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Abstract
The ecology of estuaries on the south coast of Western Australia has been disrupted because of
increased nutrient and sediment discharge from predominantly rural catchments. Given the strong
link between landuse and nutrient export, it is important to evaluate nutrient balances and flows so
that opportunities for intervention can be better targeted. Specific data on the levels of nutrient
export, and the nutrient inputs that give rise, are often limited. The case studies reported here
developed nutrient balances for a broad range of land uses in the Peel Harvey catchment, in part to
provide nutrient data for associated BMP modelling work. The studies indicate that inputs exceed
outputs in most instances, suggesting nutrient accumulation (‘positive balance’). A range of
nutrient balance and input:output signatures have emerged for different land uses, describing the
general nutrient efficiency of each. Ratios vary significantly within land uses, possibly due to
management practices, and environmental situation. The P input:output ratio provides some
indicator of production P loss, but estimated levels of P loss to the environment are strongly
correlated with farm P inputs. The selection and prioritisation of management practices needs to
consider how each management action addresses the issue of “nutrient balance”.
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INTRODUCTION
The last half-century of agricultural development in the south-west of Western Australia (WA) has
been accompanied by increases in nutrient export to rivers, wetlands and estuaries (Hodgkin and
Hamilton, 1993).Research has concentrated on identifying the sources and processes of nutrient
delivery (Weaver and Reed, 1998), and assessing the effectiveness of a select few management
actions such as vegetated stream buffers (McKergow et al., 2002) to reduce or delay nutrient export.
However, until recently little work has been carried out to estimate or measure the effect of
improved management actions at the catchment-scale (Weaver et al., 2003).
Recent modelling by Weaver et al. (2003) for four catchments on the south coast of Western
Australia has begun to address that area. This modelling adapted the approach of Young et al.
(1995) to evaluate the costs and benefits of different sets of Best Management Practices (BMPs)
applied in various locations at different levels, as well as assessing the costs and benefits of
individual BMPs. A significant input into models of this type is landuse data (National Land and
Water Resources Audit, 2001) to which nutrient generation rates are ascribed to estimate P and N
loss at source (Young et al., 1996, 1997; Vanderholm, 1984).
In response to concerns that the export rates used in landuse nutrient generation rate models (Young
et a., 1995; Weaver et al., 2003) may be unreasonably high, nutrient balance case studies of
intensive agricultural activities were undertaken (Neville and Weaver, 2003) on the south coast of
WA. The case studies assessed farm nutrient balances as a means to identify potential farm losses,
and concluded that the model rates used were not unreasonably high. Nutrient balance assessments

appear to offer opportunities for improving modelling efforts given that landuse specific monitoring
data is very difficult and costly to obtain.
Agricultural enterprises use a range of nutrient inputs (feed, fertilisers, animal purchases, fixation
and deposition) in a series of processes (pasture growth, animal grazing), aimed at producing
products for sale (animals, feed, grain, milk). These products represent nutrient outputs from an
agricultural system. The difference between inputs and outputs may represent inefficiencies in a
production system and is sometimes called ‘nutrient surplus. Nutrient surplus can also represent an
important indicator of the potential for loss from an agricultural system to the environment (Sacco et
al., 2003). This difference can also be called the ‘production loss’ to clarify the source of the
nutrient which is the production system. Production loss is the result of both landuse, land
management and to some degree landscape characteristics and must be considered with a number of
other factors (climate, soil type and topography) to understand actual losses to the environment
(Heathwaite, et al., 2003; Nord and Lanyon, 2003).
A range of studies have been completed in this area, dealing with what are variously called nutrient
budgets or balances (Watson et al., 2002; Oenema et al., 2003;, Sacco et al., 2003, element or farmgate balances (Öborn et al., 2003), or IO accounting systems (Goodlass et al., 2003). These balances
have been carried out at a range of scales, from the farm (Moody, et al., 1996; Berry et al., 2003) to
regional and even national scale (Cassell et al., 1998; Lord et al., 2002; Sacco et al., 2003; Keller
and Schulin, 2003).
Within farm systems three types of balance can be identified (Öborn et al., 2003) from “farm gate
balances” which are simple assessments of inputs and outputs using available data for nutrient
contents of inputs and outputs (Reuter and Judson, 2003) to “Soil surface balances” which require
more-detailed data on fluxes across the soil surface. “System balances” are more detailed, and deal
with “partitioning of the changes in net loading between system components” (Öborn et al., 2003).
The different levels of balance have specific benefits, but become progressively more difficult to
undertake due to the uncertainties associated with the more detailed data requirements.
Even at the scale of the farm gate balance, the quantification of nutrient inputs and outputs allows
the development of a number of indicators of farm nutrient performance including nutrient
input:output ratios, total farm production loss, and production loss normalised for area. These can be
used to indicate the general nutrient efficiency of particular land uses, as well as assessing nutrient
conversion efficiency. The latter can indicate that efficiency could improve through better
management, through voluntary management tools for farmers to components of formal
management systems (Öborn et al., 2003).
This study focussed on assessing P which unlike Nitrogen has no significant atmospheric exchange
component, and for which a significant amount of work on storage and delivery mechanisms has
been done (Weaver and Reed, 1998, Cassell et al., 2001, McKergow et al., 2002).
This paper reports on farm gate nutrient balance case studies conducted in the Peel-Harvey
catchment located on the west coast of south western WA. These farm gate nutrient balances
provide an opportunity to examine nutrient management scenarios, and support modelling efforts by
acting as a substitute for generic published values of landuse specific nutrient generation rates
(Young et al., 1996, 1997; Vanderholm, 1984) that may not apply to certain regions for a range of
reasons. In addition to modelling uses, it is important to evaluate nutrient inputs and losses for
various enterprises, and how these may be improved.

METHODS
Land use
Land use mapping for the study area was derived from ground truthing, aerial photography,
consultation with local farming groups and unsupervised reclassification of urban fringe areas. The
number of landholders in the major land use categories was determined by gathering information
from databases and mailing lists of each industry that were supplied by state government agencies
and industry groups. Sample populations were determined from these estimates to provide a
statistically rigorous sampling framework using stratified random sampling (US EPA, 1997).
Surveys
The information required for the farm gate balances was collected in a series of surveys conducted
by a trained interviewer using a structured interview with the farm manager. Actual survey numbers
varied from the framework due to difficulties in property access and variations between estimated
and actual population numbers. In addition, some land uses were added and other classifications
modified.
Farm Balance Framework
Farm balances were conducted using a modification of the framework outlined by Reuter (1999)
from SCARM (1998) using the survey information and nutrient content values from a number of
sources, in particular the National Land and Water Audit (Reuter and Judson, 2003). Fertiliser
information was sourced from fertiliser manufacturers for nearly 100 different fertilisers from three
major and a number of minor manufacturers. Principal inputs were feed, fertilisers and animal
transfers; outputs were animal and product sales off-farm. Unaccounted P (inputs minus outputs) we
termed “production loss” reflecting the fact that it is lost from the production system and may be
lost to the environment. We calculated the total loss for each operation, the loss per cleared hectare
(ha) on the farm and for the whole farm, and the Input:Output (IO) ratio. The loss per ha is an
indication of the potential environmental impact of the farm (subject to site, soil and locational
considerations). The latter (input:output ratio) can be see as an indicator of farm nutrient efficiency.
Differences between landuses were explored using analysis of variance.
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Figure 1. Farm gate balance framework (adapted from Reuter, 1999)

RESULTS & DISCUSSION
Input:output ratios and production P losses
The median input:output ratio varies within and between landuses, with some statistically
significant differences (Table 1). The most efficient users of nutrients brought in through the farm
gate are the more intensive land uses such as feedlots and poultry farms, which reflects the feedbased, sometimes short term and heavily managed nature of these activities. The median IO ratio for
grazing systems ranges between 3.8 for cattle for dairy and 6.0 for cattle for beef. This may reflect
differences of P input method with P in feed going directly to animals whereas P ingested from
pasture has been derived from landscape applied nutrients (fertiliser) that can be lost to soil or the
environment. The lower P ratios for piggeries, feedlots and poultry, all feed-based systems are in
line with this. Annual and perennial horticulture, horses and viticulture are statistically similar with
high IO ratios.
Area weighted production losses vary according to land use (Table 1), reflecting the relative nutrient
use and efficiency for different enterprises. Results for land uses with large sample sizes showed
low variation and median figures of 9.5 kgP ha-1 yr-1 for cattle for beef, and 17.8 kgP ha-1 yr-1 for
cattle for dairy. This corresponds with our understanding of nutrient use within these operations.
Mixed grazing (properties with a mix of cattle and sheep or other animals) was significantly lower
at 6.3 kgP ha-1 yr-1. Sheep feedlots showed much higher losses, with a median production loss of
34.1 kgP ha-1 yr-1.
Table 1. P Input:output ratios and production P losses. (Within columns, values with different
letters are significantly different and increase alphabetically, P < 0.05).
Landuse
Annual Horticulture
Beef feedlot
Cattle for Beef
Cattle for Dairy
Horses
Mixed Grazing
Perennial Horticulture
Piggery
Poultry Eggs
Poultry Meat
Sheep Feedlot
Viticulture

Count
2
3
31
18
7
16
7
5
2
9
2
6

IO Ratio
Median
15.0
2.3
6.0
3.8
7.4
4.7
n/a
3.2
3.3
0.9
1.0
17.4

Range
10.5
1.0
75.0
11.2
36.0
12.6
11.1
11.5
4.8
0.2
0.03
90.5

Group
e
abc
d
cd
e
cd
e
bcd
ab
a
a
e

Production P loss (kg ha-1)
Range
Group
Median
34.2
ab
26.5
1167.2
c
300.2
32.8
a
9.5
88.6
a
17.8
392.2
ab
12.9
19.4
a
6.3
165.9
a
0.3
726.8
b
73.8
74.4
ab
34.3
464.9
a
-35.5
8.4
ab
34.1
47.1
ab
25.5

Other land uses showed very large ranges and variations reflecting wide variability in potential P
losses, such as for horses or beef feedlots (Table 1). In a number of cases, the farm-gate balance
resulted in negative P production loss values and may indicate incomplete data for the nutrient
balance, or drawdown on existing nutrient reserves whilst maintaining low input levels. A number
of the poultry meat operations had negative P Production values and this may be due to several
factors including imprecision in audit figures such as manure quantity and nutrient content at some
poultry farms. Some operations import and export very large numbers of animals, especially poultry
farms and in these cases, small errors in P content of birds may be sufficient to produce significant
imbalances in the audit.
Nonetheless, the nutrient balance data demonstrate that some intensive land uses have high
production losses and therefore potential for high environmental losses. These include beef feedlots

and piggeries, and to a lesser extent sheep feedlots, poultry for eggs, and annual horticulture and
viticulture. All of these are quite intensive enterprises, and this result is not unexpected. The
production loss for horses is more surprising, especially as this is an increasing landuse that tends to
be seen more as a peri-urban landuse than agricultural. The losses for beef and dairy cattle and
mixed grazing appear consistent with intensity of feed and fertiliser regimes. While lower than the
more intense landuses, the extensiveness of these uses in the catchment means that they are likely to
contribute the most significant quantities at the catchment scale.
Use of farm gate balances as performance and environmental indicators
Oenema et al. (2003) note that farm gate budgets can function as measures of environmental
pressure, and are the most suitable form of material budget for use as performance indicators. They
integrate farm information, are user friendly and are more accurate than complex soil-surface
budgets. Assessing the environmental impact of farm nutrients through traditional techniques of
water quality sampling and load estimation requires training, expensive instrumentation and long
time frames for data collection. The results to date suggest farm gate balances are useful
performance indicators.
There was some variation in the median IO ratio of 6.0 and a production P loss of 9.5 kgP ha-1 for
Cattle for Beef (Figure 2). Similar patterns are found in the other dominant land uses. To further our
understanding of this variation within a land use we compared the IO ratio with the production P
loss per ha, to see how these variables might influence potential environmental nutrient losses.

Figure 2. Production P loss compared to P IO ratio – cattle for beef.
Intuitively, we found a weak positive relationship between area weighted production loss and
nutrient use efficiency (Figure 2) for cattle for beef (R2 0.38, P ≤ 0.05) suggesting that IO ratios
should not be used in isolation to imply environmental performance. Similar but weaker
relationships were found in cattle for dairy (R2 0.34, P ≤ 0.05), and for mixed grazing (R2 0.13, P ≤
0.2), suggesting that other factors have an influence, but not ruling out the need to reduce P IO
ratios.
Estimated environmental losses (Weaver et al., [submitted]) were compared to farm nutrient inputs
(Figure 3). A strong positive relationship (R2 0.74, P ≤ 0.05) indicated that the level of P inputs

strongly influenced environmental losses. In other words, the higher intensity the cattle for beef
system, the greater the likely level of P loss to the environment. Similar results were found with
cattle for dairy (R2 0.88 P ≤ 0.05), mixed grazing (R2 0.64 P ≤ 0.05) and horses (R2 0.99 P ≤ 0.05).
While the link between inputs and estimated losses may appear obvious, and has analogies in human
health (diet and weight), it has great significance when choosing BMPs for nutrient management. It
appears that the P IO ratio from a farm gate nutrient balance can indicate P conversion efficiency
and point the way to potential problems, and there may be savings for farmers involved if P IO
ratios and production losses are reduced. Phosphorus IO ratios may be improved through the use of
more productive farming systems (eg perennial pastures) without necessarily reducing the level of P
inputs, but it is not known whether the relationship between inputs and loss (Figure 3) will change
(reduce slope) under these systems. We suggest that to attain long term nutrient reduction the best
BMPs will improve P IO ratio and reduce production losses by reducing farm P inputs and
increasing outputs. This will clearly focus attention on reducing nutrient loss risks at their source,
rather than relying on management actions further down the treatment train through the use of
riparian buffers and wetland systems. This focus should also encourage more efficient use of limited
nutrient resources.

Figure 3. Estimated P loss compared to farm P inputs – cattle for beef.

CONCLUSIONS
Farm gate balances can be used to assess aspects of farm P efficiency, and as such are being used
increasingly internationally. The simple form used in this study is relatively easy to conduct,
although problems have emerged with small sample sizes and some land uses which may limit the
applicability of the technique. For land uses such as cattle for beef and dairy, where large sample
sizes can be obtained, accurate results can be derived.
This study suggests that farm-gate balances may also provide useful data for nutrient modelling
work, which would be costly and difficult to provide through other conventional means such as
water quality monitoring.
Finally, the results suggest that farm gate nutrient balances are useful tools in estimating individual
farm performance, and as environmental indicators at an enterprise and catchment scale. Whilst it

appears that farm P inputs drive P loss, the most effective BMPs will deliver P use efficiency
improvements along with reduced P inputs to the farm gate, increased P outputs (products) from the
farm without increasing inputs, and reduced production losses.
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