nutrient levels may be encountered in areas that are, or have been, heavily fertilised

¢ variable yields from pumping meaning that a number of bores may be required to reduce
drawdown impacts

e environmental considerations including acid sulphate soils.

Potential water licensees will be required to determine potential environmental impacts and
provide a management strategy for managing those impacts.
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Figure 5 Planning boundaries for the Murray Groundwater Allocation Plan and the Murray Drainage and
Water Management Plan (Department of Water 2010a)
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2.5 Soils and their relationship to nutrient export

The soils of the Peel-Harvey coastal plain catchment are generally, with some exceptions,
formed in alluvial deposits overlain by deep weathered sands that form low parallel dunes
running north to south. More than 60 per cent of the catchment has coarse sandy surfaces of
varying depths on top of impermeable layers of ironstone or clay. The Palusplain wetland
covers several soil-landscape systems and the main ones are the Pinjarra System and the
Bassendean System (Figure 6 andFigure 7, Appendix B).

The Pinjarra System (213Pj) is a poorly-drained coastal plain on alluvium over sedimentary
rocks. Soils include semi-wet soils, grey deep sandy duplexes, brown loamy earths, pale
sands and clays. Native vegetation is mainly jarrah-marri-wandoo-paperbark forest and
woodland. The Bassendean System (212Bs) is sand dunes and sand plains with flats and
swamps on sandy alluvium over sedimentary rocks. Soils include pale deep sand, semi-wet
soil and wet soil. These soils have low fertility and are susceptible to leaching. In the Peel
region these soils may become waterlogged because of high groundwater levels and may
become flooded in some areas. Native vegetation is mainly banksia-paperbark woodlands
and mixed heaths.

Details of the soil types and soil profiles are included in Appendix B.

Figure 6 Cross-section of the Swan Coastal Plain showing the relationship of the Palusplain wetland with
the landform regions and the geology (adapted from Wells 1989)
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Figure 7 Soil-landscape systems of the Serpentine-Jarrahdale and Murray Shires

Inundation is common during winter because of the flat landscape and a short but relatively
wet and intense winter rainfall season. Sandy soils have combined leaching, subsurface
drainage and surface flow when the overlying sands become saturated. The sandy soils
become saturated because of the relatively impermeable ironstone and clay beneath
(Summers et al. 1999). Nutrient run-off from clay soils is predominantly over the surface.

A large number of risk factors influence the pathway of phosphorus (P) loss from the soils
including proximity to drains or streams, waterlogging, amount of phosphorus applied, slope
of the land, soil characteristics, management practices and distance from the estuary.

The Phosphorus Retention Index (PRI), which is a single point phosphorus sorption index
routinely measured since 1980, measures the ability of soil to bind and retain (sorb)
phosphorus (Bolland & Windsor 2007). Figure 8 shows the PRI of the study area, with the
areas of lowest phosphorous absorption capacity in red. The Phosphorus Buffering Index
(PBI) is now the national, single point phosphorus sorption index which ranks the capacity of
the soil to sorb phosphorus (Bolland & Windsor 2007), most studies reviewed use the PRI
method for reporting. PRI can be converted to PBI.

Soils with a low PRI (less than 5), or weakly P-adsorbing, can leach phosphorus by
movement with water through and across the soil, and soils with a high PRI (more than 20),
or strongly P-adsorbing, lose phosphorus from across the surface (Figure 9 and Figure 10)
(Allen & Jeffery 1990). The lower the PRI, the easier it is for phosphorus to move through the
sandy soils and therefore soils with a PRI less than 5 represent an extreme risk for
phosphorus loss (R Summers (DAFWA), 2010 pers. comm.; Environmental Protection
Authority 2008).

10
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Figure 8 Phosphorus Retention Index (PRI) of the Peel-Harvey catchment

Figure 9 Pathways of phosphorus export on sandy soils or weakly P-adsorbing soils with low PRI (< 5) or
PBI (< 15)

11
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Figure 10 Pathways of phosphorus export on clayey soils or strongly P-adsorbing soils with high PRI
(> 20) or PBI (> 70)

DAFWA has developed mapping that describes the landscape’s inherent phosphorus export
hazard. Phosphorus export hazard refers to the likelihood that phosphorus (usually applied
as fertiliser, but may also be from other sources such as septic tanks), will move from a given
land unit to where it can contribute to eutrophication of surface water. This mapping takes
into account the PRI of a soil as well as the water erosion hazard, flood hazard and landform.
In assessing nutrient export risk of proposed land uses on the Palusplain, it is appropriate to
use the phosphorus export hazard mapping as it includes the risk from all nutrient movement
pathways. Figure 11 and Table 1 illustrate the landscape’s phosphorus export hazard with
areas closest to the coast generally having a higher hazard rating than more inland areas.

Figure 11 Phosphorus export hazard map

12
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Table 1 Area of phosphorus export hazard classes shown in Figure 11

Phosphorus export hazard Area (ha)
0-3% High to extreme hazard 25600
3-10% High to extreme hazard 8 300
10-30% High to extreme hazard 13 200
30-50% High to extreme hazard 7 900
50-70% High to extreme hazard 7 300
70-100% High to extreme hazard 44 500

2.6 Nutrients

The Palusplain has been described as the ‘kidneys’ of the Peel-Harvey system because the
waters from surrounding areas that travel through the Palusplain were once cleansed by the
swamps and slow moving streams that dominated the system (R. Summers [DAFWA] 2010,
pers. comm.). The maijority of the soils are sands or sands over clays which have little or no
capacity to retain phosphorus, nitrogen or water, but originally this system naturally retained
the limited nutrients.

During the 1980s and early 1990s water quality in the rivers and estuary declined and large
accumulations of macro-algae and blooms of toxic blue-green micro-algae Nodularia
soumigena appeared in the Peel Inlet and Harvey Estuary. These accumulations were
caused by the progressive nutrient enrichment (eutrophication) of these waters over several
decades of catchment land use practices (Environmental Protection Authority 2008).

The nutrients with the biggest influence on eutrophication are nitrogen (N) and phosphorus
(P). Nitrates (NO3) are water-soluble and once applied, may leach into the groundwater or
end up in surface run-off. Nitrates are not easily managed except by reducing inputs or
changing from soils-based agriculture to closed-loop agricultural systems. Unlike nitrates,
phosphates (PO4>) can adhere to soil particles and often accumulate in soil and erode with
the soil into aquatic environments.

While the problem of eutrophication and algal blooms has been recognised, landcare works
including stream side revegetation, and fertiliser strategies have failed to meet expectations
of reducing nutrient export. The Dawesville Channel, constructed in 1994 south of Mandurah,
was designed to improve water flow between the estuary and the sea to improve water
quality and reduce the severe algal blooms. Research has shown that the channel has
improved the water quality in the main body of the Peel Inlet and Harvey Estuary
(Environmental Protection Authority 2008). However, the water quality and environmental
problems have remained in the rivers and wetlands. The Dawesville Channel was one part of
the catchment management strategy; the other part of the strategy was to ‘cap’ the
phosphorus input into the waterways. This part was done through many different projects
and the findings from these projects support earlier work that the main cause of the algal
blooms is nutrient discharge from the catchments that feed into the estuary (Environmental
Protection Authority 2008). The ‘Water quality improvement plan for the rivers and estuary of
the Peel-Harvey System — phosphorus management’ aims to guide improving water quality
by reducing phosphorus discharges from the catchment through changes to agricultural and
urban practices and land use planning (Environmental Protection Authority 2008).

Revegetation adjacent to streams may not reduce nutrient export because soluble nutrients
bypass the physical filtering functions of the riparian zone surface vegetation (Figure 12)
(Weaver 2010). The largest sources of phosphorus from the Serpentine River catchment and
the Murray River catchment are agriculture, contributing a total of 45 per cent and 40 per
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cent respectively, and residential, contributing 21 per cent and 7 per cent respectively (Figure
13).

Figure 12 Movement of soluble nutrients into streams

Figure 13 Current sources of phosphorus by landuse type to the Peel-Harvey Estuarine System for a) the
Serpentine River catchment, and b) the Murray River catchment (Zammit et al. 2006)

Soils-based agriculture creates large nutrient (phosphorus and nitrogen) surpluses under
their current fertiliser management regimes (Table 2). Annual horticulture contributes the
highest by an order of magnitude, and urban/peri-urban from septic systems and poor
fertiliser practices and piggeries have higher nutrient surpluses than general agriculture. The
values were obtained from farm-gate budgets of nutrient inputs and outputs from a farm
enterprise (Ovens et al. 2008; Weaver et al. 2008).

14
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Table 2 Median values of P input, output and surpluses and P use efficiencies in the Peel-Harvey

catchment (Ovens et al 2008 and Weaver et al 2008)

P outputs
. Total P
P inputs kg/ha n surplus P surplus kg/ha* P el MO S
products kg/ha*
kg/ha
kg/ha
Land uses, - non- Soil P P lost to Stream Export
all study fertiliser i P expressed
fertiliser storage streams .

catchments storage at inlet
Cattle for
dairy 14.9 4.2 7.3 11.8 5.3 6.5 5.7 0.8
Cattle for beef 11.4 0.1 1.9 9.6 4.0 5.6 4.9 0.7
Mixed grazing 9.7 1.2 1.7 9.2 4.5 3 2.6 0.4
Annual
horticulture 205 17 188
Perennial
horticulture 13 1 12 7 5 4.9 0.1
Urban/peri-
urban 12 5.5 0 17.5 9.5 8 3.6 4.4
Horses 14.6 1.2 13.4 7.6 5.8 5.4 0.4
Piggery 112 29.6 82.4 25 57.4 54 3.4
Poultry meat 621 615 6
Poultry eggs 87 63 24
Hobby farms 6 0 4

*

Modelled values

Kelsey et al (2010) found that:

¢ the highest levels of phosphorus inputs per hectare occur in piggeries, annual horticulture,

dairies and urban residential land uses (Table 3).

e Urban residential users have the highest phosphorus inputs for lots of 601-730 m? and the
lowest for lots less than 400 m?, the primary difference being because of smaller garden

size.

e Urban residential properties of 401-730 m? have higher nutrient input rates than the rural
land uses that are generally displaced, such as beef grazing, mixed grazing, horse and
lifestyle blocks.

e If the fertilising practices of householders are not modified, it is expected that urban
development will further degrade adjacent rivers and estuaries.

15
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Table 3 Nitrogen and phosphorus input rates for rural’ and urban' land uses (Kelsey et al 2010)

Land use Nitrogen Phosphorus
(kg/halyr) (kg/halyr)

Piggery 629.3 144.7
Turf farm 432.8 14.5
Dairies 1451 25.5
Annual horticulture (vegetables) 142.6 126.9
Urban residential (601-730 m2) 100.6 26.4
Urban residential (401-600 m2) 91.2 22.8
Beef grazing 86.4 22.8
Mixed grazing 79.5 12.7
Urban residential (> 730 m2) 74.2 9.9
Horses 70.1 18
Lifestyle block 49.2 13.2
Cropping 46.7 3.4
Sheep 34.7 8.4
Perennial horticulture (orchids) 27.2 25
Viticulture 235 12.3
Urban residential (< 400 m?) 23.4 6.9
Tree plantation 12.6 8.2

T Rural values determined from DAFWA farm-gate nutrient budgets (Ovens et al. 2008; Weaver et al. 2008)

™™ Urban input rates are those for different lot sizes (age of dwelling not considered)
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3. Agricultural land uses and impacts

3.1 Overview

The Serpentine—Jarrahdale and Murray Shires make a significant economic contribution to
WA, with the gross value of agricultural production (GVAP) being $84 million and $41 million
respectively (Table 4) (Australian Bureau of Statistics 2008). Part of this production comes
from areas within the shires outside of the study area. The GVAP for the Wanneroo Shire,
north of Perth, which has been a major vegetable production area, is provided for
comparison. It is expected that production in the Wanneroo Shire will fall in the future
because of the conversion of horticultural land to urban uses and this fall could be partly
taken up by expansion of the Harvey Irrigation Area with recycled water.

Table 4 Gross value of agricultural production for the Serpentine-Jarrahdale, Murray and Wanneroo
Shires (Australian Bureau of Statistics 2008)

Pastures & Livestock Nurseries, Vegetables
Shire broadacre $) flowers, turf 9 $) Fruit ($) Total ($)
crops ($) (%)
Serpentine— 1 321 600 57 382 700 15329 700 2903 200 7 358 000 84 295 200
Jarrahdale
Murray 2 264 000 30 072 100 1675 500 144 400 7 024 400 41 180 300
Wanneroo 19 100 22 520 800 53 063 700 53 986 600 36 128 700 165 718 800

The Australian Bureau of Statistics data may not include information from small growers. A
study by the Oakford—Oldbury Community Association assessed the practicality and
sustainability of planning and promoting parts of rural Oakford and Oldbury for small lot,
commercial agricultural development (the Oakford and Oldbury study area is in the north-
west of the Shire of Serpentine—Jarrahdale). This study found turnover of existing agricultural
enterprises was conservatively estimated at $30 million, with many four-hectare lots being
used for commercial agriculture, such as vegetables, vines and orchards (Ironbank
Environmental and Sustainable Development 2006). The study also showed that the majority
of its participants wanted a mixture of rural living and agricultural production to remain in the
study area.

In the past, the main agricultural commaodities in the Serpentine—-Jarrahdale and Murray
Shires have been beef, dairy and some horticulture. Changes in environment, economics
and regulations have resulted in a reduction in dairying and a predominance of beef
production. There is a sheep and a beef feedlot still operating south of Mundijong, poultry for
meat production has become an important industry, and there is a significant pig enterprise
and value-adding through production of dairy products. There is a composting facility leading
the way in recycling agricultural wastes and the region is favoured for stud and amateur
equestrian activities. The Peel Farmers Market is providing a short supply chain, an outlet
and potentially higher returns for smaller producers. Because of population pressures,
agricultural land has been subdivided for urban, rural residential, rural small holdings and
industrial uses. Rural living and lifestyle land users tend to use beef cattle to manage the
land and not as their main source of income.

While agriculture is a strong economic contributor to the region, nutrient export from
agricultural industries impacts on the wetlands, rivers and estuary systems. Variable
groundwater quality and quantity combined with poor, winter wet, soils and the hazard of
nutrient export have restricted intensification of horticulture and dairying. Apart from soil
amendments, maintaining drainage and perennial pastures will improve production and
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reduce nutrient export hazard in some situations. Although rural land is viewed by some as a
land bank with associated land speculation waiting for capital growth through urban or
industrial development, the following sections focus on current and potential agricultural
industries and their potential for further development on the Palusplain.

3.2 Beef

Beef grazing is the main agricultural land use and there are about 400 beef grazing
properties in the study area, which contains the maijority of the beef grazing land in the
200 000 ha Peel-Harvey coastal catchment (Figure 14).

Economics

The beef enterprises tend to be smaller scale and privately owned, with many having mixed
incomes and reliance on beef for only 20—60 per cent of their income. They are currently only
marginally economic and for many, may be a cheap way to manage land; the land being a
lifestyle choice and a speculative investment for possible future development. If current
conditions persist, many in the local beef industry are unlikely to increase in scale or
efficiency.

Benchmarking of the individual business and improved grazing management has the
potential to improve productivity on most farms. However, increased stocking rates could
lead to increased nitrogen export. Skills development to run larger herds more efficiently,
with less risk and reduced labour per unit of stock, is required.

The median beef farming lot size in the study area is 25 ha and the median property
(holding) size is ten times greater with most properties consisting of multiple lots that could
be sold individually.

Environment

Fertiliser run-off and eutrophication of waterways are issues the beef industry needs to
address (Department of Agriculture and Food 2009). While beef grazing is a major
contributor of nutrients, its surplus per hectare (9.6 kg/ha) is about half that of urban

(17.5 kg/ha) and at the estuary, the phosphorus export is 0.7 kg/ha for beef and 4.4 kg/ha for
urban (Table 2). Beef grazing systems could greatly improve nutrient retention by using soil
amendments, which would complement other measures used, such as perennial pastures
and improved fertiliser management (Figure 15).

Social

Consultation during the project found that the population of commercial beef producers is
aging, that there are few drivers for their replacement, and that significant areas of land are
held in ownership where agricultural production is not the strongest driver.

Conclusion

Beef grazing on the Palusplain has a competitive advantage being close to markets but local
saleyards have closed, reducing this advantage. The relatively high cost of land, small lot
sizes and sub-commercial approaches by the majority of landowners suggests that beef
farming will not be an economic driver. The advantage of beef grazing over other land uses
is that is has a relatively low nutrient export per hectare at the inlet, which could be further
ameliorated by soil amendments and improvements in management practices.

Retaining lots greater than 100 ha with a predominance of soils with fair to good land
capability will help maintain flexibility for grazing systems in the long-term.
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