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ABSTRACT

Excessive growth of the benthic alga Cladophora aff. albida

.in the Peel-Harvey estuarine system has coincided with greatly
increased inputs of phosphorus from rivers over the last

20-25 years. At present, about 90% of phosphorus input is
derived from rural coastal plain catchments, where use of
superphosphate increased by four-fold over the period 1945-

1975.

The present export of phosphorus from these catchments was
found to be positively correlated with rates of superphosphate
application, dairy farming, and presence of alluvial clay
soils, and negatively correlated with beef farming. Reduction
of phosphorus input to the estuary from the coastal plain
therefore could be achieved by reducing or modifying the
present use of superphosphate, and reducing run-off from

dairy farms into waterways.



INTRODUCTION

Since about 1968 there has been excessive growth of benthic
algae in the Peel-Harvey estuarine system in Western
Australia (Cross 1974). These algae, which are dominated

by a species of Cladophoral, clog the nets of commercial

fishermen and accumulate on once clean beaches causing foul
conditions, which necessitate costly removal measures.
Therefore a study was commenced in 1976 by the Western
Australian Department of Conservation and Environment to
determine the causes of the excessive algal growth and
suggest remedies for its control. This paper deals with
part of the study, that of the sources of phosphorus income

to the estuary.

Investigation of the sources of phosphorus is necessary

because studies of Cladophora nutrition have domonstrated

that phosphorus is an important limiting nutrient for its
growth and that reduction of phosphorus income to the

estuary would be an effective means of reducing its biomass.
This finding is based on culture work under controlled
conditions (Gordon et al. 1981) and measurements of phosphorus
concentrations in Cladophora tissue collected from the

estuary (Birch et al. 1981).

Analysis of historical data on phosphorus income (Hodgkin

et al. 1981) has shown that two of the major rivers flowing
into the estuary, the Serpentine and Murray Rivers, delivered
greatly increased amounts of phosphorus per unit flow during

the years 1972-78 compared with 1949-56. For example, the

Footnote 1. Cladophora aff. albida, specimen formally lodged

with Univefsity of Western Australia Herbarium
(U.W.A. 2806 a).
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Serpentine River delivered at least ten times more phosphorus
into the estuary in 1978 than in 1953, even though there was
similar rainfall and river flow in both years. These
increased inputs were associated with large increases in
total phosphorus concentrations in the estuary, which, in

parts, averaged 3-4 times higher in 1972-78 than in 1949-56.

In the present study, stream monitoring has shown that about
90% of phosphorus input from rivers is derived from rural
catchments of the Swan Coastal Plain, which in area represent
only 28% (2,700km9 of the total undammed catchment of the

"estuary (Black and Rosher 1980; Fig. 1).

Soils of the Swan Coastal Plaih are naturally deficient in
phosphorus and, in agricultural areas, need to be supplemented
with superphosphate, the use of which has greatly increased
since 1945 (Fig.2). As a result, the major source of phosphorus
presently entering the estuary from these catchments is probably
from applied superphosphate. The purpose of this paper, there-
fore, is to investigate the réiationship between use of super-
phosphate and export of phosphorus from coastal plain catchments
to the estuary. 1In addition, the relation between phosphorus
export and the proportions of different agricultural land uses

and soil types in the catchments is examined.
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DESCRIPTION OF STUDY AREA
Climate and Soils

The Swan Coastal Plain of Western Auétralia is a narrow
(20-30 km) strip of land bounded to the east by the Darling
Scarp and on the west by the sea. It extends from just
north of Perth to Dunsborougﬁ, 200 km south (Gentilli and
Fairbridge 1951). The portion which drains into the estuary
has three major catchments: the Harvey, Murray and
Serpentine River catqhments. In addition, numerous agricult-
ural drains discharge into the estuary and these héve been
divided into the Mayfields Drain catchment and that of the
"other" agricultural drains (Black and Rosher 1980; Fig. 1).
The area experiences a mediterranean climate, receiving an
annual rainfall of 900-1,000 mm, most of which falls between

May and October.

The Swan Coastal Plan has been divided into five geomorphic
elements (Fig. 3). These include three dunal systéms of
increasing age and distance from the sea; the Quindaiup,
Sprearwood and Bassendean dunes. Further inland there is the
Pinjarra Plain and, easternmost, the Ridge Hill Shelf which
forms the foothills of the Darling Scarp (McArthur and
Bettenay 1960). These elements have been each divided into
soil associations which are diverse in nature, and range from
sandy soils of the Bassendean dunes to alluvial clays found

within the Pinjarra Plain (Bettenay et al. 1960).

As the coastal plain is relatively infertile, significant
advancement in agriculture did not come until the last

30-40 years consequent upon the introduction and widespread



GEOMORPHIC ELEMENTS

QUINDALUP DUNES :
Creamy white calcoreous sand
fringing the coast
SPEARWOOD DUNES:

Yellow and brown sand overlying
osotionite at voriobie depth

5 BASSENDEAN DUNES :
Grey ond yellow sonds with
sondy swamps in low lying oreos

RIDBE HILL SHELF:
Residuoi lateritic soits forming the
foothills of the Dorling Scarp

PINJARRA PLAIN:

E Generally consists of unconeolidated
riverine material . Moin s0il seriec
ore podzolic and olluvial

SOIL_ASSOCIATIONS OF THE
PINJARRA PLAIN

Quilldford: Meadow ond yellow
@ | podzolic soils, main soil serigs is
Coolup Sond

= Southern River: Grey sond
.- 7 ;| dunes with intervening cuayey
== swomps

Oordanup : Undifferentioted
oltuvial  fan soile

Serpentine River : Poorly
m drained fine textured olluvial
soils

Conningtan: Vorioble soilt
generally with surface sand and

always with caicoreous B haruzoas
ossocioted with mounds of
spring limestone.

Swan d podrolic ond

E unditf ioted olluviol soils

along present strsom courses

Vaese: Variable undifferentioted

A\
’ v deposits of the iniets ond
WAROONA sstuaries

Beermuiloh: Sandy solonetzic

< and saline soils

10 ami

Fig. 3 Geomorphic elements and soil associations of the
Swan Coastal Plain (After McArthur and Bettenay
(1960) and Bettenay et al (1960).



use of phosphatic fertilizers and subterranecan clover. At
present the dominant land use in that portion draining into
the estuary is raising of beef cattle, followed by dairy
farming (Fig. 4). There is also a small but significant
area between Waroona and Harvey under irrigation. This

area is mainly used for pasturing dairy and beef herds.

Surveys in 1979-80 of superphosphate use revealed a relatively
high application rate of 38 kg P ha~l on irrigated paddocks
compared with 18 kg P ha~l on other ﬁaddocks in the coastal
plain catchments. Most dairying farms were located in the
irrigated region and thus had a considerably higher application
rate (31 kg P ha'l) compared with beef farms (16 kg P ha~1)
which were mostly located on non-irrigated pastures

(J. Gabrielson, J. Guimelli and D. Kidby unpubl. data).
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METHODS

The relationships between export of phosphorus from catchments
and (a) fertilizer use, (b) the proportions of various soil
associations and (c) 1land uses in the catchments were
determined by linear regression analyses. The proportions of
soil associations and land uses in the catchments were calculated
from Figures 3 and 4. Fertilizer use was estimated from

shire statistics (Australian Bureau of Statistics 1979)

by assuming that fertilizer was applied uniformly over the
cleared portion of each shire in each catchment (Dept. Lands
and Surveys maps). This permitted a reasonable estimation

of contribution by shires to catchments and hence total

fertilizer use and average application rates on catchments.

Catchment export of phosphorus was calculated from the amount
discharged by rivers ana drains and expressed as kg P ha‘l

of catchment. Discharge was computed from weekly measurements
of flow and phosphorus content of rivers and drains 6ver the
period October 1977 - September: 1979 (Black and Rosher 1980) .
No samples were collected during periods of very low flow.
Phosphorus contributions from the Murray River were divided
into the coastal plain portion (Murray River, west) and

the plateau portion (Murray River, east) at Public Works
Department gauging station 614006 (Baden Powell Water Spout)
some 50 km upstream (Fig. 1). Samples for total phosphorus
were collected less frequently at station 614006 during
1978/79 (a year of near record low flow) but still averaged
2-4 samples per month over most of the "high" flow months.

Calculations for this period were based on monthly averages



and the ratio of Murray (east)/Murray (west) for loading was
used to estimate loading for Murray (east) for August and

September 1979, when no samples were collected at station

614006.



RESULTS
Fertilizer Application and Export

The estimated uses of superphosphate for individual catchments
are summarised in Table 1. This table also includes data

for the remainder of the estuary's catchment (Murray River,
east) for comparative purposés. On the'coastal plain the
greatest quantities of fertilizer were applied on the Harvey
and Serpentine River catchments,but on an areal basis,

the highest average application rates were on the Harvey

River catchment followed by the Mayfields and "other" drains
.catchments. Lower rates were applied on the Serpentine and

Murray River (west) catchments.

The biggest exporters of phosphorus were the Harvey and
Serpentine River catchments accounting for 60-70% of the

total input to the estuary (Table i). The amount of.phosphorus
reaching the estuary as a fraction of that applied as
.fertilizer ranged from 2% - 8% (average 6%) in all‘catchments
except for the Mayfields Drain catchment, where the figure

was 19% for 1977/78 and 14% for 1978/79.

Catchment export rate (kg P ha=1l yr—l) varied by more than an
order of magnitude in the coastal plain catchments. Highest
e#port rates were determined for the Harvey River and Mayfields
Drain catchments and lowest for the Murray (west), and
Serpentine River catchments. The export from the remainder

of the estuary's catchment (Murray River, east) was very low

and explained why this large area contributed such a small

proportion of the total phosphorus load.



TABLE 1 _

Superphosphate application (kg P ha~1) and export of nhosphorus
from catchments draining into the Peel-lHarvey estuarine system,
1977/78 and 1978/79.

~~~~~~~~~~~~~~~~~~~~ 1977/78== === m = e
Area PHOSPHORUS APPLIED PHOSPHORUS EXPORTED
CATCHMENTS km2  Tonnes (& of kg ha~l Tonnes (% of kg ha~J
total) : total)
{a) Coastal Plain
Harvey R. 530 580 (15) 9.8 ' 48 (40) 0.81
Mayfields Drain 110 73 (1.9) 6.6 14 (12) 1.3
Other drains 290 160 {4.1) 5.5 11 (9.1) 0.38
Serpentine R. 1000 350 (9.0) 3.5 23 (19) 0.23
Murray R. (west)l 700 220 (5.7) 3.1 . 8.5 (7.0) 0.12
Total 2700 1400 (36) 4.8 104 (86) 0.39
(b} Plateau
Murray R. (east) 6900 2500 (64) 3.9 17 (14) 0.025
TOTAL FOR ESTUARY 9600 3900 (109) 4.3 121 ({100) 0.13
———————————————————— B L B R
{(a) Coastal Plain
Harvey R. 590 530 (13) 9.0 34 (51) 0.58
Mayfields Drain 110 68 (1.8) 6.2 9.8 (15) 0.89
Other drains 290 170 (4.0) - 5.9 7.4 (1l1) 0.26
Serpentine R. 1000 400 {8.8) 4.0 12 {18) 0.12
Murray R. (west)l 700 230 (5.5) 3.3 3.6 (5.4) 0.0S
Total 2700 1400 {35) 4.8 66.8 (99) 0.24
(b) Plateau
Murray R. (east) 6900 2600 (65) 3.9 0.6 {(0.9) 0.001

TOTAL FOR ESTUARY 9600 4000 (100) 4.3 67 (100) 0.071

1. Catchment of Murray River below Baden Powell Water Spout (614 006)
including North and South Dandalup Rivers below dams, allowing for
40% spillover from North Dandalup pipehead dam (Metropolitan Water
Board data) . ’



Regression Analyses

Results of the linear regression analyses are depicted in
Figures 5-8. Catchment export rate was positively correlated
(P < 0.05) with fertilizer application rate, the proportion
of Serpentine River soil association in the catchment, and
dairy farming. A significaﬁt negative correlation was

found with beef farming and catchment export rate.
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DISCUSSION

Fertilizer Application and Export

An important outcome of the regression analyses in this
study is the significant correlation between fertilizer
application and phosphorus export, i.e. those catchments
which received highest fertilizer application rates were
those which had the highest export rates (Fig. 5). However,
the correlation coefficient of 0.66 means that factors

other than fertilizer application rates were also making

a reasonably important contribution to the observed
variation in catchment export rates. These could include
the time and manner of fertilizer incorporation into the
soil, the efficiency of fertilizer use by plants, the chemical
reaction of fertilizer with soil, and the amount of leaching
and soil erosion. All of these factors are related to the

rainfall, soil types and land uses in the catchment.

Rainfall

The effect of rainfall between the two years is evident.
The first year (October 1977 - September 1978) was near
average with about 820 mm or 85% of the annual mean being
recorded in the catchments. The second year was quite dry
with only about 650 mm or 67% of the average being received
and resulted in a decrease in phosphorus export. In the
Harvey River, Mayfields Drain and "other" drains catchments
the decrease was in proportion to the decrease in rainfall.
Proportionately greater reductions occurred in the

Serpentine River and the Murray River (west) catchments.
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Soil Types

Of the major soil associations, a significant correlation
was only found between catchment export and the Serpentine
River soil association (Fig. 6). This suggests a further
examination of phosphorus export from soils within this
association may be useful. Bettenay et al. (1960) note that
soils within the Serpentine River soil association are
composed of fine textured, poorly drained clays. This may
be an important factor for export of phosphorus since clays
can be highly erodible and the dominant route for phosphorus

losses from them is via surface runoff and erosion (Birch 1979).

The lack of significant correlations between phosphorus

export and other major soil associations in the catchments

does not necessarily mean that individual soil types within

the associations are not high exporters or strong conservers

of phosphorus. A more detailed investigation of them is
required, especially within the Guildford soil aséociation
which contains soils with A horizons ranging from sand to heavy

loams.

Land Use

Of the major land uses in the catchments, dairying is best

correlated with phosphorus export rate (Fig. 7). A major

reason for this could be relatively high fertilizer application
rates in dairying areas, as indicated earlier. Furthermore,
dairy cattle spend about 20% of their time in milking sheds.
This leads to concentration of waste products which may result
in excessive transport of phosphorus into neighbouring

waterways.
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Considering the above, it is not surprising to find a
negative correlation between phosphorus export and beef
farming (Fig. 8). This industry is associated with lower
fertilizer use and the stocking rates are about half those
on dairy farms (W. Russell, pers. comm.). In addition,

the beef farming area includes most of the Bassendean
association soils in the catchments. The deep sandy nature
of these soils would be conducive to leaching rather than

losses of phosphorus via surface runoff.

Differences in pasture composition and density between the
two industries could also be important. For example, McColl
(1979) has shown that tall grass on New Zcaland catchments

was effective in reducing phosphorus runoff.

Methods of Reducing Catchment Export of Phosphorus

The regression analyses suggest that reduction of phosphorus
export from the coastal plain could be achieved by lowering
fertilizer use. Also of possible importance would be
modifying fertilizer practices, reducing soil erosion and

reducing runoff from dairy farms.

In considering how fertilizer use may be reduced it is pertinent
to note a decrease in use of V50% has already occurred in
coastal plain shires over the last six years, following an
increase in price in 1974/75 (Fig. 2). Although there has

been a partial recovery it is believed that use may stabilise

at current levels (equal to those around 1960) because farmers

are now more critical of application rates and increasingly
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base their use on soil nutrient testing (J. Giumelli pers.
comm.). However, the fact that the Serpentine River delivered
about 10 times more phosphorus into the estuary in 1978

than in 1953, which was a year of similar rainfall, runoff

and superphosphate application, indicates that there is a
substantial fertilizer history effect. That is, even if
fertilizer use continues at lower levels or is even further
reduced, the effect of soil enrichment from 30-40 years

of fertilization will be an important factor to be considered
in future investigations of phosphorus movement in coastal

plain soils.

Soil erosion is not a major problem in the coastal plain
catchments at present, although it is probably greater than
before agricultural development took. place. Therefore there
could be some scope for reduction, especially in areas of
heavier soil types. McColl (1978) has shown that use of buffer
strips of vegetation along stream banks may result in
significant reduction in nutrient losses from the land. This

practice warrants investigating in the coastal plain area.

As for dairy farming, the siting of milking sheds relative

to watexrways needs to be considered. Also there may be

scope for treatment and/or recycling of dairy waste products
which would reduce phosphorus export from farms, and possibly

accrue other side benefits.
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