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EXECUTIVE SUMMARY

The Basin Salinity Management Strategy (BSMS)
focuses on addressing changes in salinity in the
River Murray. The Mallee is a major region of future
salinity risk from irrigation. The region is predicted
to generate around 75 per cent of the additional
salt load to the river by 2050. These impacts mostly
arise from irrigated lands. Irrigation practices,
which have improved dramatically over the past few
decades, influence salt mobilisation. The BSMS uses
groundwater and hydrologic models to quantify the
river salinity impacts of landscape change and water
use at the district scale.
This report examines root zone drainage (RZD)
estimation under irrigated agriculture in the Mallee.
RZD is the term used to define the amount of water
that passes beyond the crop root zone. As RZD
cannot be directly measured at the district scale,
models that simulate the impact of irrigation are
reliant upon estimates of RZD. This report draws
information from more than 100 scientific and
technical documents that inform RZD estimation
within the context of conducting salinity impact
assessments for irrigation activities. The literature
review is supplemented with the outcomes of
interviews with agronomic researchers, water
resource managers and groundwater modellers.
The report explores the validity and confidence
of the assumptions underlying these estimates.
RZD estimation methods are categorised and
discussed according to point-based and regionalbased measurements. None of these approaches
are able to provide a definitive relationship between
irrigation practices and RZD. The over-simplification
of RZD pathways and lag times from the irrigated
landscape to the river is highlighted as a critical issue.
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The literature indicates that point-based
measurements of RZD range from zero to 100 per
cent, and more commonly 5 to 25 per cent. At district
scale, water use efficiency (WUE) values are reported
as ranging from nearly 100 per cent to below 50 per
cent, with the residual often assumed as RZD. This
report questions the application of WUE as an input
into or a surrogate for RZD.
Confidence in RZD estimates arising from water
balance approaches is low. Useful data for RZD
estimation could arise from the widespread
network of in-situ moisture and salinity monitoring
instruments installed for managing irrigation water
applications. A tri-state initiative called the Irrigation
Recording and Evaluation System (IRES) is thought to
offer particular promise.
Key findings arising from the literature and expert
group consultations are discussed. There is general
support for current assumptions for assessing new
developments at well-managed greenfield sites,
but criticism of those relating to reduced impacts
of improved practices at old irrigation sites.
The implications of these findings are outlined for the
BSMS Salinity Registers and Operational Protocols.
The report concludes that a more sophisticated
approach to RZD estimation in salinity impact
assessment under the BSMS is now warranted, and
that the assumptions used deserve more explanation
and spatially explicit evidence. Critical and short-term
recommendations are made with respect to reviewing
and revising the BSMS Operational Protocols.
Medium to long-term opportunities are defined
for regional/district scale monitoring, reporting and
interpretation. Agronomic and hydrogeologic studies
and data interpretation are discussed separately.
Finally, recommendations are made in the case of
conducting five-year reviews under the BSMS.
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1. About this Report
This report summarises the outcome of a detailed
review of previous studies examining the estimation
of root zone drainage (RZD) under irrigated
agriculture in the Mallee region of the Lower MurrayDarling Basin (MDB) (Figure 1). RZD refers to the
water that passes below a crop’s roots.
Reducing RZD in the Mallee is a high priority because
the region is predicted to generate around 75 per
cent of the additional salt load to the River Murray by
2050. Most of this salt will come from irrigated lands,
primarily through mobilisation of natural groundwater
salt stores by drainage below crop roots. This salt
mobilisation will continue to impact on the river and
its floodplain despite dramatic improvements in
irrigation practices,
The cost of implementing better watering practices,
foregoing irrigation expansion or reducing the current
extent of irrigated lands will be borne by individual
irrigators, irrigation districts and governments.
Substantial public resources are also used to
construct and manage salt interception schemes
to mitigate salinity. These stakeholders therefore have
a strong interest in making sure that the systems
used to decide where RZD reductions are required,
and how this is measured, are scientifically valid.

The Murray-Darling Basin Authority (referred
to hereafter as ‘the Authority’) is responsible
for establishing and monitoring targets for the
river salinity of each major catchment and for
the Murray-Darling system itself. These targets
are set under Schedule B to the Water Act 2007
(Basin Salinity Management), and reflect the
shared responsibility for action between regional
communities and the states. The Authority uses
the Basin Salinity Management Strategy (BSMS),
its Operational Protocols and Salinity Registers
as tools for implementing and monitoring progress
towards these targets.
It is important to be confident that the salinity
assessments adequately support accountability and
entries (in the Salinity Registers) and minimise the
costs of salinity mitigation.
This report explores the extent to which the available
evidence supports the methods and models for
calculating RZD currently used under the BSMS.
This evidence was gathered from both the formal
review of existing literature and discussions with
experts in the field. The scientific validity and likely
error ranges of the main assumptions underpinning
these methods and models are outlined here,
together with recommendations for improvements
and further research.

Acronyms: page 31
Glossary: page 32
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Figure 1:	The Mallee irrigation region.

H

y
r M ur ra
WENTWORTH

i ve

YS
RA

PO

Ri v e
STURT HIGHWAY

NSW

gR

N

OT
LLI

UK

Mallee Irrigation Region
Lakes
Main Rivers
Towns
State
Border
D
Highways

AD

D

WELLINGTON

LOXTON

BERRI

RENMARK

RO

MURRAY BRIDGE

r Murray
ive

O AD

A
UN

A
RO

R

M a r n e R iv e r

NR

WAIKERIE

RG
A

SWAN REACH

MO

SA

n
Darli

HIGH

LB

R
PA

AD
GL
RO
T
EN
S
OSEA N ROAD
CTIO
RAND JUN
TH MO
R
ND
NO
RO
AD
AD
O
R
AN
KM
O
O
BR

YN BA
GOTTU
O
LWNGA
A R RO
OA AD
D

Mallee Irrigation Region (NSW, VIC and SA)

SU

ST
RA
TH
A

HWAY
iv e
r

Y HIG
e

R CIT
NA
LD

SILVE
ER
CALD

Ed w
ar

W

l Ri

i ver

ak
oo

dR

ve r

Uara Creek

Y
LODDON VALLEY HW

WAY

RID D OC H H

2
IGH

W

A

Murray–Darling Basin Authority

2. Purpose and Scope
This study was initiated by the Authority in response
to concerns raised by the Independent Audit
Group (IAG) for Salinity about the absence of direct
measurements and/or approaches to estimating
RZD. Under the BSMS, groundwater models are
the primary mechanism used to simulate changes
in, and impacts of, salt loads to the river. While the
BSMS Operational Protocols explicitly set a RZD rate
of 10 per cent of water traded for the assessment
of the salinity impact of new irrigation developments
(greenfields), in all other cases groundwater
modellers have formulated RZD assumptions or
derived estimates based upon calibration processes.

The purpose of this study is to identify opportunities
for improving the BSMS Operational Protocols in
relation to irrigated salinity impact assessment.
It focuses on the implications to the BSMS of the
assumptions underpinning RZD estimation. It looks
at assessing the actual proportion of irrigation water
that becomes RZD immediately below an irrigated
crop’s root zone.
RZD and recharge issues are explored through
reviewing the literature and data sources, and
consulting with regional practitioners. The processes
for estimating the impacts of recharge within the
aquifer system are beyond the scope of this work.

The IAG for Salinity has noted that the current
estimation of RZD values is supported by little specific
research or data collection. In particular, it suggested
that the figure of 10 per cent specified in the BSMS
Operational Protocols in relation to greenfield
sites arising from water trading should be more
conservative.
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3. Background
This section discusses some technical concepts at
the heart of understanding drainage below the roots
of irrigated crops in the Mallee, and then outlines how
salinity impacts are actually assessed under
the BSMS.

3.1	Core Technical Terms
Four central technical concepts are described here,
namely root zone drainage, leaching, water use
efficiency and recharge (Figure 2).

Root Zone Drainage
The terms ‘root zone drainage’ (RZD) and ‘deep
drainage’ are both used to describe the volume of
water that passes beyond the root zone. This water
is no longer available to the plants for use. Some
water will leave the unsaturated zone below the
plants and move down to the underlying saturated
aquifer, and some may be diverted elsewhere through
drains and subsurface runoff. The time taken for RZD
to pass through the unsaturated zone to the aquifer
below is called the ‘lag time’.

Leaching
Irrigation in the Mallee uses river water that contains
some salts. These salts can accumulate in the
root zone as water is removed by plants through
evapotranspiration. The salts are left behind. This
means that some excess water must be applied to
leach salt from the crop’s root zone. This excess
water is called the ‘leaching fraction’. As irrigation
is not always efficient, some water in addition to the
leaching fraction may also move below the root zone.
The term ‘leaching efficiency’ refers to the rate
at which salt moves through the soil profile in
the leaching fraction. There is some uncertainty
about leaching efficiency in the low rainfall Mallee
environment. In theory, applying water at 400 EC
(0.4 dS/m) with a leaching fraction of 15 per cent
gives an estimated average soil salinity value of
1600 EC through the root zone. This is estimated
to increase to 2700 EC at the base of the profile.
In practice, however, leaching inefficiencies occur.

Irrigated Agriculture in the Mallee

Water Use Efficiency
The emphasis of this study is the proportion of the
total water used by plants relative to that applied.
The term ‘water use efficiency’ (WUE) has many
interpretations (DSE/DPI Victoria, 2004; Fairweather
et al., 2003). The authors of this report favour the
terms ‘field application efficiency’ (Ea).

Ea is the ratio between water directly available to
the crop and that received at the field inlet (Doorenbos
& Pruitt, 2007). This is sometimes interpreted as
‘irrigation water applied minus deep drainage’ divided
by ‘irrigation water applied’. Some more recent
calculations have included a proportion of rainfall.
For example, if 100 ML of water is applied to a crop
and the plants use 85 ML for crop evapotranspiration,
where rainfall is negligible then the Ea is 0.85 and
RZD is often assumed as 15 ML. This assumption
fails to consider other losses from direct atmospheric
evaporation from the irrigation system (eg overhead
sprays), inter-row crops or surface runoff.
WUE, in general, relates crop yields or production
values to the amount of irrigation water applied.
The Water Use Efficiency Framework under the
National Program for Sustainable Irrigation (NPSI)
suggests the use of ‘irrigation efficiency’ as a general
term in relation to the volumetric components of an
irrigation system. Using the same example as above,
WUE is expressed as 85 per cent and RZD is assumed
to be 15 per cent.

Recharge
‘Recharge’ is the volume of water that moves to the
regional saturated aquifers. It often equates with RZD
but can have a lag time of many years. In the case
of infrastructure, such as drainage pipes, water is
removed from below the root zone and therefore does
not become recharge. Similarly, perched water can
move to lower points in the landscape and evaporate
or recharge elsewhere.
Measurements taken at the root zone base may
therefore under- or over-estimate actual watertable
recharge. As recharge volume and timing are critical
inputs to groundwater models, the accuracy of model
predictions is dependent upon using credible RZD
estimates and recharge rates that reflect drainage
pathways to the watertable.

4
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Figure 2: Graphical depiction of hydrological processes in an irrigated Mallee farming setting © Aquaterra

3.2

BSMS Salinity Impact
Assessment

This section provides an overview of how salinity
impact is assessed under the BSMS, followed by
more detailed background information about the
Operational Protocols and related Salinity Registers
and models. The section concludes with an outline
of the importance of accounting for the pathway that
RZD takes to reach the river.

BSMS Overview
The BSMS focuses on the setting and measuring
of, and reporting on, instream salinity targets. It is
underpinned by Operational Protocols, together with
two Salinity Registers (‘A’ and ‘B’) that record salinity
status throughout the river system. Register entries
are based on proposal assessments that quantify the
change in salt load and stream flow at the location of
the ‘action’ or ‘proposal’.
Salinity impact assessments are made for
‘accountable actions’. Accountable actions may
have positive or negative salinity impacts in the

5

mainstream River Murray. Comparisons are made
with ‘do nothing’ or ‘no further intervention’ scenarios
over a 30-50 year period using a standard ‘benchmark
hydrologic sequence’ (1975-2000). The BSMS
therefore relies heavily upon models to set and review
baseline conditions (in the year 2000) and salinity
targets, and to establish and operate the Salinity
Registers.
Salinity impacts are assessed using a quantitative,
nested modelling approach. Firstly groundwater
models (eg SIMRAT, MODFLOW) are used to generate
salt loads to the river (Kirk, 2004). These salt loads
are then processed through hydrologic models
(eg MSM-BigMod). The groundwater models need
to take account of both irrigation and dryland induced
RZD and the associated recharge, and are generally
based on the major regional aquifers.
RZD is a critical input parameter for groundwater
models under the following scenarios:
• baseline conditions/history matching (model
calibration/validation);
• legacy of history’ predictions (the incremental

Irrigated Agriculture in the Mallee

difference in conditions between year 2000
and year 2050) (brownfields);
• future salt mobilisation from new (greenfields)
irrigation developments;
• reductions in salt mobilisation from retired
irrigation ventures or improved irrigation practices
(retrofitted brownfields); and
• implications of irrigation infrastructure
rehabilitation (system reconfiguration).
These assessments are recorded in the Salinity
Registers, and used to account for the obligations
of state governments and to justify investments by
the Authority in new onground works and measures.
Assessments are subject to five-yearly reviews,
including accounting for changes in information
and knowledge. This feature of the BSMS means
that issues of uncertainty can be progressively
resolved and adaptively managed.
Land use change is an accountable action, such as
land clearance for dryland agriculture or conversion
from dryland to irrigation farming. The groundwater
models apply different recharge values to reflect
changes in RZD volumes resulting from land use
changes. The significance of RZD is greatest where
irrigated land is close to the river. Modellers currently
determine RZD rates used as an input to groundwater
models and modify these during model calibration.
The assumptions for estimating groundwater
recharge are critical and underpin the model inputs.

Operational Protocols
The Operational Protocols 2005 v.2 provide modellers
with guidance on carrying out analyses for proposals
seeking entry in the Salinity Register. It mostly
provides direction on the establishment and use
of hydrologic models. Models are classified under
the Operational Protocols as either general-purpose
or specific-purpose, with respect to their approval/
accreditation. Groundwater models and their input
assumptions are not specifically mentioned in the
Operational Protocols. In providing general advice
on the construction and operation of models,
the Operational Protocols differentiate between
baseline conditions, legacy of history predictions
and the implications of accountable actions such as
irrigation development, retirement or infrastructure
rehabilitation.
The Operational Protocols currently provide advice
on how RZD should be treated only in the case of new
irrigation developments arising from water trading
(not ongoing existing developments). RZD is assumed
to be 10 per cent of the water traded, and that all this
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water is used for irrigation every year at a greenfield
site. It does not specifically consider the crops,
irrigation systems, soils or source water salinity
as critical attributes.
Impact assessments for greenfield developments
must take into consideration the delayed salinity
impacts (recorded on the ‘A’ Registers), the design
and operation of salt interception schemes,
rehabilitated irrigation infrastructure and salinity
credits for improved irrigation practices.
The assumptions underpinning RZD need to be
considered in each of these analyses. Specific
circumstances and data availability may be
quite different for each scenario tested.
Salinity impacts of greenfield developments in the
Mallee region resulting from water trade must be
assessed using a groundwater model called the
‘Salinity Impact Rapid Assessment Tool’ (SIMRAT)
(Protocol 3.7.3; Appendix 3.11); the model has been
accredited by the Murray-Darling Basin Authority
and is only applicable for such assessments in
South Australia (SA). Comparisons with other
analytical tools and instream data have been
conducted to validate the algorithms and
assumptions underpinning the model (Rassam et al.,
2004). The model assumes that the developments will
attain a water use efficiency of 85 per cent (including
effective rainfall) and that the remaining 15 per cent is
lost. Of the 15 per cent losses, 5 per cent is assigned
to soil evaporation and subsurface drainage, and the
remaining 10 per cent is assigned to RZD.
A Geographic Information Systems (GIS) based
recharge modelling tool has been developed for the
SIMRAT model (Cook et al., 2001; 2004). It analyses
the relationship between RZD and recharge based
on soil landscape units taking account of soil
characteristics, rainfall, depth to groundwater,
clay thickness and the regional hydrogeology.
The method assumes a standard RZD and recharge
rate of 120 mm per annum for calculating lag time.
The Operational Protocols, specific to SIMRAT,
identify the following five-step process from RZD
to river discharge and salinity impact:
Step 1:

irrigation application to RZD;

Step 2:

RZD to recharge (to the regional aquifer);

Step 3:

r echarge to impact at the discharge edge
(regional aquifer to floodplain);

Step 4:

r iver connectivity and floodplain attenuation
processes (near river salinity); and

Step 5:

conversion to assessment units.
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With the exception of greenfield developments using
the SIMRAT model, the Operation Protocols provide
no explicit advice about RZD assumptions. SIMRAT is
yet to be accredited for assessment of salinity credits
resulting from irrigation retirement or improved
irrigation practices. This is primarily because a
process for confirming permanent retirement from
irrigation or improvement in irrigation practices has
not been agreed.
A complementary protocol has been developed by
modellers in SA that sets out modelling scenarios
relevant to entries in the Salinity Registers (Yan et al.,
2007). This protocol adopts a RZD value for pre-1988
irrigation of 30 per cent based on 70 per cent WUE.
This RZD reduces to 15 per cent with the adoption of
improved irrigation practices. This approach has not
been specifically endorsed by the Authority; however,
some Salinity Register entries have been accepted.
The Operational Protocols do not refer to the
Authority’s endorsed groundwater modelling
guidelines (Middlemis et al., 2001). However,
modellers use the guidelines on the basis of
their informal status. The guidelines provide
comprehensive advice on model construction
(particularly with respect to matching the level
of complexity with the needs of decision-makers),
model calibration and validation, and scenario
development. The guidelines address recharge
rather than RZD, and assume that recharge values
can be obtained as an input variable and that lag time
is generally irrelevant. Adjustment to the recharge/
RZD value as an input during model calibration
is valid, but the example quoted in the groundwater
modelling guidelines (Namoi, NSW) generates
recharge to only ±10 per cent despite long-term
groundwater abstractions.

Accounting for RZD Pathways
The salinity of groundwater close to the river,
known as ‘near river salinity’, determines the salinity
(and consequent salt load) of the water discharged
to the river. It does not determine the salinity of the
RZD itself, which is often much lower. The pathway
that RZD takes to reach the river is therefore a critical
consideration, in addition to the volume of RZD
applied under the BSMS. Two principal routes
are outlined here.
In the first pathway, RZD directly recharges
the regional groundwater. In doing so, it forms
groundwater mounds and generates groundwater
gradients that push water towards the river and its
floodplain (as well as away from the river to produce
groundwater storage that might affect the river much
further into the future). This process of generating
lateral (sideways) flow within the regional aquifer
takes years to decades to reach equilibrium.
The groundwater mounds often build vertically
(upwards) before migrating laterally.
In the second pathway, RZD generates shallow
perched groundwater. This causes water to flow
laterally along relatively impermeable perching
layers as ‘interflow’. Water then discharges at points
in the landscape not normally associated with major
aquifer discharge. Interflow processes are usually
faster than via regional groundwater systems. It is
possible for RZD to reach surface water via interflow
without affecting regional groundwater. Lateral
flows may also be picked up in drainage systems
or evaporate from ‘inland’ discharge sinks.
Such pathways may not mobilise the regional
saline groundwater.

Irrigation farming near Mildura with Murray River. ©Arthur Mostead, MDBA
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4. What does the Literature Say?
The review of literature presented in this section
suggests some progress towards a better
understanding of RZD under irrigated agriculture
in the Mallee.
Point-based and regional-based measurement
methods are discussed separately, and supported by
summary tables (Tables 1 and 2). The tables highlight
the range of methods applied in different settings and
at different scales. Studies conducted in the irrigated
areas of the Mallee are emphasised. The final section
outlines the implications of using cost functions in
hydrologic models.
The commentary that follows is informed by a number
of detailed reviews of broader scope than the Mallee
region (Cook et al., 2001; 2004; Cunnew & Edraki,
2005a; 2005b; Gee & Hillel, 1988; Petheram
et al., 2000; Tolmie & Silburn, 2003).
Readers may also wish to refer to the proceedings
from a workshop on root zone drainage conducted
by the Cooperative Research Centre (CRC) for
Irrigation Futures (CRCIF, 2006). While ‘whole of
system’ efficiency is outside the scope of this report,
Clifton and Voltman (2005), Fairweather et al. (2003),
Meyer (2005) and Purcell and Currie (2003) are useful
sources of information in the case of the MDB.

4.1

Point-based Measurement
Methods

This section summarises the main points
documented in the literature about point-based
methods for directly measuring or estimating
RZD. Summaries of specific methods presented in
Table 1 are made initially, and followed subsequently
by overarching remarks about the data and
information. Definitions of methods are provided
in the Glossary.

Lysimetry
Lysimeters are the only methods that directly
measure RZD. While numerous lysimeter studies
have been carried out in the international context
(Cheng, 1987; Gee & Hilllel, 1988; Gee et al., 2005;
Kendy et al., 2003; Lopez-Urrea et al., 2006; Louie
et al., 2000; Van der Velde et al., 2005; Vaughan et
al., 2007; Yang et al., 2000), their use in Australia to
measure RZD has been limited (Humphreys et al.,
2003; O’Connell et al., 2003), and none have been
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used to quantify RZD in the Mallee irrigation region.
Anecdotally, a major lysimeter trial was undertaken
at Loxton (SA) in the 1970s, and is understood to
have reported an RZD volume of around 1 per cent.
Criticisms of this method relate to its cost, ability
to extrapolate to district scale and soil disturbance
arising from equipment installation. Many of the
lysimeter studies reported are for less than one
season with an emphasis on evapotranspiration (Et)
rather than RZD (Burt et al., 2005). Notwithstanding
these limitations, lysimeters are potential validation
tools for less expensive methods. Micro-scale
lysimetry (inserting a device in the soil profile to
capture leachate) presents scope for a more practical
roll out (Harrington et al., 2004).

Measured Water Balance
Measured water balance is a relatively common
method used by researchers to estimate RZD in
the Mallee irrigation region. It has the advantage
of being able to respond to short-term climatic
conditions, but relies upon crop coefficients. It can be
applied at paddock or district scale, and thus offers a
larger sample size compared to point-based methods.
Small-scale water balance studies can also be used
to validate other methods (Biswas et al., 2004).
Within the water balance, RZD is calculated as
the difference between inputs (irrigation and
precipitation) and outputs (change in soil moisture
storage, runoff and crop evapotranspiration).
Et is the largest and most difficult component of the
water balance to measure and is often estimated
using crop coefficients (eg FAO56). Such calculations
are inherently prone to large errors. Sensitivity
analysis of RZD estimates calculated by such
methods has shown cumulative errors as large as
20 per cent of observed rainfall. This corresponds
to errors that are an order of magnitude greater than
the RZD estimate (Ward et al.,1998). While Et may
be more reliably measured using micrometeorology
(eg Bowen ratio), these techniques involve expensive
instrumentation and data gathering requirements
(Clifton & Voltman, 2005; Fairweather et al., 2003).
RZD volumes under irrigation have been estimated
using micrometeorology at Padthaway (SA)
(Harrington et al., 2004; 2006; Van den Akker, 2006).
A number of studies have compared different
measurement and analytical methods. For example,
a relatively good correlation between sap flow
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Table 1: Summary of literature on point-based estimation methods of RZD
Method

Lysimetry

Measured water
balance

RZD Ranges (%)

Comments

Key References

Overseas

Cheng, 1987; Gee et
al., 2005; Kendy et al.,
2003; Louie et al., 2000;
Little published information
Lopez-Urrea et al., 2006;
for irrigated settings in Mallee
Van der Velde et al., 2005;
Vaughan et al., 2007; Yang
et al., 2000

15-27

Padthaway,
drip-irrigated
vineyards

Et calculated using
micrometeorology

Harrington et al., 2004;
2006; Van den Akker,
2006

5.3

Irymple,
drip-irrigated
vineyards

Et calculated using FAO56

Cunnew & Edraki, 2005b;
Fairweather et al., 2003

Irrigated vines
and citrus at
Loxton, Dareton,
Irymple

Et calculated using FAO56

Biswas et al., 2007;
Schrale et al., 2006

Irymple,
drip-irrigated
vineyards

Variety of methods used to
calculate Kunsat

Cheng, 1987; Cunnew &
Edraki, 2005b; Da Silva
et al., 2007; Willis, et al.,
1997

-

7-30

Darcy’s law

24->100

Capacitance probes

17

Dareton, sprinkler
irrigated citrus

Capacitance probes with
Darcy-flux

Biswas et al., 2007;
Schrale et al., 2006

23

Dareton, sprinkler
irrigated citrus

Using method of Biswas et
al,, 2004

Biswas et al., 2006;
2005a, 2005b; 2007

Irymple,
drip-irrigated
vineyards

Using method of Biswas et
al,, 2004

Cunnew & Edraki, 2005b

No published data for
irrigated settings in Mallee

Cunnew & Edraki, 2005a

Reported for
dryland, but not
yet for irrigation

Comparisons of methods

Barnett & Yan, 2005; Cook
et al., 2001; Herczeg &
Leaney, 2004; Petheram
et al., 2000; Walker et
al., 2001

Findings
imminent

South Australia Centre for
NRM study

Gee et al., 2005; Herczeg
& Leaney, 2004

<0.5

Irymple,
drip-irrigated
vineyards

Problems with soil leachate
samplers

Cunnew & Edraki, 2005b

1-21

Irrigated vines
and citrus at
Loxton, Dareton,
Irymple

Less than corresponding RZD
values by water balance

Biswas et al., 2007;
Schrale et al., 2006; URS
et al., 2005, Yan et al.,
2007

24

Padthaway dripirrigated vineyard

-

-

-

22.7
Zero flux plane

Artificial tracers

Chloride front
displacement

Natural tracers

Steady-state
chloride mass
balance

Transient
chloride mass
balance

9

Field Studies (Location/Crops)

-

-

-

-

No published data for
irrigated settings in the
Mallee

Harrington et al., 2006
Cook et al., 2004; Herczeg
& Leaney, 2004; Weaver
et al., 2005
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measurements and chloride mass balance has
been demonstrated in the case of using the APSIM
water balance model for effluent irrigated woodlots
at Wagga Wagga (NSW), with 200 mm/annum deep
drainage even when managed to minimise RZD
(Snow et al., 1999).

Darcy’s Law
The Darcy’s law method generates considerable
uncertainty as it relies upon soil hydraulic
conductivity, which is highly spatially variable.
The method does not yield consistent results
under field conditions (Da Silva et al.,2007; Willis
et al., 1997). The increased availability of moisture
measurement using in-situ logging capacitance
probes has increased confidence (Biswas et al.,
2004; 2005a, 2005b). A database of some 300
estimates for hydraulic conductivity is also available
for the Mallee region, which may be compared with
field descriptions of soil classification and structure.

Capacitance Probes
While all measurement options for in-situ soil
moisture content are point-based, Australia’s
widespread network of 7500 capacitance probes
provides the opportunity for conducting statistical
analyses at district scale using continuous, real-time
data at multiple depths (Biswas et al., 2004; 2005a,
2005b; 2006; Cunnew & Edraki, 2005b). Capacitance
probes, however, only measure soil water content,
which is not a direct indicator of flux (ie the amount
that flows through a unit area per unit time). Further,
most probes are not calibrated and do not provide
absolute values but relative change. Access to data,
together with overcoming theoretical concerns,
is necessary before capacitance probe techniques
are widely adopted for estimating RZD.

Zero Flux Plane
The zero flux plane method (Cunnew & Edraki, 2005a)
avoids the need to assign hydraulic conductivity
values within the Darcy’s law method. It relies on
some knowledge of the point at which moisture
is neither moving upwards (through capillary and
evaporative processes) nor downwards (as deep
drainage). This enables any change in moisture
content below that level to be assigned as RZD. The
method relies upon having frequent measurements of
changes in moisture content, which are theoretically
available through the network of capacitance probe
loggers. The zero flux plane shifts during drainage
events, which presents a major issue for analyses;
however, this factor may be less significant in the
context of RZD estimation under the BSMS.

Artificial Tracers
Artificial tracers (eg residual nuclear isotopes,
industrial pollution) can be used to assess RZD,
particularly in understanding how water migrates
under relatively low gradients through deep
unsaturated soils. Tracers provide the only way of
assessing impacts resulting over many decades.
Lag times under dryland farming compared with
natural mallee systems have been assessed using
artificial tracers (Petheram et al., 2000). While drilling
and laboratory testing associated with these methods
are expensive, it is likely that they provide the most
reliable data for estimating RZD at the district scale.
Artificial tracers are currently being used to estimate
RZD under irrigated areas at Bookpurnong (SA),
and the work is expected to provide useful data and
inform future directions in this arena (Herczeg &
Leaney, 2004). Comparisons of lysimeter results and
tracers are found in Gee et al., (2005).

Natural Tracers
The following three methods are based on natural
tracers in the soil profile:
(a) Chloride Front Displacement
Long-term, time-weighted RZD may be estimated
beneath both dryland and irrigated areas in the
Mallee by using the region’s natural chloride
signature. Mallee trees have left behind high salt
(chloride) content within a relatively dry soil profile.
A flushing front has migrated slowly down the soil
profile following clearing and farming (dryland
and irrigation).

A Capacitance probe is being used for
monitoring soil moisture in a vineyard.
©Tapas Biswas, MDBA
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While the method appears relatively simple it relies
upon equilibrium having been reached. The method
has proved useful in the case of measuring RZD arising
from the initial clearing of land with the slow migration
of a wetting front down to a deep watertable.
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Drilling programs with careful sampling and simple
testing can provide a good estimate of RZD and lag
time rates (Cook et al., 2004; Herczeg & Leaney,
2004). The method can also provide a good indication
of RZD pathways in low permeability layers (eg
Blanchetown Clay in the Mallee region). Drilling
records have been used in RZD studies in dryland
Mallee settings (Barnett & Yan, 2005) that were
subsequently incorporated into irrigation analyses
to support the SIMRAT and MODFLOW modelling
(URS et al., 2005, Yan et al., 2007). Further drilling
programs are underway in the irrigation areas of
the Riverland (Herczeg & Leaney, 2004).
(b) Steady-state Chloride Mass Balance
Chloride mass balance studies within unsaturated
zones have been used to examine how the salt
in irrigation water accumulates and migrates
downwards through the root zone. The method
assumes that the soil salinity/chloride profile has
achieved a steady-state or equilibrium, which is not
the case in reality. The technique estimates plant
water uptake from the chloride concentration of
RZD compared with the application concentration;
the residual is assumed to be RZD. Some irrigated
soils start with modified chloride profiles (from past
dryland farming), which may introduce significant
errors. Further, the method does not account for
uneven salt distribution in the soil profile arising from
different irrigation methods (eg three-dimensional
moisture bulbs under drip irrigation). Gee et al.,
(2005: 72) comment that ‘when recharge is above a
few millimeters per year, soil water extracts can lead
to unreliable estimates of recharge.’ More reliable
and simple in-situ leachate samplers are under
development (Biswas et al., 2007).

Overview
A literature review in 2005 reported RZD estimates
ranging from -16 per cent to greater than 100
per cent of applied water for the suite of studies
using agronomic methods relevant to the Mallee
environment (Cunnew & Edraki, 2005a; 2005b). It
concluded that current methods for estimating RZD
could not adequately account for spatial and temporal
variability across the Mallee region. The work
recommended using a combination of techniques
for reducing errors in RZD estimates.
Specifically, it advocated applying Darcy’s law using
hydraulic conductivity estimates validated with
field measurements (using disc permeameters
and Talsma tubes). The accuracy of chloride tracer
methods and simple water balance techniques (where
an accurate estimate of actual Et is available) may
then be compared with these results.
RZD has been calculated at a number of Mallee sites
under drip or sprinkler irrigation (Biswas et al., 2004;
2006; 2007; Edraki et al., 2004; Schrale et al., 2006;
Stevens et al., 2004). While the research primarily
focussed on root zone salinity management, RZD was
also studied. Calculation methods were refined using
a number of inexpensive tools and techniques (soil
water extractors, ‘full-stop’ sensors, and capacitance
probes). It appears that RZD under drip irrigation
is less than under sprinklers (Biswas et al., 2007).
The methods appear robust, however, significant
variation was reported in calculated RZD between
sites and between different methods (±50 per cent).
It may therefore be difficult to scale the point-based
measurements to be representative of the entire
Mallee region or any individual property or district.

(c) Transient Chloride Mass Balance
The transient chloride mass balance approach is
similar to the chloride front displacement method.
It involves measuring chloride profiles at two different
time steps. The calculation is based on dilution
resulting from recharge water pushing natural
salt through the profile, while mixing at the same
time. This approach is useful when steady-state
conditions are not considered applicable. It has been
used in Queensland to determine recharge rates
under cleared dryland farming systems (Tolmie &
Silburn, 2003), as well as under irrigated vertisols
(cotton) in both Queensland and northern New South
Wales (NSW) (Weaver et al., 2005). The latter study
concluded that the steady-state assumptions gave
better results.
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Collecting soilwater from SoluSampler for estimating
deep drainage by chloride mass balance from an
irrigated Mallee vineyard. ©Tapas Biswas. MDBA

Irrigated Agriculture in the Mallee

4.2	Regional-based Measurement
Methods
This section summarises the main points
documented in the literature about regionalbased measurement methods for estimating RZD.
Summaries of specific methods are presented in
Table 2. The challenge is to up-scale from local
measurements to generate credible and validated
analysis representing a whole district.

Drainage System Monitoring
Drainage systems have generally been installed
at a district or community scale (Kirk et al., 1999).
They mostly occur where irrigation practices were
previously relatively inefficient. Many have since
dried up with improved irrigation efficiency. The fact
that drainage systems have been well monitored has
provided a sound basis for their use in RZD estimates;
however, it is noted that they do not collect all the
leachate or salt.
RZD rates can be related to increased salinity in the
soil profile once the salinity components within a
drainage system reach equilibrium (Collett et al.,
2003). For example, if the salinity of drainage water
is double that of the irrigation water applied, then
the irrigation efficiency is estimated at 50 per cent at
equilibrium. However, this approach does not account
for rainwater input or fertiliser effects and it is
possible that some RZD may bypass the drains. It also
assumes that there are no active salt stores in the soil
profile above the drains.
Past irrigation drainage records can provide an
indication of historic RZD rates for extrapolation
to other areas without drainage systems. This
information is valuable for modelling purposes but
does not provide RZD rates applicable to greenfield
irrigation developments where no drainage has been
installed.
Collett et al., (2003) found that most existing irrigation
operated at 15 per cent WUE, of which about 10 per
cent was collected by drains and 5 per cent was
discharged as RZD1.
RZD values quoted represent percentage of water applied, not
percentage of water traded (except where indicated)

1

Remote Sensing
Recent advances in remote sensing for calculating
Et over large areas (eg better quality imagery and
refined analytical techniques) could enable more
accurate definition of water balance and crop water
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use. While these techniques have been contemplated
in some international research (Ambast et al.,
2002; Bastiaanssen et al., 2000; Roerink et al.,
1997; Wesseling & Feddes, 2006), they have yet to
be realistically considered in the context of the
Mallee region.
In the case of broadacre land uses, thermal and
reflective remote sensing and meteorological data
are currently being examined to determine spatial
estimates of actual Et in the MDB (McVicar et al.,
2007). However, thermal and reflective remote
sensing data need to be analysed carefully, as data
needs to be collected over each growing season to
provide sensible regional evapotranspiration data.
Carefully correlated airborne photography offers
useful spatial supplements to the point-based
measurements adopted by most agronomic
researchers in the Mallee region. Air photography
and ground surveys have been used to generate a
picture of historic and recent irrigation development
in the Mallee region. The accuracy of air photography
interpretation may be greatly improved through faceto-face interviews with individual growers.
This interaction also provides real benefits
as growers develop farm plans.

District Scale Crop and Water Use Surveys
(GIS)
GIS frameworks (Kirk et al., 1999) used to report
district irrigation data enable qualitative analysis
of RZD according to soil type, crop type and irrigation
practice based upon agronomic algorithms. However,
errors in crop coefficients used to calculate Et need
improvement to increase reliability. Agronomic model
accuracy could also be improved by incorporating
validated, point-based data in relation to
irrigation intensity.
A study in the Murrumbidgee Irrigation Area (NSW)
focussed on up-scaling from point-based to districtbased measurements using GIS; however, its
emphasis was water savings rather than RZD (Kahn
& Abbas, 2007). GIS studies in the Mallee relating
water consumption to crop water demand have
reported a district average WUE of 80 to 85 per cent
(Kirk et al.,1999; SunRise 21, 2006). However,
the issue remains as to how to relate this to RZD,
and then to recharge, after accounting for the
pathways to the aquifers and the river.
District scale water balances have been increasingly
used to assess improvements in irrigation practices
and consequent reductions in RZD. Some progress
has been made in benchmarking RZD rates between
individual irrigators and irrigation districts (Adams
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Table 2: Summary of literature on regional-based estimation methods of RZD
Field
Method

RZD Ranges (%)

Studies (Location/

Comments

Key References

Crops)
Sunraysia salt interception
Drainage system
monitoring

< 15

Sunraysia

Collett et al., 2003; Kirk

scheme

et al., 1999
SA Irrigation Rehabilitation
Ambast et al., 2002;
Bastiaanssen et al.,

Remote sensing

-

Not applicable

No published data from
satellite analyses

2000; Isaac et al., 2004;
McVicar et al., 2007;
Roerink et al., 1997;
Wesseling & Feddes,
2006

District scale crop and
water use surveys

-16-15

(GIS)
<15
Assumed water use
efficiency
Agronomic and soil
physics models

Groundwater models

General

~15

NSW/Vic
Sunraysia

Based on WUE benchmarking

SunRise 21, 2006

Based on WUE benchmarking

Adams et al., 2004; nd;

SA Mallee
Riverland &
Sunraysia

Fairweather et al., 2003;
Basin-wide reviews

Jensen, 2007

Basis of water allocation plan

Skewes & Meissner,

and regional monitoring

1997; SunRise 21, 2006

Cunnew & Edraki,
-

-

-

2005a; Wesseling &
Feddes, 2006

10
(traded volume)

-

SIMRAT (decision by expert

Adams et al., 2004; URS

panel)

et al., 2005
Barnett, 2005a; 2005b;
Howles et al., 2004;

Groundwater
response

5-15

-

MODFLOW models noting lag
time critical for calibration

Hoxley, 2001; Middlemis
et al., 2005a; 2005b;
2005c; Richardson et
al., 2005; Yan et al.,
2005; 2007

Transient
water balance

-

-

Salt loads to the river

-

-

As above

-

Not practical for back
calculation but SIMRAT reality

URS et al., 2005

tests applied at Bookpurnong
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et al., 2004; nd). The approach uses larger scale data
sets and scientific information, and greatly assists
groundwater modelling for assessing salinity impacts.
Over the past decade, significant improvements
have been made in the mapping of irrigation areas,
including specific crops, irrigation systems, irrigation
practices and water application. This information can
provide a district scale water balance when combined
with theoretical crop water requirements. The
correlation of the water supply system infrastructure
(water outlets to properties) provides a link between
crop and water consumption. In all three states,
GIS approaches have been used to characterise
land use so that reasonable qualitative estimates of
water requirements can be made. The challenge is
to link the actual water use to the theoretical water
requirements on a regular basis.
Data is now widely available for the Mallee region
at the property/patch scale and is updated biannually.
While this approach can only identify RZD through
using WUE as a surrogate, it does appear to have the
ability and acceptability to be rolled out across the
whole Mallee region.

Assumed Water Use Efficiency
Water use efficiency should be regarded as a generic
term that covers a range of indices for a variety of
purposes (Fairweather et al., 2003; Jensen, 2007).
The concept has a long association with estimates
of RZD. Crop Water Use Efficiency (CWUE) and
Field Application Efficiency (Ea) are the terms used
most commonly in the context of natural resource
management (NRM) decision-making.
The NRM literature broadly associates 85 per cent
CWUE in the Mallee region with 15 per cent RZD.
It assumes that simulated crop water demand is
a reasonable representation of actual crop water
use, and that there are no losses other than those
to groundwater.
WUE indicators were initially adopted by the SA
Government in its 2002 Water Allocation Plan for
the River Murray Prescribed Watercourse (River
Murray Catchment Water Management Board,
2002). These indicators were intended as a means
of evaluating relative irrigation efficiency between
properties at seasonal and district scales (not as
a means of quantifying RZD). Property scale WUE
indicators generated by agencies in NSW, SA and
Victoria currently use Ea from irrigation event-based
water balance. These indicators sometimes include
effective rainfall (ie rainfall for the irrigation season
for that crop).
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The Ea approach relies upon a presumption of crop
coefficients to estimate crop water requirements
based on Eto (pan evapotranspiration) and local
experience. However, very different results are
obtained when using daily, monthly or annual data.
Agreed crop coefficients have been adopted for the
Mallee region. In the case of SA, these coefficients
have been enshrined in the 2002 Water Allocation
Plan. Ea calculations account for water lost to
evaporation from soil and through leaves, as the
single crop coefficients include these parameters.
Single crop coefficient methods do not differentiate
between soil evaporation rates under overhead
sprinklers compared to drippers.

Agronomic and Soil Physics Models
There is a wide range of agronomic and soil physics
models available for estimating RZD. However,
as most are based on one-dimensional (1-D)
simulations of water and salt movement in shallow
soil profiles, the models rely on assumptions
concerning water use by healthy crops.
The models take account of plant growth functions,
Et, water availability and quality, and rainfall and
irrigation inputs. RZD estimation is highly sensitive
to many of these parameters, which creates
significant uncertainty. The following 1-D models
have been applied and tested within the Mallee region
to varying degrees: APSIM; VineLOGIC; SWAGMAN;
CERES and SWIM; HYDRUS-1D; SaLF; WAVES; SWAP
and LEACHM (Cunnew & Edraki, 2005a). Some of
these models offer the possibility of extrapolation
over a broad area by up-scaling to common soil type
and land use combinations using GIS techniques.

Groundwater Models
The following sub-sections discuss aspects of
estimating RZD using groundwater models.
In a related project by Evans (2007), issues associated
with the way in which groundwater models are
formulated and used within the Mallee are reviewed.
(a) Groundwater Response
Groundwater response has been used as an
approach to validating changed RZD and groundwater
accessions in dryland regions of some parts of the
Mallee region.
Groundwater tends to react slowly to recharge
processes. The timing and rate of vertical rise
following land use change is a potential measure of
RZD and lag times. An appreciation of strata porosity
at the watertable is needed to relate watertable rise
to the recharge rate; nevertheless, it is a relatively
variable parameter in this context.
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Watertables in some regions have yet to respond
to RZD where increases in RZD rates have been
relatively modest and the watertables are very deep.
In these regions, tracer methods in the shallow
unsaturated zone are more useful. In some situations,
there is uncertainty about whether the recharge rate
(that is, the flux at the watertable) represents the
RZD (that is, the flux at the base of the root zone).
Examples of this are where some lateral flow has
occurred higher up in the soil profile.
More sophisticated analysis is required where
horizontal groundwater flow processes occur,
especially closer to the river, and for patchy land
use development, such as irrigation. This can be
undertaken through simple flownet analysis,
such as in the Sunraysia Integrated Salt Interception
Schemes (SIS) study (Collett et al., 2003), or more
complex groundwater modelling approaches
(Middlemis et al., 2005b; 2005c; Wallis et al., 2007).
(b) Transient Water Balance
Groundwater models simulate groundwater inflows
and outflows within a specific environment. Many
of the attributes used in groundwater models have
relatively high degrees of variability and uncertainty.
Models rely on historic groundwater level records,
which are often severely limited.
As recharge rate is generally regarded as the most
sensitive and uncertain parameter in groundwater
modelling, models are often validated/calibrated
against RZD rates (as they are directly related to
recharge). Most groundwater models (Australian
Water Environments, 2005; Barnett, 2004; 2005a;
2005b; Evans, 2007; Howles et al., 2004; Howles &
Smith, 2005; Hoxley, 2001; Hoxley & Collett, 2005;
Middlemis et al., 2005a; 2005b; 2005c; Prendergast
& Brodie, 2001; Richardson et al., 2005; Yan, 2005;
Yan et al., 2007) start with assumed RZD rates.
These rates are taken anecdotally from irrigation
management practitioners, and often varied during
the calibration process to allow the modelled outputs
to replicate the observed groundwater conditions.
In some cases, the modelling process varies the
combination of RZD, hydraulic conductivity and
aquifer storage to predict recharge.
Once the modeller considers that an acceptable
match has been achieved between historical
groundwater levels and model outputs using
a particular combination of these three parameters,
the recharge regime is held constant during further
calibration. It is noted that the regime may have
varying recharge rates depending on irrigation inputs.
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Salt Loads to the River
There are many uncertainties associated with
connecting landscape changes with river salinity
impacts. The lag times are significant, and water
and salt can be stored in groundwater and in
floodplains before reaching the river itself.
The region of Bookpurnong (SA) has the most
credible historical record of changes in local salt
loads as a result of irrigation development (URS et
al.,2005); nevertheless, it remains unlikely that the
data can be used to assess historic patterns of RZD.
It is therefore unlikely that past records of instream
salinity changes provides a reliable means for
estimating RZD.

4.3	Cost Functions
This section outlines the implications of using cost
functions that rely upon assumptions about applied
water salinity and the behaviour of salt in the root
zone in hydrologic models. It is not a method to
determine RZD but takes the outputs of the various
interpretations and incorporates them into hydrologic
models taking account of the implications of salinity
induced crop health reductions on farm income.
The effectiveness of leaching of salts from the root
zone through root zone drainage is an important
aspect of salinity management in the horticultural
regions. Agricultural production and urban salinity
impact ‘costs’ are major considerations in setting
targets consistent with the BSMS instream water
quality objectives. In the case of crop productivity,
applying irrigated water sourced from the River
Murray increases salt loads in the root zone by
as much as one tonne/ha/year.
The Authority’s hydrologic model, MSM-BigMod,
uses salinity cost function relationships
recommended from a review conducted by GHD
(1999) and validated by Allen Consulting Group (2004).
A recent study of the economic impacts of salinity for
irrigated horticulture using a different approach and
producing different results (McLean et al., 2007) is not
discussed here as it has not yet been considered
by the Authority.
MSM-BigMod computes the costs to irrigators using
crop data for each reach of the river and salinity levels
for each month of the 25-year benchmark hydrologic
sequence. The approach recognises the dynamic
nature of stream salinity, which generally increases
downstream and reduces with higher flows.
It considers the salinity cost as an instantaneous
rather than cumulative outcome. However, the
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cumulative effect of long-term toxicity over periods
of 4-8 years are recognised by weighting yield
reductions by a factor of two in the case of grapes,
and four in the case of citrus, stone fruits and nuts.
These weightings are likely to be conservative.
The review by GHD (1999) proposed an economic
submodel for agricultural costs and benefits
incorporating the following data/relationships:
• yield loss/salinity parameters for each
crop/pasture;
• average crop yields;
• crop gross margins; and
• land use data subdivided into crop type,  
soil type and irrigation method.
The approach relies upon the salinity response
functions established using crop yield loss and soil
salinity for the range of irrigation practices. Threshold
levels are established for each crop type at which
yield reductions begin. Depending upon soil salinity,
this is followed by a steeper yield reduction leading
inevitably to crop failure. The relationships depend
upon irrigation water supply salinity and irrigation
system/soil type. This pattern of relationships is
used in the Authority’s MSM-BigMod model
(Close & Sharma, 2003) and is referred to as
the ‘bent stick’ relationship.

largely independent of the permeability of the soil and
are determined primarily by management.’ Levels
of adoption of improved irrigation practices were
assumed to be high on the basis of high participation
in community-based groups (eg Landcare) coupled
with improvements in water supply infrastructure.
The implications of improved irrigation practices
as an alternative to constructing salt interception
schemes (SIS) has been investigated in the Lower
Murray Futures Study (Bryan et al., 2005). The study
demonstrated that the potential for reducing RZD
by improved practices is economically preferable
to SIS in some situations, and should be encouraged
as a cost minimisation strategy. This outcome has
also been demonstrated in the case of groundwater
models for SIS (Barnett, 2005a; 2005b; Howles et al.,
2004; Hoxley, 2001; Middlemis et al., 2005a; 2005b;
2005c; Richardson et al., 2005; Yan et al., 2005; 2007).

The cost functions currently used by the Authority
are further supported by a literature review of crop
salinity tolerances by DeHayr et al., (1997). This
Queensland-based study includes a comprehensive
list of crop salinity thresholds for different soils.
The 1999 GHD review placed particular emphasis
on the increasing capability of horticultural
farming systems within the Mallee to manage for
optimal productivity despite the prevailing salinity.
Accordingly, it recommended that future costs of
salinity to horticultural use should be based on
current rather than historical irrigation practices.
The review recognised the complicated relationship
between RZD, root zone salinity and crop yield
reductions and the implications of leaching on root
zone salinity. Nevertheless, leaching fraction was
assumed to be constant for a range of water salinities
and soil types within the study area.
The work concluded that RZD is less dependent on
soil type but more sensitive to irrigation management
approaches noting leaching fractions of less than
10 per cent on light/medium soils and as little as 5
per cent with drip irrigation systems. GHD (1999:35)
reported that: ’because of the high degree of control
possible, leaching fractions with micro-irrigation are
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5. What do the Experts Say?
More than 40 experts were consulted in the
conduct of this study about their understanding
of assessing salinity impacts under the BSMS and
specifically about RZD estimation. Their responses
are summarised here according to expert group
categories and overall messages in terms of points
of consensus and contention.

5.1	Expert Groups
Responses from the following three categories
of expert groups (agronomic researchers, water
resource managers and groundwater modellers)
are summarised here.

Agronomic Researchers
Many agronomic researchers did not fully understand
how the BSMS and its associated Salinity Registers
operate. Further, they did not appear to appreciate
that the 10 per cent RZD factor referred to in the
BSMS Operational Protocols relates only to new
development scenarios and not to ongoing existing
developments. A workshop with agronomic experts
examining assumptions underlying the SIMRAT model
(pers commun: Meissner, 2005; Meissner & Kendall,
2004) noted that RZD from current irrigation practices
commonly exceeds 10 per cent and that a figure of
15 per cent may be a more conservative assumption
in the context of the BSMS.
Historically, irrigation efficiencies between 33-98
per cent have been reported (Cole, 1985). There was
general consensus among the agronomic researchers
that irrigation practices are trending towards
optimal water use, and that minimal RZD is therefore
expected to result. However, while irrigation practices
have improved significantly (Meyer, 2005), much
of this has been expressed in reduced subsurface
drainage flows (where drains exist) and may not
have significantly affected the RZD recharging
regional aquifers.
That said, leaching of salts from the crop root zone
is critical to ongoing productivity. The salinity of
irrigated water determines the leaching requirement.
This leaching requirement may be just 5 per cent RZD
in the upper reaches of the study area, but may be
10-15 per cent further downstream in the Riverland (SA),
where stream salinities are typically 500 EC or more.
Theoretically, adequate leaching may be possible
using rainfall alone in the upstream reaches.
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However, the required leaching fraction is dependent
upon both the irrigation system (eg wetting shape
under drip systems) and soil characteristics.
In the case of soils, preferred pathways develop
and leaching may not uniformly or fully remove any
salts. In some circumstances, such as the lower
Murray reaches and the Lower Lakes (SA), it may
therefore be necessary to allow for up to 30 per cent
additional leaching.
A long-term academic commented: ‘our educated
guesstimate of RZD is more credible than any of the
site-specific in-situ measurements.’ This remark is
based on the observation that subsoil characteristics
are so variable that any site-specific measurement
is of little value (ie up-scaling is extremely difficult),
and that current techniques involve difficulties
in actual measurement coupled with the need
to introduce surrogate relationships.

Water Resource Managers
State agencies, including water authorities and
NRM departments, have generally adopted a relatively
simplistic approach based on WUE indicators to
estimate RZD. In the case of SA, targets for WUE are
enshrined in the 2002 Water Allocation Plan. While
monitoring and reporting efforts have been hampered
by low water allocations during an extended period
of drought, the WUE approach nevertheless provides
input into the groundwater models.
Scientific uncertainty associated with using WUE
indicators to estimate RZD may make statutory
obligations difficult to enforce. However, the
indicators enable water resource management
agencies to compare irrigators and districts, and
tailor behaviour-changing strategies to specific
salinity risk zones.

Groundwater Modellers
Groundwater modellers have actively engaged in an
ongoing debate about the assumptions underpinning
RZD estimates. In the case of new irrigation
greenfield developments, groundwater modellers
use the 10 per RZD (of traded water) specified by
the BSMS Operating Protocols, and related lag
times assigned to irrigated crops (Cook et al., 2001).
For existing developments, groundwater modellers
are required to use RZD estimates as inputs to
transient groundwater models (where RZD has very
often changed over decades). Different RZD values in
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specific locations have been used to calibrate/validate
some models. RZD is therefore treated as a model
variable rather than as an independent, evidencebased input variable. This is an important distinction
because salinity credits resulting from improved
irrigation practices are justified on the basis of these
input values.
Groundwater model calibration can involve the
adjustment of a number of aquifer parameters to
satisfy the agreed calibration criteria. There is no
unique solution to the calibration problem as there
is uncertainty associated with the choice of each
parameter value. The model output is therefore not
a validation process for any of the input parameter
values, such as RZD (Evans, 2007). Theoretically,
the same level of calibration error may be achieved
when changing from 20 per cent RZD to either
15 or 25 per cent RZD by realistically adjusting other
aquifer parameters. Further, it is possible that some
models are not sensitive to changes in RZD, such that
large changes in RZD may not result in large changes
in salt loads.
Groundwater modellers could undertake
more detailed sensitivity analysis of the range of
assumptions by defining ranges of credible values.
However, this notion has not been well received by
the modellers consulted. Current resourcing and
operating deadlines were not seen as adequate
or practical for undertaking comprehensive sensitivity
testing. Further, the benefits of establishing whether
additional detailed modelling is likely to provide better
estimates of the impacts of RZD changes on river
salinities was seen as a necessary first step.
A workshop held in Narrabri (NSW) addressed the
implications of RZD in both dryland and irrigated
regions (Silburn et al., 2003). It emphasised the
ongoing need to bring together the various disciplines
to discuss key issues.

5.2

Overall Messages

The study identified the following main points of
consensus among the experts:
• Leaching is essential – there is a practical/
theoretical minimum amount of water that needs
to be applied to leach salt from the root zone,
which primarily reflects the salinity of the source
water;
• Efficient practices are becoming the ‘norm’,
resulting in substantially reduced RZD compared
with the past practices;

Irrigated Agriculture in the Mallee

• Irrigators increasingly aspire to minimise RZD as
water wastage is a direct cost; however, it is only
in Victoria that the cost implications of RZD to river
salinity are levied to irrigators and then only to new
developments;
• Some Mallee horticultural crops thrive at near
optimal RZD for leaching (eg wine grapes) whereas
others are more sensitive to water stress – this
results in a tendency to over-water and generate
excess RZD (eg nuts, table grapes and all young
plantings); accordingly not all irrigation achieves
the optimum RZD over both the short- and longterm; and
• Aspects other than RZD may be more critical
to the overall confidence of salinity impact
assessment. In particular the ability of the
floodplain to buffer instream salt accessions is
becoming increasingly evident; albeit, at great cost
to floodplain health.
The study identified the following main points of
contention among the experts:
• Some salinity practitioners argue that RZD is the
most critical aspect of irrigation accountability in
the context of the BSMS; while others focus on
matters mostly relating to the pathways to the
river and en route losses/delays;
• Some experts suggested that groundwater
models are at the limit of their usefulness in
deriving impacts arising from small changes in
RZD versus the requirement for groundwater
models to incorporate shallow watertable and
unsaturated processes in the irrigation areas, the
dynamic response to fluctuating river levels and
evapotranspiration from the floodplain;
• Some experts suggested that the level of
uncertainty surrounding RZD impacts on river
salinity as derived by groundwater models is so
great that there is no benefit in measuring RZD
any more accurately;
• The emphasis on the role of soils in the theoretical
assessment of required or actual RZD differed
greatly between practitioners;
• Irrigation intensity (ML/ha) is surprisingly
variable, even on similar crops, and some experts
suggested that it is a more important factor than
RZD, which is only a small percentage; and
• The current level of dialogue between modellers,
researchers, irrigation practitioners and policy
advisors is considered inadequate by some
informants.
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6. Key Findings
A number of overarching findings emerged from
reviewing the literature and consulting with
the various expert groups in relation to RZD
management, direct and indirect evidence of RZD
measurement, RZD surrogates, spatial data and
groundwater modelling. These findings are also
informed by the preliminary outcomes of the
groundwater modelling issues paper by Evans (2007).

6.1

Root Zone Drainage Management

Existing research information on irrigation, crop and
water management demonstrates that it is possible
for irrigators to generate viable crops with minimal
excess drainage. They are able to use the available
irrigation water productively through using scientific
data to achieve optimal leaching practices and
utilising natural rainfall during the dormant season
for leaching. This represents a win-win opportunity
for both irrigators and the river.
A logical framework has been developed for
quantifying ideal leaching requirements. The
framework accounts for prevailing instream salinity
(irrigation source water) and is based on data relating
to salinity tolerance thresholds for specific crops
(Biswas et al., 2007). Leaching salts from the root
zone is, however, only one aspect of good irrigation
practices. In terms of crop productivity, avoiding
water stress during critical growth stages is probably
more important. What is not clear from the research
is the degree to which irrigators are actually achieving
optimal water use.
As quantifiable assessments are needed to
substantiate Salinity Register entries, a range
of credible RZD values for each of the assessment
scenarios are needed. These values should be
negotiated with a cross-section of experts. While
this range may be relatively broad initially, further
field data collection and analysis may enable this to
be narrowed with time.

6.2

Direct Evidence of RZD
Measurement

Despite substantive agronomic research examining
irrigation practices being undertaken internationally,
nationally and within the Mallee region, the
quantification of RZD has been addressed in relatively
few studies. Most literature examines steady-state/
equilibrium situations and usually at a very local
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scale (plant/plot/paddock). There have been many
field trials of individual tools/probes and analytical
algorithms, and some attempts to extrapolate RZD
to a district scale.
The consensus of opinion (of those interviewed) is
that there are techniques that can be used to produce
point-scale estimates of RZD. However, a consensus
has not been reached on the validity of up-scaling
these RZD estimates to the regional or district scale.
Agronomic research undertaken within the Mallee
region has drawn from national and international
experiences, as well as developed unique approaches.
Many researchers concur that applying a range of
tools and analytical methods to particular situations
has produced credible results. However, results from
many trials have been dismissed due to significant
errors. Methods that allow for many sampling sites
and frequent observations are favoured.
Collectively, RZD estimates for the Mallee region
are wide-ranging (-16 to >100 per cent of applied
water). This makes it difficult to justify the RZD
term currently used in the BSMS models.
Gross assumptions also apply in the case of the
district irrigation crop water balance approach and
district scale groundwater mass balance approach
(using transient groundwater models). Accordingly,
it may be concluded that there is no single approach
that can usefully up-scale point estimates to the
district scale in the context of irrigated horticulture
in the Mallee region.

6.3

Indirect Evidence of RZD
Measurement

The research indicates that direct measurement
of RZD at district scale is impractical, and perhaps
impossible, with currently available techniques.
Research on indirect methods suggests that they
are informative, but insufficiently robust to provide
reliable quantitative values for the purpose of
conducting salinity impact assessments for
the Salinity Registers.

6.4	RZD Surrogates
It seems that there is no unique method that provides
a scientifically validated approach to measuring RZD
at a district scale. It is therefore necessary to consider
using surrogates. This approach has long been
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applied. WUE is an example of a surrogate – ie that
good practice irrigation is likely to achieve at least
85 per cent Ea resulting in 15 per cent or less RZD.
In using surrogates there are issues of scale (local/site
and district) and methods that need consideration.

absolute RZD estimate. It has the added benefit
of encouraging irrigators to benchmark their water use
practices against similar properties in the district, and
lead to real reduction in RZD through practice change

Local or Site Scale
It is possible to analyse local water balances using
the existing network of 7500 capacitance probes;
although there is some doubt around vertical
permeability assumptions. The widespread availability
of, and willingness to share, this data for district scale
analysis presents a real prospect for demonstrating
optimal RZD rates and crop productivity.
Irrigation Record-keeping and Evaluation System
(IRES) software may be used to compare the data,
and refine weather-based daily water balance.
In the case of two case studies of Land and Water
Management Plans, properties using IRES cover
60-70 per cent of total irrigated lands. Confidence
in field application efficiency (Ea) – and therefore
implied RZD – produced by weather-based daily water
balance may be achieved by combining measured and
modelled water balance.
Leachate samplers are an integral part of efficient
irrigation management, and may be used in
combination with capacitance probes and IRES.
While these samplers are used to monitor nutrient
movement and avoid salt accumulation in the root
zone, the data they generate may also be used
to minimise RZD. In addition, they can also provide
useful data for input to soil salinity and water
balance models.

District Scale
The collation of water consumption data aligned
to crop surveys provides a reliable estimate of water
application intensity across a district. RZD can be
estimated when this is related to theoretical crop
water demand. This process can be greatly improved
by using daily irrigation records kept by irrigators
rather than quarterly or annual meter readings
recorded by water management agencies.
Ea calculations at a district scale have been trialled
in two Land and Water Management Plan case
studies. IRES software was used by irrigators to
calculate Ea for all irrigation valve units within
each property. This data was subsequently compiled
to produce an average district value. This approach
provides a good guide to district variability and year-toyear improvements, without necessarily providing an
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Riverland-SA irrigators participating at an IRES
training course. ©Tony Adams, Primary Industry
& Resources–SA

Methods
WUE indicators produced on monthly or annual
scales are useful for benchmarking and raising
awareness about efficient water use. However,
Ea is the only potential irrigation efficiency indicator
that is suitable as a surrogate for RZD. Deriving
RZD from weather-based daily water balances
presents limitations because crop coefficients
(which are based on theoretical crop water demand
in non-limiting conditions) do not reflect the diversity
of crop production systems across the Mallee.
Each crop has a range of optimum water uses
depending upon the intended market. For example,
3-9 ML of water may be applied to a hectare of
vines depending upon the end use of the grapes.
Crop layout and spacing also varies between
properties, as well as cover crops between rows.
Using Ea as a surrogate for RZD (RZD equals one
minus Ea) should therefore be accompanied by
site-specific in-situ measurements and analyses,
and correlated with other crop water use studies.
In addition to Ea, other variables need to be
considered when estimating RZD that represent
the relationship between actual losses, the pathway
for those losses and the systems of water application.
For example, overhead sprinklers lose a lot of
water directly to evaporation, whereas underground
sprinklers could be expected to deliver the maximum
water to the roots with minimum losses to leaf or soil
evaporation. The research literature provides little
data in this regard.
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Irrigator behaviour and management offer a potential
indicator of irrigation efficiency. This is based on
the premise that irrigators who apply high levels
of management are more likely to match their
watering schedules with crop water requirements.
RZD is therefore likely to be minimised and within
the limits adopted by modellers. Implementation of
technologies and management may be objectively
scored using an auditable Code of Practice and
associated checklist. This approach is under
investigation in the Riverland (SA).

6.5

Spatial Data

The ability to collect, collate and analyse data across
property, district and regional scales has improved
significantly in recent years. Property management
plans and surveys are increasingly available and can
provide RZD surrogates to support the adoption
of best practices.
The most useful data accessed by state agencies
is: (a) at a district scale, where data is collected on
an annual basis through interview/survey techniques
(eg Adams et al., 2004) and applied at a district
scale (eg SunRise 21, 2006), and (b) at a subdistrict/
property scale where data on the water applied at
a patch scale is compared with weekly estimates of
crop coefficients, and with observations from IRES
instrumentation on individual properties (Adams et
al., nd).

6.6	Groundwater Modelling
Groundwater models are tools by which changes
to the irrigated environment are mapped into future
river salinity levels. RZD is only one of the variables
in the irrigated environment, and is an input to
groundwater models. The models themselves
are therefore not suitable as predictors of RZD
itself. RZD rates are generally averaged over both
space and time, and the models are not sensitive
to small changes in RZD rates. Most models change
RZD in 5 per cent increments. RZD appears not to
be a sensitive parameter in the calibration of the
models. A model may be able to accommodate many
RZD values for the calibration period for a different
(but still plausible) set of the aquifer parameters.
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7. Implications for the BSMS
This literature review and associated consultation
with experts helps to provide clarity for using RZD
estimates in the context of implementing the BSMS.

7.1

Salinity Registers and
Operational Protocols

The Authority’s Salinity Register is the agreed means
for salinity accounting. Register entries are based
on modelling outcomes, which are reliant upon
assumptions relating to RZD. To date, WUE has
been the only practical way of generating spatial
and temporal RZD input data. This has necessarily
involved some compromises. In the process, the
irrigation community has developed awareness
and skills about managing water more efficiently.
There is scope to refine and roll out district scale
survey techniques, and to introduce more robust
methods for validating RZD assumptions, particularly
in the case of utilising water use practices as a
surrogate for RZD assessment. More transparency
is needed on how these assumptions are applied
to models and subsequently in the Salinity Registers.
This may be achieved in part through revising the

Operational Protocols in the future to include the
irrigation salinity assessment framework currently
under development by the Authority.
Appendix A outlines the classes of data and
information that need to be considered in
assigning RZD values as inputs into groundwater
models. It may be used in an updated version of
the Operational Protocols and/or to support the
emerging irrigation salinity assessment framework.

7.2

Irrigation Practices

The literature does not provide evidence that can
be directly translated into spatially and temporally
variable RZD values for adoption by groundwater
modellers. Nevertheless, the following logic with
respect to irrigation practices emerges:
• Highly efficient irrigation is increasingly practised
in the region that allows for minimal RZD for
removing the salt present in irrigation water,
noting that:
• river salinity varies; generally increasing
downstream and at times of low flow following
recent flooding events;

One of 28 Salt Interception Bores at Waikerie, SA. There are 13 salt interception schemes along the Murray
intercepting around 500,000 tonnes of salt per year. © Phil Pfeiffer, MDBA
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• leaching requirements vary for different crops;
vines are less sensitive to root zone salt than other
horticultural crops; productivity of crops such as
stone fruit, nuts and vegetables is more sensitive
to water stress than wine grapes, so the likelihood
of over-watering is greater;
• a matrix of ideal water application rates and
leaching requirements that account for these
factors can be established, which are dependent
upon local instream salinity and crop sensitivity;
• a range of ‘ideal RZD’ rates varying from 5-10 per
cent for most crops across most of the region has
been suggested (Biswas et al., 2007) (see Appendix
B); noting that irrigators will respond to increases
in source water salinity by changing leaching
practices; and
• RZD ranges to be adopted in salinity impact
assessments should be validated through further
discussion among researchers and practitioners.
• RZD reductions over time resulting from improved
irrigation practices result in lower recharge
rates (see Appendix C), but the relationship is not
necessarily linear and needs consideration of:

Groundwater modellers need to know the extent
to which ideal RZD values are being achieved now
and how these have changed over recent decades,
noting that:
• comparative measures of irrigation practices are
increasingly available at district scales (Meldrum
et al., 2004), including water use intensity (ML/ha)
and irrigation WUE (eg 85 per cent or better), and
can provide empirical evidence to justify modelling
input assumptions; and
• survey results indicate that data is available for
many districts and an increasing proportion of
properties are attaining 85 per cent WUE; however,
the results are unlikely to be representative in
the current period of drought and low allocation.
• RZD pathways to the groundwater and river have
implications for the volumes and timing of water
that recharge regional aquifers (see Appendix D),
and needs consideration of:
– perched watertables and shallow lateral flow;
– subsurface drainage systems; and
– time lags for the recharge process.

• available evidence that prior RZD reached
regional aquifers; a precautionary approach should
be taken (accounting for the risk of overstating the
benefits of improved irrigation practices);
• the implications of any prior perched watertables
and actual flows leading to discharge away from
the regional aquifer; and
• pre-existing subsurface drainage systems that
would have diverted much of the excess drainage
water away from regional aquifers.
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8. future research
Many research papers identified the need for further
studies; most often with respect to methodology
validation in different sites and under different
circumstances.
The literature identifies several opportunities for
further agronomic research to improve understanding
of RZD in the Mallee. Point-based studies could be
used to conduct a wide survey of irrigated areas
to rank RZD according to soil type, crop type and
irrigation practice. However, expensive agronomic
research is unlikely to provide a methodology that
can be rolled out at district scale.
Improving collection of district scale data and
analysis techniques to a common and best standard
may present the highest value area for investment
– in particular, correlating water consumption at a
property scale (ML/ha) together with descriptions of
crops and irrigation management systems (Et using
crop coefficient for each crop). Paddock scale losses
to evaporation (leaf and soil), accounting for different
on-farm irrigation systems and losses, require
clarification before RZD surrogates can be finalised.
Recent studies involving chloride tracers measured
down the unsaturated profile, together with mass
balance calculations based on hydrochemical
analyses, offer potential for assigning more
precise values of vertical hydraulic conductivity
for Blanchetown Clay at specific locations. However,
many more sites would be needed to provide district
scale estimates.
Some form of independent validation is also required.
This validation could be in the form of hydrochemical
mass balance work, mentioned above, but applied
more broadly to all components of the district scale
water balance.
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9. Recommendations
These recommendations focus on initiatives
that the Authority may adopt, influence or fund,
and that will improve confidence in salinity impact
assessments and, consequently, Salinity Register
entries. They have received general support from
some of the experts consulted in this study.
Some agronomic researchers suggest more
support for field research than is recommended here.

9.1	Critical and Short-term
Opportunities
Operational Protocols
(1) The BSMS Operational Protocols should be
reviewed and revised to provide specific default advice
on RZD assumptions for each assessment scenario.
RZD is an independent input attribute that warrants
specific analysis using agronomic data and informed
by the expertise of irrigation practitioners.
Implementing this recommendation is anticipated to
produce consistent input assumptions in each of the
five scenarios of model/assessment.
(2) Impact assessment reports should include an
analysis of detailed irrigation and drainage records.
There is a minimum ideal RZD (leaching) requirement
for each crop and irrigation regime. However, other
justifications for using more than the minimum
leaching need to be recognised.
Implementing this recommendation is anticipated
to establish transparent RZD assessments based
on river salinity (irrigation source water), crops,
systems and management objectives, together
with acknowledgement of minimum RZD for good
irrigation practices (including leaching, water
stress avoidance, and optimal crop yields, quality
and timing).
(3) The extent to which good practice is actually
achieved should be quantified using district scale
irrigation performance reporting.
Implementing this recommendation is anticipated to
acknowledge the range of irrigation practices in each
district, based on performance reporting.
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9.2

Medium and Long-term
Opportunities

Regional/District Scale Monitoring,
Reporting & Interpretation
(1) District scale reporting methods should be
adopted in collaboration with the states. Interpreted
data should be accessible to BSMS related studies,
including crop mix, water consumption, irrigation
practices, soil water monitoring data, leachate
concentration, drainage flows and groundwater
responses. Improved and validated analytical
algorithms should be developed to translate the
data into meaningful spatial and temporal inputs
into the models. Remote sensing using air
photography surveys, linked to on-farm crop and
system surveys and water consumption records,
should be accelerated to provide inputs into district
scale data interpretations.
Implementing this recommendation is anticipated
to accelerate the roll out of district scale irrigation
monitoring and reporting; taking account of salinity
risk management for prioritisation and improved
appreciation of BSMS accountability requirements.
(2) Model predictions and implications for instream
salt loads should be revised based on:
• documented agronomic advice regarding past
practices and RZD assumptions;
• recognising the uncertainty and temporal
changes in the input parameters;
• a review of the storage potential in the
unsaturated zone;
• pathways to the river used within the current
models; and
• the assumptions used for history matching
(validation of modelled salt loads to the river with
changing irrigation practices over time), baseline
irrigation practices (current practices continued
without improvement) and improved irrigation
practices (improved practices since the
baseline date).
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Implementing this recommendation is anticipated
to support modelling with well-documented irrigation
and drainage history and current practices (even if
reliant upon anecdotal records rather than data).
RZD values, assumptions, implications of subsurface
drainage and lateral flow used within the models
will be made transparent, and enable RZD input
assumptions to groundwater models to be explicitly
endorsed.

Agronomic Study and Data Interpretation
Opportunities should be investigated to improve
district scale data collection based on a risk-based
approach, including:
• identifying water management regimes for
different crops (eg water stress constraints,
optimal crop quality and timing);
• reviewing and improving capacity to interpret
district scale data; and
• maintaining a watching brief on national/state
agency based field scale agronomic research
programs, with a particular focus on how the
results can be interpreted at a district scale.

Hydrogeologic Study and Data Interpretation
Hydrogeochemical tracer surveys at Bookpurnong
(SA) should be reviewed, accelerated and invested in.
Salt interception scheme investigations/ monitoring
should be encouraged to undertake shallow soil
moisture/salt accumulation surveys within the
partially saturated and perched water zone.
Implementing this recommendation is anticipated
to improve the value of the Authority’s investments
in drilling and monitoring programs for all Salinity
Register entries not just salt interception schemes.

9.3

Five Year Reviews

The above initiatives should be consolidated to
specifically address uncertainty issues. Groundwater
models with upper and lower bound assumptions
should be re-run to generate upper and lower bound
predictions and to assess the associated uncertainty
within the Salinity Registers. A benchmarking study
of the irrigation reporting standards and district scale
data taking into account salinity risk should
be initiated.

Implementing this recommendation is anticipated to
improve and validate interpretations of farm to district
scale data including:

Implementing this recommendation is anticipated
to result in continuous improvement in:

• current good practice watering regimes, allowing
for salinity, water stress and optimal marketing of
products;

• confidence levels from reduced uncertainty;

• point source in-ground data (capacitance probes
and solute samplers);
• better correlation of theoretical lag time
algorithms with observed lag times based on
changes to substrata moisture storage; and

• data gathering/interpretation;
• sensitivity of Salinity Register entries to input
assumptions; and
• improved coordination of data gathering across
the three states.

• alignment of the Authority’s interests in salt
interception schemes and nearby irrigation
impacts over time.
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BSMS

Basin Salinity Management Strategy

CWUE

Crop Water Use Efficiency

Ea

Field Application Efficiency

EC

Electrical Conductivity

Et

Evapotranspiration

Eto

Reference Evapotranspiration

FAO

Food & Agriculture Organization of the United Nations

GIS

Geographic Information Systems

IAG

Independent Audit Group (for Salinity)

IRES

Irrigation Recording and Evaluation System

MDB

Murray-Darling Basin

MDBA

Murray-Darling Basin Authority

ML

Megalitre (1000 litres)

NPSI

National Program for Sustainable Irrigation

NRM

Natural Resource Management

NSW

New South Wales

RZD

Root Zone Drainage

SA

South Australia

SIMRAT

Salinity Impact Rapid Assessment Tool

SIS

Salt Interception Scheme

WUE

Water Use Efficiency
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GLOSSARY
Aquitards

Layers within the soil profile or stratigraphy that retard water infiltration
relative to adjoining layers.

Blanchetown Clay

A prevalent geological formation throughout the Riverland region
of South Australia and the Sunraysia region of New South Wales
and Victoria.

Brownfield Sites

Irrigation changes on land irrigated before 1988.

Capacitance Probes

A capitiance based probe used for the collection of real time soil
moisture data.

Chloride Front Displacement

Traces movement in chloride front with depth.

Crop Coefficient (Kc)

Commonly used (including in this report) as an abbreviated version of the FAO56
crop water use coefficient. It relates crop evapotranspiration (Etc) to reference
evapotranspiration evaporation (Eto) and is used for irrigation scheduling.

Darcy’s Flux

Flux calculated using at least two soil metric potential sensors or water
content sensors below the root zone.

Deep Drainage or Deep
Percolation

Synonymous with root zone drainage (RZD).

Drainage

Water collected by subsurface drainage systems and conveyed
elsewhere, thereby not becoming root zone drainage

Evaporation

Water lost to evaporation but not evapotranspiration, this includes losses
to the atmosphere from sprinklers, and from soil or leaf evaporation.

Evapotranspiration (Et)

Water demand by a plant during its life cycle.

Field Application Efficiency
(Ea)

Ratio between water directly available to the crop and that received at
the field inlet. Often inferred to be ‘irrigation water applied minus deep
drainage’ divided by ‘irrigation water applied’.

Flux

The amount that flows through a unit area per unit time. ‘Water flux’
is a volume, whereas ‘salt flux’ is a mass.

Geographic Information
Systems (GIS)

A computer-based tool used to capture, store, analyse, manage and
present data spatially.

Greenfield Sites

Irrigation development on land not previously irrigated.

Groundwater Infiltration
(Accession):

That water that passes both the root zone and any drainage system that
inevitably becomes recharge. Water that migrates laterally might become
accession elsewhere.

Groundwater Response

This term is used in conjunction with groundwater models. Drainage rate
equals increases in water height multiplied by aquifer porosity.

Improved Irrigation Practices

Irrigation practices have improved dramatically over the past 30 years or
so, resulting in more of the applied water becoming evapotranspiration
(Et) and less as root zone drainage (RZD).

Irrigation

The supplementation of natural rainfall using engineered infrastructure.
In the context of the Mallee region it usually represents the bulk of water
applied to the crop.

Lag Time

The time taken for root zone drainage (RZD) to transit the unsaturated
zone.
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Leaching or Leachate

Soil solution passing through the root zone carrying salts. It also refers to
a sample extracted from below the crop root zone.

Leaching Efficiency

The efficiency with which the leaching fraction mixes with salt when it
moves through the soil profile.

Lysimeter

A device to measure the quantity or rate of downward water movement
through a block of soil usually undisturbed, or to collect such percolated.

Perched Watertables

Water laying above an aquitard (typically Blanchetown Clay). This water
may migrate laterally, be collected by subsurface drainage systems
(including drainage bores) or move to a low-lying region (where it might
infiltrate, evaporate or capillary rise into root zones, evaporate or become
accession to groundwater).

Rainfall

Total rainfall measured by a rain gauge.

Recharge

Water that arrives at the regional watertable after some lag time.

Regional Aquifers

Contiguous layers of hydraulically conductive porous material capable of
transmitting water laterally (to the river).

Remote Sensing

In the context of this report, remote sensing refers to satellite imagery,
broad scale photography or airborne geophysical imagery.

Root Zone Drainage (RZD)

Applied water (including irrigation and rainfall) that is not used by the
plant and permanently drains below the crop root zone. In the case of this
report, RZD is specifically used to describe water that moves below the
root zone of irrigated crops.

Salt Balance

Salt applied with irrigation and rainfall compared with salt exported
(either below the root zone or to the river).

Saturated Aquifer

The saturated portion of an aquifer (the phreatic zone), as opposed to the
unsaturated portion.

Steady-state Chloride Mass
Balance

A summary of all salt inputs and outputs for a specified period of time.

Subsurface Drainage (System)

An engineered system designed to collect excess infiltration and avoid
shallow water logging. It intercepts root zone drainage (RZD) before it
becomes recharge.

Transient Chloride Mass
Balance

Compares time series or paired site chloride concentration profiles to
infer rate of water movement.

Transient Water Balance

Recharge inputs that are back calculated by groundwater modellers.

Water Balance

An assessment of water in the various pathways (at any scale) over time.

Watertable

The first aquifer layer encountered. It could be perched or regional

Water Use Efficiency (WUE)

This is a generic term covering a range of indicators often relating to
agronomic productivity. In this report, WUE focuses on the use of water
by evapotranspiration from irrigated crops compared with the water
supplied to the farm.

Zero Flux Plane

The soil depth where water is moving neither up (evaporation) nor down
(drainage) is classified as the zero flux plane and has a hydraulic gradient
of zero. If this depth can be found, any change in soil water content below
this point can be viewed as drainage.
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Appendix A
Establishing a district scale analysis for assigning RZD to a groundwater model
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Appendix B
Assigning minimum RZD for effective leaching
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Appendix C
Criteria for assigning RZD into Groundwater (GW) Models based on irrigation practice records
RZD irrigation practices scenarios
1. Irrigation History (ha; ML/ha)

Assign RZD over history

2. Current Irrigation (ha; ML/ha)
3. Prevailing River EC (average/peaks)

Changes in RZD over history

4. Minimum RZD for salt tolerance
Use irrigation salinity BMPs
5. Water stress sensitive crops
Crop – water stress criteria
6. Actual on-farm practices
Use district scale databases
Assign RZD at sub-district scales

Input into lag-time (SIMRAT)

Input into ModFlow GW Models
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Reduced
leakage /
overflows

Farm –
district scale
reporting

IIP on old plantings

Assumed Usage

Channel seepage;
Farm practices

Sleeper Water
Used

Trade /
Retirement

Rehab

New Development

Lateral flow

Existing Drains

Drying
drains?

Farm –
district scale
reporting

1988 – 2006
Practices

IIP Improved
Irrigation Practices

Use 10% for
greenfields

Only past unused ML

IDMP;
commitment

IDMP, commitment

Reduced leakage

Same area Evidence
on farm change

Assign past
future RZD

Trace water balance
inputs / outputs
storage over time

RZD
Assumptions
/ Issues

Current
Practices

Changed practices,
evidence reporting

Current practices

Changes in
pathways

Current crops

Changed
Practices

LoH2050

Channels / roster /
water on demand /
flood irrgn / pumping

Drainage;
Perched Cliff
seepage Drain bores

Changes in area;
Allocation; usage

Management
Practiecs

Drainage
Pathway

Crop Area ML/ha

Anecdotal Data

Key issues

Baseline 75 -00
History Match

Assessment
Purpose
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Appendix D

Recharge issues for salinity impact assessments
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