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Abstract

Declining water quality on the south coast of Western Australia has been associated with increasing input of nutrients,
particularly phosphorus (P), from diffuse agricultural sources. A survey of surface (0- 10 cm) soil propertics {ammonium
oxalate extractable iron, bicarbonate extractable P and K. pH, organic carbon and salinity) from 7950 sites mostly on
agriculiural land, along with information on fertiliser practices. land use, soil type, rainfall and time since agricultural
devclopment reveals patterns of nutrient status and fertiliser praclice, and improved understanding of potential nutrient
export hazards. Significant increases in soil bicarbonate extractable P und K have been brought about by continued
traditional application of P based fertilisers. Soil vrganic carbon decreased afier clearing, but then increased as soil fertility
increased. There has been little change in soil pH or salinity. A significant interaction between time since agricultural
development and ammonium oxalate cxtraciable Fe indicaved that the rate of change and absolute value of soil hicarbonate
extractable P increased as time and ammonium oxalate exwactable Fe increased. Soils with low ammonium oxalate
extractable Fe (400 mg kg ') reach a maximum seil bicarbonate P more quickly { < 30 yr) than soils with high ammonium
oxalate extractable Fe (> 30 yr), Optirnum land management shoukl be based around the reducing P leaching through sandy
soils with Tow ammonium oxalate extractable Fe (low P retention), and reducing runoff and erosion from soils with high
ammonium oxalate extractable Fe (high P retention) and a long fertiliser history. More than half of the soils tested contained
sufficient bicarbonate extractable P (high P status) to forego P applications for at least nne year; however, 90% received P
applications independently of the soil west information. Two thirds of the high P status soils were deficient in 8, whilst 25%
were deficient in K. Corvecting these nutrient deficiencies would reduce the rate of increase in soil P and reduce the P loss
export hazard. © 1998 Elsevier Science BV,

Kevwnrds: Phosphorus; Management: Soil; Fertiliser; Water quality; Western Aostralia

1. Introduction lands and estuaries of south—western Western Aus-
tralia {Hodgkin and Hamilton, 1993). The increase in
nutrient louds to receiving waterbodies has resulted
in increased growth of aquatic plants and algae,
leading to the loss of seagrass, reductions in summer
mponding author. Tel: +1-11-61-98-928429; fax: +1- dissolved oxygen concentrations and anaerobic con-
11-61-98-412707: email: davew @albany.agric. wa.gnv.au ditions which stress aquatic wildlife. In the south—

Conventional agricultural development has con-
tributed to increased nutrient cxport to rivers, wet-
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west of Western Australia, P is considered to be an
important limiting nutrient for algal growth.

A number of studies have investigated the rela-
tionships between  catchment characteristics,  soil
characteristics, fertiliser use and a range of other
factors {erosion, rainfall intensity, slope. cover, land
use) on offsite nutrient export hazards and (heir
management {Boggess et al., 1995; Daniel et al,,
1993, 1994; Sharpley and Withers, 1994). In ovder to
manage nutrient loads in the long term. it is neces-
sary [ investigate nutrient sources and sinks and
how caichment characteristics influence nutrient
loads {Sonzogni et al., 1980}, It is also necessary to
understand the nutrient status of soils, the relation-
ships between soil chemical and other factors. and
how these may be alteved to optirnise both environ-
mental and agricultural benefils. Some stodies
(Daniel et al., 1993; Pote et al.. 1996; Sharpley.
1995a) have investigated the influence of extraclable
soil P or P sorption saluration on water quality with
the goal of developing recommendations for critical
soil P levels as they relate to environmentally sus-
tainable P management. Others heve used soi! test P
values as one of a number of characteristics in
evaluating sites {or their potential as nutrient export
hazards (Sharpley. 1995h), These studies have oc-
curred in the USA or Europe {Behrendt and
Boekhold, 1994) and provide a sound basis for the
interpretation of soil data collected in other countries
with similar problems, in this case. the south—west
of Western Australia.

Soil testing was initiated in 1938 and 1989 as pan
of investigations into nutrient nput into two har-
bours adjacent to the town of Albany on the south
coast of Western Australia (EPA, 1990). The objec-
tives of soil testing were to definz the nutrient status
of agricultural soils as the busis for a fertiliser exten-
sion program and to better understand nutrient deliv-
ery from agricultural land to waterways so that nutri-
ent export hazards could be identified and losses
reduced. This paper summarises the results of the
soil testing carried out on the south coast of Western
Australia and notes the implications for nulrient
management (particularly P} arising from them. The
paper also examines some broad temporal and spatial
differences in soil variables collected in the survey
and broad effects of soil type and land use.

2. Materials and methods

2.1, Carchment management environment

The region has a Mediterranean climate, with cool
wet winters and dry, temperate summers. Rainfall
ranges {rom 40{) mm in the north east of the region
to 1200 mm near the coast (Fig. 1}. Most rain falls
from April to October with an average of 180 rain
days cach year. The growing season ranges from
seven to nine months of the year (March Lo Novem-
ber). The landscupe consists of gently undulating
plains developed predominantly on teriary scdi-
ments with occasional granitic hills (Churchward et
al., 1988). Soils are commonly duplex with shallow
grey acidic siliceous sands overlying laterite and clay
the higher landscape. and sands and sandy gravels at
lower elevations. Valleys often consist of deep sands.
From the coast, heading north, the vegetation before
clearing consisted of melaleuca swamps inland of
couastal haath, with pockets of tall Kard (Euc. diver-
sicolor) and Yate {Euc. cormaa). Further inland,
where rainfall is less than about 800 mm (Fig. 1), the
vegelation comprised of low Jarrah  Euc, marginata),
Sheoak ( Allocasuaring fraseriana) and Marri ( Euc.
calophylla) forests and woodlands (Beard, 1979),

Agriculture mainly consists of broad scale grazing
of ammual subterranean clovers (Trifolium subterra-
neum 1..) and ryegrass in the southermn parts of the
catchment, with increased cropping in the northern
parts. Small areas of intensive agriculture are located
close to coastal regional centres. Improved clover
pastures are used for the grazing of cattle and sheep
throughout the region. Fertiliser management prac-
tices have continued from those developed when the
land was first cleared, and include annual fertiliser
application to maintain the productivity of pastures
on naturally infertile soils. Traditional land manage-
ment practices paid less attention to offsite nutrient
export hazards.

Nuttient transport to downstream waterbodies has
been found to be strongly linked to river discharge,
as well as to soil fertility. Concomitant increascs in
river discharge and river nutrient concentrations re-
sult in increased nutrient ransport, particularly dur-
ing winter (EPA, 1990, Weaver ¢t al., 1994).
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Fig. 1. Map showing the location of caichments, waterbodies, rainfall isohyets, vegetation (shaded area) and soil sample locations ().
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2.2, Soil testing and feniliser use survey

Farm properties in the region were surveyed in
order to define patterns of fertiliser use, nutrient
status in relation to representative soil types, land use
and other factors, and to identify areas of potential
high nutrient loss. This information would indicare
how farming practices have affected soil nutrient
status and lead to the formulation of strategies to
reduce nutrient loss hazards, During the autumn of
1988 and 1989, 3760 soil samples were collected
from 635 farms in the region covering 536000 ha
(Fig. 1), An additiona] 2190 samples were collected
during 1991, 1992 and 1993. Included in these addi-
tional samples were soils collected from 30 un-
cleared sites which had not previously received ap-
plications of fertiliser,

Samples were collected according to major soil
types within fields and consisted of a composite
random sample of 30—-40 soil corss o 10 cm depth
using a pogo sampler. The uncomposited random
sampling density was equivalent :0 a mean of 3—4
soit cores ha™' with a mean area of {0 ha represent-
ing each composited sample. Sample preparation
consisted of air drying soil, sieving < 2 mm, mixing
and splitting of samples into duplicates before analy-
sis. Bicarbonate extractable P and K were deter-
mined after extracting soit with 0.5 M NaHCO, at
pH 8.5 for 16 h at 25°C employ: ng a soil solution
ratio of [ 1M} (Colwell, 1965). Extracted P was
determined using the colorimetric procedure of Mur-
phy and Riley (1962) and K by atomic absorption
spectroscopy (Jeffery, 1982), Ammonium oxalate ex-

Table |
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tractuble iron {Amox Fe) was determined by atomic
absorption spectrophotometry after extracting soil for
! h at a soil solution ratio of 1:33 with Tamm’s
reagent {Tamm, 1922: Blakemore et al., 1977). Elec-
trical Conductivity {EC) and pH (H,0) were deter-
mined after extracting soil for 1 h with deionised
water at a soil solution ratio of 1:5. pH (CaCl,) was
determined using the same method but using a (.01
M calcium chloride solution (Schofield and Taylor,
1955; Rayment and Higginson, 1992). Soil organic
carbon (OC) was estimated using the heat of dilution
method of Walkley and Black (1934). Ammonium
(NH,) was cxtracted from soil using 1 M KCI for |
h at 25°C at a soil solution ratio of 1:5. The concen-
tration of NH,~-N was determined colorimetrically
by salicylate-chlorine (Reardon et al., 1966),

At the nime of sample collection, farmers were
interviewed ubout farm clearing history, fertiliser
use, soil types and characteristics and land use.

3. Classifications

Soils were grouped according Lo ranges of various
suil parameters, clearing history, rainfatl, land use
and soil type (Tables 1-7). This was necessary to
identity soil nutrient starus and provide a simple
approach to understanding nutrient requirement or
amelioration of nutrient deficiencies or excesses.

Measures of central tendency (median) and spread
(interquartile range) and proportions of soils within
different classifications and measured soil varigbles
were established. Differences between

Soil P status hased on ammonium oxalale 2xtractable Fe ranges and bicarbonate extractable P, percentages of soils within each ammonium
oxalate extractable Fe group and P status class, and P sorption and § response classes

Ammonium % samples P sorption S response® Soil P status (Bicarbonate P (myg kg~ ')
oxalate in each Low Medium High
extraclable Fe cluss

Fe (mg kg™")

I~ 100 17 Low High <10 10-12 > 12
101205 127 Low High <12 12-15 > 15
20 400 204 Low High <15 15-20 > 20
401 -804} 274 Moderale High < 20 20-25 =25
8011600 213 Meoderate Moderate <25 25-30 > 30
> 1600 0.1 High Low < 30 30-40 > 40
% ) 209 193

“Allen et al. (199]).
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Tuble 3

Rainfall zones. percentage ul samples within each rainfall 7one and median and interquartile range (in parenthesis) obtained for soil
parameters within different rainfall zones Jwithin columns, values with different letters are significantly ditferent and increase alphabeti-

cally. PP <0.05)

Annual % samples Mcean P
average  in each
rainfzll  rainfall

Bicarhoate  Ammoniom
application cxtractasle  oxalate
rate (kg P P(mg kg™ '} extractable

pH (CaCl,} pH (H.O) Soil

Organic  Bicarbonate  Salt
NH N carhon extractzble  (mSm™ )
{ma kg™ ") (9% K{mgkg™ ')

{mm)  zone ha ) Fetmg kg~ 1

< H(X] 11.8 10.4a 24 (22% S10(478)a 47030 36004 11 (10 20¢(1.0a 103{66H L0 (&%
600-700 7.1 13.2h 23 (20%h S6d (5821 4604 55004x 1i(12Rk 2501.Mb 103 (62 kb 10 (&)
TOO-800 471 13.6h 24 (21nb 480 (630)a 4.4 (0.5)h 3.300.50m 11013 L1070 96(72) 11(7h
= BN} 230 14.4¢ 24 (24)b SU (1060 4.3(0.Da 52 (haw 12019k 34405 100 (71)ab 13 (11

clusses /groups were determined using ANOVA and
significant correlations using stancard parametric and
non-parametric  statistical  techniques. Temporal
changes were determined on the basis of clearing
status and broad spatial differences were determined
on the basis of rainfall zones (Fig. 1). Most of the
variables had skewed distributions so they were re-
expressed using the “ladder of powers’ (Helsel and
Hirsch, 1992) before performing standard parametric
statistics such as ANOVA so that normal distribu-
tions were approximated. Ammonium oxalate ex-
tractable Fe, bicurbonate cxtracteble P, bicarbonate
extractable K and ammanium were log transformed,
and pH (H,0). pH {CaCl,) und EC were re-ex-
pressed using reciprocal root and soil organic carbon
was scuared before ANOVA,

3.1. Amnonivm oxalate extractable jron

Six different classcs of ammonium oxalate ex-
tractable Fe were selected (Table 1). Ammonium
pxalate extractable Fe was used as an indicator of a
soils ability to udsorb P and S, with higher ammo-
nium oxalate extractable Pe vulues generally indicat-
ing a greater ability to adsorb P and S (Allen et al.,
1991).

3.2, Soil phosphorus status

Ammonium oxalate extractable Fe classes and
soi] bicarbonate P were used to classify the soils into
different P status categories (low. medium or high:
Table 1). Low status represents soils in which annual

clover based pastures will respond to P applicaticns,
medium status represents those that require mainte-
nance applications of P and high status represents
those where a response Lo P applications will not be
seen. These standards arc applicable to soils on
which annual subterranean clover hased pastures are
grown in rainfall greater than 600 mm and were
established from field experiments on a wide range
ol soil types in the region (Yeates et al., 1991).

2.3, Clearing status, rainjoll, land use, soil tvpe

Each soil sample was classified according to the
length of time that it had been subjected to conven-
tional farming practices and fertilisation. Table 2
lists the threc categories that were chosen and the
times to which they relate. Each soil sample was
grouped according to the zone of averuge annuoal
rainfall in which it was located.

Al most sites where soil samples were collected. a
specific description of the land use carried out was
selected (Table 4), along with a simplified deserip-
tion. A similar approach was used for soil type
(Tabie 5).

3.4, Potassium status

The seils were classified according o the likely
requirement that annual clover based pastures would
have for K. Table 6 shows the values used to deter-
mine K requiremnent (status).
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