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Disclaimer: 
This publication is provided to you “as is” without the University of Adelaide and Industry & Investment 
NSW providing any warranties or representations regarding its fitness for any particular purpose.  
Whilst all reasonable efforts have been made to ensure the information provided is accurate and 
current, the University of Adelaide and Industry & Investment NSW cannot accept any liability for 
inconvenience, loss of any kind including direct, indirect or consequential losses that may result from 
the use of this publication.  The University of Adelaide and Industry & Investment NSW do not accept 
any liability for errors or omissions in the contents, however they may arise.  Use of the information 
contained in this publication is entirely at the risk of the user including interpretation of the information 
and its use in the business operations of the user.  
 
The product trade names in this publication are supplied on the understanding that no preference 
between equivalent products is intended and that the inclusion of a product name does not imply 
endorsement by The University of Adelaide or Industry & Investment NSW over any equivalent 
product from another manufacturer. 
 
This publication provides a general summary of some of the provisions of the Water Sharing Plan for 
the Lower Murray Groundwater Source under the Water Management Act 2000 as interpreted by the 
NSW Office of Water at the time of writing (November 2009).  Compliance with the Water 
Management Act 2000 and its subordinate legislative instruments is a legal requirement. This 
publication does not provide or purport to provide legal advice. Users are reminded of the need to 
ensure that information upon which they rely is up to date by checking the currency of the information 
at the NSW Office of Water website (www.water.nsw.gov.au) or with the users’ independent legal 
adviser. 
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Why you should use this manual 
The greatest benefit of having access to groundwater is that crops and pastures can be irrigated when 
surface water supplies are not available. 

However, this benefit comes at a price. 

Irrigating with groundwater is going to cost you a lot of money. If not properly managed, it may even 
cost you your farm. 

The cost of irrigating with groundwater has been estimated to be roughly twice the direct cost of 
pumping. It may, in fact, be considerably more, as this estimate does not factor in the loss of 
productivity which can occur if you do not manage your groundwater irrigation carefully. 

This hidden cost is due to the salt you are adding to your paddocks when you irrigate with 
groundwater. 

 

You are adding a lot of salt.  

• Irrigating a winter crop using 4 ML/ha of 1.5 dS/m (i.e. 960 ppm) groundwater will add 4 
tonnes of salt per hectare to your paddock in a year. 

• Using 16 ML/ha of the same water to grow rice will add 15 tonnes of salt per hectare in a year. 

That is the amount you add in only one year. How many years have you been using your bore? 

 

The salt you add to the soil in your paddocks may not be a problem if: 

• your water is of reasonable quality (< 2.3 dS/m), 

• your soils are permeable,  

• you apply enough water to keep washing the salt below the root zone, and 

• leaching of salts from the root zone is not prevented by a high watertable. 

 

If you have water moving past the bottom of the root zone, you will be leaching salts from the soil 
profile and you shouldn’t have any major problems - provided you don’t let the sodium in the salt, 
which is mainly sodium chloride, accumulate on the clay particles in your soil. 

Too much sodium (and not enough calcium) will cause the clay particles in the soil to separate and go 
into solution (or disperse) when the soil is wet. This is likely if sodium rich soil is wet by fresh water 
(channel water or rainfall) after a prolonged period of groundwater irrigation. 

The dispersed clay particles block soil pores and this dramatically reduces the rate at which water can 
pass through the soil. When this happens, leaching is greatly reduced and salts will accumulate in the 
soil profile, potentially to levels that severely limit plant growth and productivity. 

Once soil permeability is lost, it is very difficult and costly to reclaim. 

It is far easier, and more cost effective, to prevent this happening.  

The best way of preventing sodification, structural collapse and then salinisation of the soils you 
irrigate with groundwater is to monitor their salt and sodium levels and then act to make sure that 
these remain below levels where damage is caused and productivity is affected. 

This Manual is a “recipe” book – it has been designed to show you how to test you soils and 
groundwater so that you can monitor their condition and then change your water and paddock 
management (based on the information these tests provide) to prevent the loss of the productive 
capacity of your soil. 
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How to use this manual 
This Manual has been written in two parts.  The first part (Sections 1 to 5) provides background 
information on the groundwater and soils of the region, together with advice on how to manage 
groundwater irrigation and soils in the predominantly irrigated farming systems in the Murray Irrigation 
Regions. These Sections are intended to be used as reference material for the later testing, 
interpretation and management Sections.  

In Section 6, simple methods for testing water and soils are described which groundwater irrigators 
can use to test and monitor their water quality and soil health.   

Section 7 describes how to interpret the results of soil and water testing. 

Appropriate management actions based on the outcomes of these tests are outlined in Section 8. 

The process for monitoring and testing your soils described in this manual is summarised below.  

If you already irrigate with groundwater, then we suggest you start with Section 6, 7 and 8 and start 
testing. If you are thinking about putting in a bore, then read Sections 1 to 5 to help with your decision. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Step 1: Establish a monitoring program 
‐ Select sites (see Section 6.4.1) 
‐ Keep records of soil and water tests 
(photocopy and use the forms in this manual)

Step 2: Sample and test your groundwater (Section 6.3) 
a) Sample 1) lab test - when bore is commissioned  

- every 3 years OR if salinity changes 
2) on-farm test - at start of season then every month 
- when mixing waters OR using re-cycled/stored water 

b) Obtain samples at bore(s) & at entry to paddock, particularly if mixing supplies 
c) Test for EC, pH and SAR 

Step 3: Sample and test soil samples (Section 6.4) 
a.) Sample: - annually if irrigating summer crops 

‐ every 3 years if irrigating winter crops 
b.) Obtain 3 soil samples at each site (see Section 6.4.1) 
c.) Assess texture (Section 6.4.2) – only needs to be done once at each monitoring site 
d.) Test soil for EC1:5, pH1:5 and SAR – send samples to lab OR follow procedures in Section 6.4

Step 4: Consider crop and pasture characteristics, particularly salt tolerance 
Use the worksheets in this Manual to determine the average root zone salinity. 
Compare average root zone salinity levels with threshold levels in Table 7.4 

Step 5: Determine the actual leaching fraction 
Use the worksheets in the Manual (Section 7) 

Step 6: Estimate the effects of irrigation water sodicity on soil behaviour 
Carry out the dispersion tests described in Section 6.4.5 if you are changing from 
higher to lower salinity waters (e.g. back to channel water OR mixing supplies) 

Step 7: Decide on the most appropriate management actions 
See Section 8 



v 

Contents 
WHY YOU SHOULD USE THIS MANUAL ............................................................... III 

HOW TO USE THIS MANUAL ................................................................................. IV 

GLOSSARY OF TERMS .......................................................................................... IX 

1. INTRODUCTION ................................................................................................. 1 

2. SOILS & GROUNDWATER IN THE MURRAY IRRIGATION REGION .............. 2 
2.1 Geomorphology ................................................................................................................. 2 
2.2 The groundwater resource ............................................................................................... 5 

2.2.1. Shallow bores and spear points ...................................................................................... 9 
2.2.2. The deep groundwater resource ................................................................................... 10 
2.2.3. Groundwater status and key emerging issues .............................................................. 11 
2.2.4. Key contacts and sources of information ...................................................................... 15 

3. SOIL PROBLEMS ASSOCIATED WITH GROUNDWATER IRRIGATION ...... 16 
3.1 Salinity .............................................................................................................................. 16 

3.1.1. Measurement of soil salinity .......................................................................................... 16 
3.1.2. The effect of salinity on plant growth ............................................................................ 17 
3.1.3. Sources of salinity ......................................................................................................... 19 
3.1.4. Management of soil salinity ........................................................................................... 21 

3.2 Sodic Soils ....................................................................................................................... 21 
3.2.1. Measurement of soil sodicity ......................................................................................... 22 
3.2.2. The effect of sodicity on soils and plant growth ............................................................ 23 
3.2.3. Managing sodic soils ..................................................................................................... 24 

3.3 Alkaline Soils ................................................................................................................... 25 

4. GROUNDWATER QUALITY IN THE MURRAY IRRIGATION REGION .......... 26 
4.1 Salinity of irrigation water .............................................................................................. 26 
4.2 Sodicity ............................................................................................................................. 29 
4.3 Acidity or alkalinity (pH) ................................................................................................. 29 
4.4 Residual sodium carbonate ........................................................................................... 30 
4.5 Specific ion toxicity ......................................................................................................... 31 

5. MANAGEMENT OF GROUNDWATER FOR IRRIGATION .............................. 33 
5.1 Principles of groundwater management for irrigation ................................................ 33 

5.1.1. Irrigate more frequently ................................................................................................. 34 
5.1.2. Use extra water to control salinity by leaching .............................................................. 35 
5.1.3. Choose the best irrigation method for the conditions ................................................... 35 
5.1.4. Mix water supplies ......................................................................................................... 36 
5.1.5. Cultural practices, including applying gypsum .............................................................. 36 

5.2 Groundwater management in specific farming systems ............................................ 37 
5.2.1. Rice ............................................................................................................................... 37 
5.2.2. Perennial pasture and summer crops (non-rice)........................................................... 38 
5.2.3. Winter crops and pastures ............................................................................................ 39 

 

 



vi 

5.3 Irrigation systems ............................................................................................................ 40 
5.3.1. Surface irrigation systems - general ............................................................................. 40 
5.3.2. Surface irrigation systems – contour basins ................................................................. 41 
5.3.3. Overhead (sprinkler) irrigation systems ........................................................................ 42 
5.3.4. Sub-surface and drip irrigation systems ........................................................................ 43 

6. ON-FARM TESTING & MONITORING OF GROUNDWATER & SOILS .......... 44 
6.1 Introduction ...................................................................................................................... 44 
6.2 Before you begin ............................................................................................................. 45 

6.2.1. Contents of the Test Kit ................................................................................................. 45 
6.2.2. EC and pH meters ......................................................................................................... 46 

6.3 Assessing groundwater quality for irrigation .............................................................. 47 
6.3.1. Sampling methodology .................................................................................................. 47 
6.3.2. Sampling frequency ...................................................................................................... 47 
6.3.3. Measuring irrigation water salinity and pH .................................................................... 48 
6.3.4. Measuring the sodicity hazard of irrigation water ......................................................... 48 

6.4 Assessing your soils for salinity, sodicity and alkalinity ............................................ 49 
6.4.1. Soil sampling ................................................................................................................. 49 
6.4.2. Determining soil texture ................................................................................................ 51 
6.4.3. Preparation of soil samples for testing .......................................................................... 53 
6.4.4. 1:5 soil:water suspension for analysis .......................................................................... 53 
6.4.5. Measuring sodicity with the dispersion meter ............................................................... 55 
6.4.6. Testing the effect of irrigation water on soil structure ................................................... 56 
6.4.7. Measuring soil salinity and pH ...................................................................................... 56 
6.4.8. Determine the effect of gypsum in soil on measured EC1:5 .......................................... 57 

7. INTERPRETING YOUR RESULTS ................................................................... 58 
7.1 Interpreting your water test results ............................................................................... 58 

7.1.1. Salinity of your irrigation water ...................................................................................... 58 
7.1.2. pH of your irrigation water ............................................................................................. 58 
7.1.3. Sodicity of your irrigation water ..................................................................................... 58 

7.2 Interpreting your soil test results .................................................................................. 60 
7.2.1. Step 1:  Collect data ...................................................................................................... 61 
7.2.2. Step 2:  Calculate average root zone ECe and leaching fraction .................................. 61 
7.2.3. Step 3:  Assess root zone salinity levels ....................................................................... 63 
7.2.4. Step 4:  Assess the adequacy of leaching .................................................................... 64 
7.2.5. Step 5:  Determine the requirement for soil amendments ............................................ 64 

8. MANAGEMENT OPTIONS FOR AMELIORATION AND MITIGATION ........... 66 

9. FREQUENTLY ASKED QUESTIONS ............................................................... 67 

10. REFERENCES .................................................................................................. 71 

11. APPENDIX 1: SOILS OF THE MURRAY IRRIGATION REGION .................... 73 
Sandhill Soils ................................................................................................................................ 73 
Red Brown Earths ........................................................................................................................ 75 
Transitional Red-Brown Earths ................................................................................................... 78 
Self-Mulching Clays ..................................................................................................................... 81 
Non Self-Mulching Clays ............................................................................................................. 83 
 



vii 

List of Figures 
Figure 1.1 Groundwater use in the Lower Murray Groundwater Management Area of NSW. ........... 1 
Figure 2.1 The relationship between prior stream and soil type in the Riverine Plain of south eastern 

Australia. ............................................................................................................................ 2 
Figure 2.2 Soils of the Murray Irrigation region. .................................................................................. 3 
Figure 2.3 Location of the Lower Murray Groundwater Management Area, GWMA 016. .................. 5 
Figure 2.4 Diagrammatic cross-sections of the aquifer systems in the Lower Murray Alluvium 

between (top) Mathoura and Yarrawonga and (bottom) Balranald and Tocumwal 
showing formation boundaries and the distribution of groundwater salinities in the Calivil 
and Renmark Formations .................................................................................................. 6 

Figure 2.5 Change in depth to watertable in the Murray Irrigation region between July 1995 and 
August 2007. ...................................................................................................................... 9 

Figure 2.6  Figures showing the changes in groundwater pressures in the aquifers of the Lower 
Murray Groundwater Source. .......................................................................................... 13 

Figure 3.1  The relative water uptake by plants in non-saline (left) and saline (right) soils.  In the 
saline soil, the osmotic pressure associated with the salt reduces the pressure gradient 
between the soil and the root, reducing the flow of water into the root.  This reduces the 
water available to the plant for growth and yield. ............................................................ 18 

Figure 3.2 Shows the effect of salinity on the yield of crops. This figure is based on experiments 
growing wheat in sandy soil using nutrient solutions (Hogland Solutions) of different 
salinities. .......................................................................................................................... 19 

Figure 3.3 (A) Sodic soil showing signs of water logging and lack of structure (aggregation).  
(B) Ameliorated sodic soil (adjacent paddock) following treatment with gypsum and 
cropping. .......................................................................................................................... 21 

Figure 3.4 Formation of sodic soils: saline soil (left) is leached by rain and irrigation to form a sodic 
soil (right) dominated by sodium. ..................................................................................... 22 

Figure 3.5 Dispersion of sodic soils in water..................................................................................... 23 
Figure 3.6 Correction of sodic soil with the application of gypsum and/or lime. ............................... 24 
Figure 4.1  Frequency distribution showing the range in groundwater EC (dS/m) of groundwater 

sampled from investigation and production bores in the Lower Murray GWMA. ............ 26 
Figure 4.2 Salinity of shallow groundwater in Shepparton aquifer in the Murray Irrigation Region in 

2006 ................................................................................................................................. 27 
Figure 4.3 Groundwater salinity in the Calivil aquifer in 2002. .......................................................... 28 
Figure 4.4 Frequency distribution showing the range in SAR of groundwater sampled from 

production and investigation bores in the Lower Murray GWMA.   ................................. 29 
Figure 4.5 Frequency distribution showing the range in pH of groundwaters sampled from 

production and investigation bores in the Lower Murray GWMA. ................................... 30 
Figure 4.6  Residual sodium carbonate (RSC) of groundwater in the Lower Murray GWMA. The area 

where groundwater is likely to have a positive RSC is shown in red. ............................. 31 
Figure 6.1 Formation of a bolus and ribbon to determine soil texture. ............................................. 51 
Figure 6.2 Flow diagram to assist in determining soil texture. .......................................................... 52 
Figure 8.1 Scheme of different soil profile characteristics farmers are likely to encounter when 

analysing soil samples. .................................................................................................... 66 



viii 

List of Tables 
Table 3.1 Saline soil classes based of different soil textures and EC1:5 . ........................................ 17 
Table 3.2 Soil water suction (matric potential) at the bottom of the active crop root zone on deep, 

well drained soil when fertilised and well managed crops should be irrigated to achieve 
maximum yields ............................................................................................................... 19 

Table 3.3 The relationship between the salinity of irrigation water (dS/m), the irrigation application 
rate (ML/ha) and the amount of salt applied per hectare. ............................................... 20 

Table 3.4 Osmotic pressure caused by gypsum and sodium salts for different water contents. .... 20 
Table 3.5 Sodicity classification for Australian soils. ....................................................................... 23 
Table 4.1  Trigger values (mg/L chloride) for the prevention of foliar injury in crops of varying 

sensitivity due to chloride in irrigation water following sprinkler application. ................... 32 
Table 4.2  Trigger values (mg/L sodium) for the prevention of foliar injury in crops of varying 

sensitivity due to sodium in irrigation water following sprinkler application. .................... 32 
Table 5.1 Changes in EC and SAR when mixing different quality waters. ...................................... 36 
Table 6.1 Broad field texture classes. .............................................................................................. 52 
Table 6.2 The weight of soil (g) and volume of water (mL) required for making a 1:5 or a 1:2 soil to 

water mixture. .................................................................................................................. 53 
Table 7.1 Guide to permissible SAR of irrigation water to maintain a stable soil surface following 

heavy rainfall periods or irrigation with fresh water for soils in the Murray Irrigation 
Region. ............................................................................................................................. 58 

Table 7.2 Table showing categorisation of soils irrigated with groundwater based on their average 
root zone salinity (ECse) and leaching fraction (LF) at the bottom of the root zone found 
from Steps 1 and 2 (described on page 61). Further categorisation is based on the 
results of dispersion tests. Management actions for each category are summarised in the 
bottom row. ...................................................................................................................... 60 

Table 7.3 The relationship between ECse and EC1:5 for different soil textures. ............................... 61 
Table 7.4  Average root zone salinity thresholds (column 2 in orange) and irrigation water salinity 

thresholds based on soil drainage characteristics (columns 3 to 8 in blue) for surface 
irrigated crops and pastures commonly grown in the Murray Irrigation Region .............. 63 

Table 7.5 Interpretation table for the dispersion test. ...................................................................... 64 
Table 7.6 Interpretation table for pH test. ........................................................................................ 65 
Table 7.7 Soil dispersion and pH related to gypsum and lime application rates required for the 

correction of sodicity ........................................................................................................ 65 
Table 9.1 Gypsum rate of application for different soil textures, sodicity and alkalinity .................. 67 
Table 9.2 EC1:5 values related to the quantity of gypsum present in the soil, provided no other 

soluble salt is present. ..................................................................................................... 68 
Table 9.3 Limestone required (fine and NV > 95) to lift pH of the top 10 cm of soil to 5.2. Colour 

codes group limestone rates to the nearest 0.5 t/ha. ...................................................... 68 
 



ix 

Glossary of Terms 
Aggregate:  A unit of soil structure, usually formed by natural processes and generally < 20 mm in 
diameter.  Primary soil particles (predominantly silt and clay) combine to form secondary units 
(aggregates or clods). 

Anions:  Negatively charged ions. 

Aquifer:  A water-bearing rock formation capable of yielding useful quantities of water to bores or 
springs. 

Cations:  Positively charged ions. 

Dispersion:  The process in which compound particles (aggregates) breakdown into individual 
component particles allowing them to distribute through water. 

Dissolution:  The process by which a salt dissociates in a liquid (water) becoming its component ions 
with uniform distribution throughout the solution. 

EC:  Electrical Conductivity: EC is proportional to the total concentration of ions in soil solutions, and 
hence a measure of total soluble salt concentration. 

ESP:  Exchangeable Sodium Percentage, the extent to which the exchange complex (negatively 
charged sites) of a soil is occupied by sodium. 

Equilibrium (of groundwater):  A condition in which the amount of recharge to an aquifer equals the 
amount of discharge and extraction. 

Evapotranspiration:  The combined loss of water due to plant transpiration and evaporation from the 
soil surface. 

Exchange Complex:  The clay and organic substances in soils that are capable of adsorbing (storing) 
ions and molecules that are then capable of being exchanged by other ions and molecules. 

Fractured rocks:  Rocks in which spaces are created by fractures, joints and partings.  These provide 
groundwater storage and flow paths. 

Gravimetric Water Content:  The mass (weight) of water per unit mass of soil (g/g).  It is commonly 
expressed as a percentage. 

Groundwater:  All free water found below the watertable. 

Gypsum:  The common name for crystalline calcium sulfate (CaSO4.2H2O) used as a valuable source 
of calcium for addition to soils to improve structure. 

Hardpan:  A hardened layer of soil (often clay-rich) below the zone of cultivation, caused by 
cementation (chemical process) and/or extreme compaction (mechanical process) of soil particles.  
Hardpans may inhibit root growth and trap water, resulting in a waterlogged soil layer. 

Infiltration:  The entry of water into the soil and its downward movement through the upper soil 
layers. 

Ion:  An atom that has electrical charge due to the gain or loss of electrons. 

Leaching:  The downward removal of salts and other materials from the root zone caused by water 
passing through the soil. 

Matric Potential:  The energy by which soil water is held by soil particles.  This represents the energy 
required to be expended by plants to take up water from the soil.  Matric potential is always negative 
indicating that energy has to be applied to remove water from the soil. 

Osmotic Effect:  Reduction in the ability of plants to extract (suck) water from the soil as the osmotic 
pressure of the soil water solution (see below) increases with increasing salinity. 

Osmotic Pressure:  The pressure required to stop the movement of water from an area of low salinity 
(e.g. soil water) to an area of high salinity (e.g. within a plant cell) across a semi-permeable membrane 
(e.g. a cell wall). 

Percolation:  The movement (generally downwards) of water through the soil.  In field conditions this 
may lead to the movement of water to the watertable. 
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Phosphogypsum:  Gypsum formed as a by-product in the manufacture of phosphoric acid from rock 
phosphate. 

Piezometer:  A non-pumping bore used to measure groundwater pressure at a specified point in 
confined and semi-confined aquifers. 

Pressure Gradient:  The amount of pressure change over a given distance. 

RSC: Residual Sodium Carbonate: This is a measure of the precipitated calcium and magnesium ions 
from soil solutions and apparent changes in the ratio of sodium in relation to calcium and magnesium 
(SAR) in soil solutions. 

Salinity:  A measure of the concentration of water soluble salts in the soil solution or in water. 

SAR: Sodium Adsorption Ratio: This is the ratio of sodium in relation to calcium and magnesium in 
soil solutions or irrigation water. This indicates the adsorption of sodium by soils and hence the soil 
sodicity. 

Sodicity:  A soil property (soil constraint) expressed as the amount of exchangeable sodium relative 
to the cation exchange capacity of the soil. 

Soil Profile:  A vertical section of the soil through all its horizons (layers). 

Test well:  A non-pumping shallow bore used to measure pressure levels in an unconfined aquifer 
(i.e. the watertable) 

Watertable:  The upper surface of groundwater in an unconfined aquifer (i.e. it is at atmospheric 
pressure) below which the layers of rock, sand and gravel are saturated with water. 
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1. Introduction 
Groundwater use in the Lower Murray Groundwater Management Area of NSW has more than 
doubled since the early 1990s (Figure 1.1), from an average of 49.2 GL/year in the five year period 
1989/90 to 1994/95 to an average of 113.3 GL/year in the period 2004/05 to 2008/09 (Goode and 
Barnett 2008; M. Alamgir, pers comm.).  Groundwater irrigation contributed only about 4% to the total 
irrigated production from the NSW Murray Valley in the early 1990s.  However, this has risen to 
average over 10% since 1999/2000 and, in years of very low surface water allocations, groundwater 
contributes well over 30% and up to 80% of the income generated from irrigated agriculture in the 
region.  The gross value of irrigated agricultural production obtained from the current level of 
groundwater extraction (from both deep and shallow bores) is estimated to be $46.9 million/year 
(Australian Bureau of Statistics 2008).  These figures partly reflect the decline in availability of surface 
water and the greater reliance on groundwater over recent years, while also underlining the 
importance of groundwater in supporting economic activity in the region during times of drought. 
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Figure 1.1 Groundwater use in the Lower Murray Groundwater Management Area of NSW. (source: 
NSW Office of Water) 

Given current projections of climate change and reductions in run-off and water storage and the 
availability of surface water for irrigation (Murray-Darling Basin Commission (MDBC) 2005), it is very 
clear that groundwater use will become increasingly important for maintaining cash flow and 
sustaining farms and other businesses in the region during times of low surface water availability.  On 
the other hand, if the climate improves and the region returns to wetter conditions, then groundwater 
pumping will continue to be one of the major management tools for controlling district watertables and 
associated salinisation, other management tools including best management practices for surface 
water and construction of Stormwater Escape Channels (SECs). 

In the Murray Valley, groundwater contains salts, predominantly sodium chloride (NaCl), so these 
waters will increase both the salinity and the sodicity of the soils irrigated.  If not managed 
appropriately, there is potential for significant structural degradation from increasing sodicity and this is 
likely to lead to reduced permeability and a subsequent increase in soil salinity to levels that limit 
productivity.  This has the potential to severely degrade the soil, reduce the economic returns from 
groundwater use and threaten the continued use of groundwater extraction as a tool for managing 
watertables. 

This manual has been written to help irrigation farmers in the Murray Valley manage their groundwater 
to minimise salinity, sodicity and toxicity hazards and maintain the long term productivity of soils, 
irrigation infrastructure and groundwater resources. 
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2. Soils & groundwater in the Murray Irrigation Region 

2.1 Geomorphology 
The Murray Geological Basin occupies 300,000 km2 of south eastern Australia and is a low lying, 
saucer shaped basin composed of pre-Cambrian basement (granite) rocks.  It is a closed groundwater 
basin (i.e. it has no outlet) containing 200-600 m of unconsolidated sediment and sedimentary rocks 
and can be divided into two sub-regions on the basis of surface geomorphology and structural 
features: the Riverine Plain in the east and the Mallee in the west.  The Murray Irrigation region lies on 
the Riverine Plain, with a small area in the Mallee west of a line through Kerang and Moulamein. 

The major period of deposition (the “Prior Stream Era”) ended more than 40,000 years ago and 
occurred at a time when the climate was wetter.   Erosion of the Snowy Mountains by large, energetic, 
fast moving streams resulted in westerly flowing streams carrying high sediment loads.  These “prior 
streams” slowed down and deposited their sediments when they moved onto the western plains and 
lost energy.  These sediments filled in the Murray Geological Basin and formed the alluvial parent 
material of the Riverine Plain. 

The prior streams deposited sediment along their banks and near-levees, causing the rivers to occupy 
slight ridges.  These ridges formed from coarser sediment materials which dropped out of suspension 
during floods as water slowed when it left the main channel.  Finer sediments were carried further and 
deposited on the lower flood plains.  This resulted in a gradient in sediment size from the prior streams 
(coarse) to the far flood plain (fine), with loam topsoil becoming thinner, the topsoil becoming more 
clayey in texture and the depth of clay subsoil increasing with distance from the prior stream.  In drier 
times, sands were blown out of the prior streams and formed sandhills.  These features can be seen in 
the landscape today (Figure 2.1). 

Figure 2.1 The relationship between prior stream and soil type in the Riverine Plain of south eastern 
Australia. (source: from original drawing by G.G. Chapman, CSIRO, Griffith, NSW) 

As well as the reduction in sediment size away from the prior streams, sediment size decreases along 
the prior streams from coarse in the east to fine in the west.  This is seen in the location of the major 
soil groups on the Riverine Plains, with the lighter textured red-brown earths predominating in the east 
and the grey and brown soils of heavy texture predominating in the west (Figure 2.2). 

The interaction of this depositional history with a gradient in climate, from wetter and cooler in the east 
and south, to drier and hotter in the west and north, has formed soils and aquifers with the following 
characteristic properties that affect current day irrigated agricultural production on the Riverine Plain. 

Coarser, better drained soils in the east and south where rainfall is greater has resulted in: 
• better drained soils with low sodicity and salinity, 
• higher yielding aquifers with better quality groundwater. 

Finer textured soils with poor internal drainage characteristics in the west and north where rainfall is 
low has resulted in: 

• an accumulation of salts in soils which become dominated by sodium, 
• lower yielding aquifers with poorer quality groundwater. 
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Figure 2.2 Soils of the Murray Irrigation region. (source: Murray Irrigation Limited) 
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2.2 The groundwater resource 
The Lower Murray Alluvium is one of a number of regional aquifer systems within the Riverine Plains 
sub-region of the Murray Groundwater Basin.  For groundwater management purposes, the 
17,000km2 Lower Murray Groundwater Management Area (GWMA 016) is defined as the area 
bounded by the Billabong Creek and Edward River in the north, the Murray River from Corowa to the 
Murrumbidgee junction in the south and west, and the Corowa-Urana road in the east (Figure 2.3). 

 

Figure 2.3 Location of the Lower Murray Groundwater Management Area, GWMA 016. (source: NSW 
Office of Water) 

The Lower Murray Alluvium has three main hydrogeological units in GWMA 016 (Figure 2.4): 

1. Renmark Group (upper, middle and lower Renmark aquifers) – overlies the basement rock at a 
depth of about 140 m to 350 m below the ground surface.  It is a confined to semi-confined aquifer 
with a high yield potential but spatially variable water quality and consists of sand and gravel 
layers up to 40 m thick which are inter-bedded with clay and silt layers.  In the Berriquin and 
Denimein Districts, irrigators pump water from the Upper and Middle Renmark aquifers to a depth 
of about 300 m.  Groundwater salinity can be up to 3 dS/m.  In the Wakool and Deniboota 
Districts, the use of Renmark aquifers is less intensive due to higher salinity levels. 

2. Calivil Formation – overlies the Renmark Group between about 70 to 140 m below the surface, 
though the thickness is reduced in the east.  It is a confined to semi-confined aquifer under 
pressure and consists of sand and gravel layers interbedded with clay layers.  In the Berriquin 
Irrigation District, salinities in this aquifer are about 2.5 dS/m but, towards the west, salinities can 
increase to as high as 5 dS/m.  The majority of irrigation bores tap the Calivil aquifers because of 
their shallow depth compared to the Renmark Group.  In general, it is the highest yielding aquifer 
with the best quality water, except in the Denimein District where available bores suggest it is not 
as productive.  In some cases, irrigators obtain water from both the Renmark and Calivil aquifers 
(mixed waters) to increase the yield of the bore. 

3. Shepparton Formation – overlies the Calivil Formation and occurs from the near surface to a 
depth of approximately 70 m.  It is a shallow, sub-surface, unconfined (watertable) aquifer 
consisting of clay and silts interbedded with minor sand layers that is generally low yielding except 
for prior stream areas (depth <20 m), where comparatively fresher water with good yields can be 
found. 
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Figure 2.4 Diagrammatic cross-sections of the aquifer systems in the Lower Murray Alluvium 

between (top) Mathoura and Yarrawonga and (bottom) Balranald and Tocumwal 
showing formation boundaries and the distribution of groundwater salinities in the 
Calivil and Renmark Formations (source: R.M. Williams NSW Department of Water 
Resources, 1991) 
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These aquifers are recharged in the top-most Shepparton aquifer by deep drainage from rainfall, 
irrigation and river leakage. The Calivil aquifer gets recharged by downward leakage from the Lower 
Shepparton aquifer and some upward leakage from the Renmark aquifer.  The deepest aquifer, the 
Renmark, is recharged by downward leakage from the Calivil aquifer and by rainfall around its rim. 

The extraction of waters from these aquifers falls into two categories (see Box 1) under the ‘Water 
Sharing Plan for the Lower Murray Groundwater Source’ (see Box 2): 

1. Shallow groundwater from wells, spear points and bores less than 12 m deep. All the shallow 
groundwater under the Lower Murray Groundwater Water Management Area (GWMA 016; 
see Figure 2.3) is subject to an embargo which came into effect on the 8th of January 2004.  
This embargo declares the shallow groundwater in GWMA 016 as being in a Water Shortage 
Zone under the Water Act 1912. 

2. Deep groundwater from bores greater than 12 m deep.  The Lower Murray Groundwater 
Source (LMGS) is defined as all the waters deeper than 12 m below the ground surface that 
are contained in the aquifers within the geographical boundaries of GWMA 016 (see Figure 
2.3).  Bores that extract water from the LMGS are classified as deep bores and their use is 
regulated by the ‘Water Sharing Plan for the Lower Murray Groundwater Source’ (see Box 2). 

 

 

 
 
 

Box 1 

The diagram below shows three bores: bores A & B are 15 m deep and bore C is 100 m deep.  
Even though bore A only intercepts the Shepparton aquifer, it is considered a deep bore as it is  
> 12 m deep and it must therefore be licensed in line with the Water Sharing Plan for the Lower 
Murray Groundwater Source’.  Bore C is clearly a deep bore and it potentially intercepts water from 
all three aquifers. 
 

Shepparton 
Aquifer

Calivil Aquifer
Renmark 
Aquifer

Bore A

Bore B
Bore C

IMPORTANT: 
Anyone who takes any water for use in New South Wales is required to have the correct 
licenses and approvals to do so.  (There are some exceptions, such as where a household is 
taking water already connected to a town water supply.)  It is always advisable to seek 
information first, rather than to potentially act illegally.  Staff from the NSW Office of Water 
(contact details are given in Section 2.2.4) and the services and information provided on the 
website (www.water.nsw.gov.au) are the best sources of current information. 
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Box 2 The Water Sharing Plan for the Lower Murray Groundwater Source 
The Water Sharing Plan for the Lower Murray Groundwater Source (Water Sharing Plan) 
commenced on November 1, 2006 and will conclude and be replaced by another one on June 30, 
2017.  The Water Sharing Plan can be viewed on the NSW Legislation website (go to 
http://www.legislation.nsw.gov.au/maintop/search/inforce and search for ‘Water Sharing Plan for 
the Lower Murray Groundwater Source’). 

The following section is provided as general information only.  Anyone requiring information 
regarding groundwater licensing and management should contact their nearest NSW Office of 
Water (see Section 2.2.4).   

Sustainable limit  
The Water Sharing Plan (WSP) sets a sustainable limit on extraction that is allowed to be licensed 
to the Lower Murray Groundwater Source (LMGS).  This limit has been set at 83,700 ML.  This 
is a cap.  No more ML can be issued.  If someone wants to develop a bore for any reason, they 
have to use the market to buy groundwater entitlement from people who already have legal 
entitlements (formerly called ‘licenses’). 

Groundwater entitlements can be traded either on a permanent basis or on a temporary basis.  
For information on this it is always best to contact either the Deniliquin or Albury office of the NSW 
Office of Water to speak to licensing officials for further information (see Section 2.2.4). 

NOTE: Groundwater entitlements cannot be bought from outside the Lower Murray 
Groundwater Source to be used or traded to inside the Lower Murray Groundwater Source. 

The WSP also defines the environmental share of the aquifers.  In the LMGS, this is defined as a 
water level that will be achieved over the life of the WSP. 

Account management 
Every groundwater entitlement is accompanied by an account.  The account rules dictate how 
much can be used, kept in account, or carried over from one water year to the next.  A water year 
starts on July 1 and finishes on the May 30.  The account rules are complex and are usually 
specific to an entitlement holder.  The one rule that must be observed is: it is not permitted to 
use water over and above what is in account.  

Supplementary entitlements 
When the Water Sharing Plan commenced in 2006, the old Water Act 1912 Licences totalled 
approximately 264,000 ML.  With a sustainable limit of 83,700 ML under the new WSP, this meant 
that an adjustment method had to be found to convert to the new Water Management Act 
entitlements.  Included in the adjustment method was a supplementary entitlement which is 
designed to assist those with a history of groundwater extraction.  These supplementary 
entitlements reduce over the life of the Water Sharing Plan.  Supplementary Entitlements are 
not tradable. 

Restrictions 
Because groundwater extraction can affect those people or ecosystems that depend on it, there 
are restrictions to where bores can be sited.  When planning to construct a bore it is important to 
understand some of the restrictions that apply.  For example, a bore must not be constructed:  

• within 40 m of any river or creek; or 

• within 200 m of a significant wetland except where the bore is used to manage that 
wetland for ecological benefit. 

There are more restrictions than these and you should consult the Licensing staff at either the 
Deniliquin or Albury office of the NSW Office of Water (see Section 2.2.4) before drilling. 
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2.2.1. Shallow bores and spear points 
Groundwater that is accessed at depths of less than 12 m below the surface is often called shallow 
groundwater.  It is likely that this groundwater comes from the Shepparton alluvial water.   

The Shepparton aquifer is an unconfined aquifer, so the amount of water within the aquifer is indicated 
by the depth to the watertable.  There has been a marked decline in watertable levels over much of 
GWMA 016 since the mid 1990s (Figure 2.5).  The current embargo was put in place to make sure 
that the shallow groundwater source will remain sustainable and that no further major extraction would 
occur. 

 

Figure 2.5 Change in depth to watertable in the Murray Irrigation region between July 1995 and 
August 2007. (source: Murray Irrigation Limited, 2007) 

The embargo means that no further development of irrigation or production shallow bores, or spear 
points is allowed.  There are very few exceptions, for example, private domestic water supply bores, 
stock water supply bores not associated with feedlots, and the replacement of existing bores are 
exempt for example.  It is essential to check with NSW Office of Water personnel about specific 
examples. 

The use of and access to shallow groundwater outside GWMA 016 is subject to specific restrictions.  
Because all water use in NSW is subject to licensing conditions, it is essential to check with the 
relevant people for accurate information about specific issues (see Section 2.2.4). 

In general: 

• Pumping shallow groundwater can be undertaken by either a shallow bore or a spear point 
system.  A spear point system is a series of screened bores (or ‘spears’) connected to either a 
centrifugal or airlift pump by a connecting header-line. 

• For spear points, capital costs vary depending on the complexity of the system design, the 
number and depth of spears, the length of the header-line, the type of casing and screens 
used, the type of pump and motor and the cost of initial investigations (such as EM surveying). 
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• For shallow bores, capital costs vary depending on pumping capacity, bore and drilling depth, 
type of casing and screening materials used, and the pump type and power unit. 

• Typically the capital costs of installing shallow bores or a spear point system is between $25-
50,000, but this can vary quite significantly. 

• Maintenance costs are highly variable and depend on the quality of the materials and 
workmanship used in construction of the bore or spear point and the hardness of the water 
being pumped.  Periodic maintenance includes cleaning of screens, replacing worn impellers 
on pumps and de-fouling of bore casing (apart from the maintenance of the pumping power 
source). 

• The cost of pumping shallow aquifer bores is estimated to be $10-20/ML for diesel driven 
bores, down to $8-18/ML for 3 phase electrically driven units (based on 2009/10 prices). 

• Flow rates from the Shepparton aquifers are highly variable, depending on the size and 
conductivity of the permeable formations being pumped, but typically range from  
<0.5 – 2 ML/day. 

Further information concerning the likely capital and maintenance costs for installation and operation 
of shallow bores and spear points can be sourced from Industry & Investment (Primary Industries) 
Irrigation Officers, drilling contractors or the NSW Office of Water. 

2.2.2. The deep groundwater resource 
In general: 

• The majority of deep bores are sunk to depths of approximately 180-220 m (within the Calivil 
and Renmark aquifers).  However, there are a number of production bores in GWMA 016 that 
have been sunk up to 300 m. 

• Whilst the water extracted from deep bores is sourced from these depths, typically water is 
actually pumped from depths of 30-50 m (pumping head) because pressure within the aquifers 
‘pushes’ the water toward the surface. 

• Capital costs vary quite significantly depending on the depth of drilling, the size (capacity) of 
the bore and the type of casing material used.  Typically, they have been between $70,000 
and $200,000.  The type of power source driving the pump (electric motor or diesel/gas 
engine), or the cost of electricity connection, gas conversions and other infrastructure, also 
have a significant impact on capital cost. 

• Maintenance costs are highly dependent on the quality of the materials and workmanship 
used in construction of the bore and the harshness of the water being pumped.  Periodic 
maintenance includes cleaning of screens, replacing worn impellers on pumps and de-fouling 
of bore casing (apart from the maintenance of the pumping power source). 

• The cost of pumping deep aquifer bores is estimated to be $50-60/ML for diesel driven bores, 
down to $25-30/ML for 3 phase electrically driven units (based on 2009/10 prices). 

• Statutory water management charges applicable to the Water Sharing Plan for the Lower 
Murray Groundwater Source in 2009/10 included a base charge of $118.56, an access charge 
of $1.92/ML of entitlement or unit share and a usage charge $0.97/ML of usage.  Fees also 
apply for license applications for new bores.  For further information on applicable fees and 
charges, contact your nearest NSW Office of Water (see Section 2.2.4). 

• Flow rates from the Calivil and Renmark aquifers typically vary from 4-25 ML/day, dependent 
upon aquifer yield and pipe and pump size. 

Further information concerning the likely capital and maintenance costs for installation and operation 
of deep lead bores can be sourced from Industry & Investment NSW (Primary Industries), Irrigation 
Officers, drilling contractors or the NSW Office of Water. 
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2.2.3. Groundwater status and key emerging issues 
In the Lower Murray Groundwater Management Area (GWMA 016), less than average rainfall since 
the mid-1990s and a marked reduction in irrigation intensity since 2001/02 has resulted in: 

• an increase in groundwater extraction (Figure 1.1), 

• a decline in water levels in the Shepparton aquifer over much of the Lower Murray GWMA 
(Figure 2.5), 

• a significant (> 20 m) decline in groundwater pressure in the Calivil aquifer in an area between 
Deniliquin, Blighty and the Tuppal Creek (Figure 2.6 (i) & (ii) ).  

The drop in pressure in the Calivil (and Renmark) aquifer has reversed the previously upward 
hydraulic gradient between the Calivil and Shepparton aquifer which occurred over much of the Lower 
Murray GWMA until the late 1990s.  The hydraulic gradient is now downwards in many parts of the 
Lower Murray GWMA and, as pressure levels in the Calivil decline because of pumping, this gradient 
is increasing.  Consequently, the rate of leakage from the Shepparton into the Calivil is also 
increasing.  However, groundwater moves slowly between these aquifers, so there is a time lag 
between when groundwater is pumped from the Calivil and when it is replaced by increased 
downward leakage from the Shepparton.  The drop in pressure levels in the Calivil will continue until 
the increased leakage from the Shepparton reaches the Calivil, at which time a new equilibrium 
between discharge (pumping) and recharge will become established.  Evidence for the time lag effect 
is seen in the bore hydrographs which show some recovery in pressure levels in the Calivil during the 
winter period (Figure 2.6 (iii)).   

The most immediate consequences of this for groundwater irrigators have been: 

• an increase in pumping cost, 

• reduced flow rates, 

• drawdown in wells necessitating lowering of pumps, 

• drying of some shallow wells and spear points due to drought.  

As well as declining groundwater levels and the possibility that current levels of extraction will be too 
high if current climatic conditions persist, there are a number of related issues that could affect the 
sustainability of groundwater pumping in the Lower Murray GWMA.  These are: 

1. Resource salinisation 
Extraction of groundwater from an aquifer draws down the pressure in a cone surrounding the 
bore.  If the extraction exceeds recharge, the cone becomes larger until the rate of extraction 
(which reduces as pressure levels drop and water becomes harder to pump) equals the rate of 
recharge from surrounding areas (which increases as the pressure difference between the bore 
and the recharge zone increases).  If the area recharging the source area for the bore is saline, 
then the quality of the water feeding the bore will decrease.  Conversely, if the recharging water is 
of a better quality, then the bore water quality will improve. 

The Murray-Darling Basin Groundwater Status Report 2000-2005 (Evans 2008) notes that long 
term South Australian data suggests salinity is increasing in the Renmark Group.  In the Calivil 
Formation, pressures are falling faster than those in the Shepparton Formation, causing an 
increasing vertical hydraulic gradient between the two aquifers.  This has drawn water into the 
Calivil from the overlying more saline Shepparton Formation.  Groundwater salinisation has been 
identified as a future threat to the resource in the Calivil Formation. 

Time series data on groundwater quality has been lacking in the lower Murray GWMA, so it is 
difficult to say definitively what is happening.  However, surveys of groundwater quality were 
conducted in 1996 for the Murray Land & Water Management Plans (LWMP) (Gill and Joseph 
2000) and again in 2005 by the New South Wales Department of Natural Resources (M. Alamgir, 
pers. comm.).  These surveys show that where pumping has been excessive, changes in 
groundwater salinity of between +10% and -10% have occurred, with the direction of change 
depending on the quality of the recharging water. 

2. Mounding of watertables due to irrigation, leading to high watertables and salinisation 
In the past, irrigation created significant watertable mounds beneath irrigation areas developed on 
the Shepparton Formation.  The dry conditions since the late 1990s have resulted in reduced 
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irrigation application rates, reduced rainfall recharge and an increase in groundwater pumping to 
supplement surface water supplies.  These factors have combined to cause a general decline in 
groundwater levels, particularly within and around the margins of the large irrigation mounds.  The 
decline in pressures within the Calivil Formation (Figure 2.6), a largely confined subsystem, has 
reduced the immediate risk of salinisation from rising watertables. 

3. Surface salinisation 
Despite declining trends in most of the Lower Murray GWMA, groundwater pressures in the 
Shepparton and Calivil aquifers are still rising in an area east of Jerilderie and Berrigan (Figure 2.6 
(i) and (ii)) as a result of changed land management practices.  Pressure levels in this area are still 
relatively low compared with those in the west. 

However, this rise has occurred during a long period of below average rainfall and changes to land 
management are needed to prevent dryland salinity becoming a problem. 

4. Surface water, groundwater connectivity and impacts on aquifer recharge and streamflows 
Climate change, increased numbers of farm dams, bushfires, forestation, increased groundwater 
use and reduced return flows from irrigation have all been identified as key factors reducing the 
volume and quality of water available in the Murray-Darling Basin (Murray-Darling Basin 
Commission (MDBC) 2005).  The extent of the impact is uncertain, but the reduction in water 
volume over the next 20 years could range between 2,500 GL and 5,500 GL per annum.  The 
Groundwater Status Report 2000-2005 (Evans  2008) highlighted the reality of two of these risks: 
the decline in water levels in and around irrigation districts because of improved irrigation 
efficiency and reduced irrigation rates due to the drought; and the strong links between surface 
and groundwater in some areas. 

In their calibration of the Southern Riverine Plains Groundwater model, (Goode and Barnett 2008) 
found that, at 2004/05 rates of groundwater extraction of approximately 250 GL/year,  
42% (103 GL/year) of the current groundwater pumping, is sourced from surface waters (i.e. from 
reduced flow in rivers) within the model area.  This was considered a conservative estimate and it 
was found that if extraction rates were 50 GL/yr higher, then 58% of this additional volume 
extracted was sourced from loss of river flow.  The time lag associated with the impacts of 
groundwater pumping on stream flows varied on a scale from years to several decades, 
depending on the depth and location of extraction wells.  Under one scenario, the full impacts of 
all groundwater extractions are observed within 25 years. 

The threat of groundwater extraction impacts on stream flow is now influencing groundwater 
management decisions. 

5. Groundwater evapotranspiration and groundwater-dependent ecosystems 
Goode & Barnett (2008) also found that evapotranspiration (ET) of groundwater from forested 
areas, such as the Gunbower Forest, had a significant influence on groundwater levels.  ET 
proved to be the groundwater discharge process that was most sensitive to climate change.  
Decreases in recharge from rainfall were largely matched by decreases in groundwater ET from 
forested areas because less water was available.  This suggests that unless groundwater 
allocations are reduced in accordance with reduced rainfall recharge, it is possible that 
groundwater dependent ecosystems like the Red-Gum forests are likely to suffer from reduced 
water availability as a result of climate change.  Continued groundwater extraction at current rates 
will draw heavily on surface water resources and is possibly already impacting on groundwater 
dependent ecosystems. (Goode & Barnett 2008) 
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Figure 2.6  
Figures showing the changes in groundwater pressures in the 
aquifers of the Lower Murray Groundwater Source.  

(i) The change in pressure levels in the Calivil aquifer in the 10 
year period 1989 to 1999.  

(ii) The change in pressure levels in the Calivil aquifer in the 10 
year period 1999 to 2009. 

(iii) Hydrographs from monitoring bores in the east (top), centre 
(middle) and west (bottom) of the Lower Murray 
Groundwater (source: data provided by M. Alamgir, NSW 
Office of Water. Graphs generated by the authors) 
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6. Water accounting 
There are significant fluxes of groundwater beneath the Murray River in the Deep Lead aquifers.  
For example, there are high levels of groundwater extractions in the Lower Murray GWMA in New 
South Wales (~80 GL/yr).  In Goode & Barnett’s (2008) groundwater model, approximately 50% of 
this volume pumped (40 GL/yr) is drawn from groundwater resources to the north (from the 
Murrumbidgee Catchment) and from south of the Murray River.  This finding highlights the fact 
that neighbouring groundwater models constructed in the same aquifer will lead to significant 
accounting errors associated with groundwater fluxes across lateral model boundaries. 

Separate management systems exist for groundwater and surface water systems, even though 
the two are interconnected.  The implication of not recognising surface water – groundwater 
interaction and the continued development of groundwater is a reduction in river baseflow.  This 
may occur over months, or decades, or even longer.  The reduction in baseflow can significantly 
reduce streamflow, especially during the critical, low-flow dry season.  This in turn reduces the 
security of supply to surface water users and has a significant affect on the environment generally.  
Additionally, the separate development of groundwater and surface water has resulted in double 
accounting of the one parcel of water, once as groundwater and then a second time as surface 
water baseflow.  Evans (2005) has estimated the extent of the double accounting problem in the 
Murray-Darling Basin to be in the order of 500 GL/yr over the next few decades or so. 

The Groundwater Status Report 2000-2005 (Evans 2008) highlighted a significant deficiency in 
accurate groundwater usage data in many areas.  The historic use of indirect means for 
estimating water use is now moving towards metering.  This has particular relevance to 
shallow bores in the Lower Murray GWMA which have been largely unmonitored. 

2.2.4. Key contacts and sources of information 
Anyone requiring information specific to groundwater licensing and management in the Lower Murray 
GWMA should contact their local office of the NSW Office of Water: 

8-20 Edwardes St 512 Dean St 
PO Box 205 PO Box 829 
Deniliquin, NSW, 2710 Albury, NSW, 2640 
Phone:  03 5898 3900 Phone:  02 6024 8880 
Fax: 03 5881 3465 Fax:02 6021 8405 

 

Current information can also be found on the NSW Office of Water website (www.water.nsw.gov.au). 
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3. Soil problems associated with groundwater irrigation 

3.1 Salinity  
Salinity is the concentration of all soluble salts in water or in the soil.  A soil is defined as being saline 
when the concentration of salts in the soil water within the root zone is high enough to cause a 
reduction in plant growth.  Plant species and varieties vary in their tolerance to salinity (see Table 7.4, 
page 63) and this tolerance also varies with the stage of growth (e.g. plants are generally more 
sensitive to salinity at germination and seedling stages). 

As well as salt tolerance, there are a number of other factors that modify the effect of salinity on the 
growth and yield of irrigated crops and pastures. These include:  

• The characteristics of the soil (see Section 3.1.2, page 17) 

• The salinity of the irrigation water (see Section 4.1, page 26) 

• The method of irrigation and its management (see Section 5, page 33) 

Salinity can be caused by a range of salts, of which sodium chloride (also known as common salt) is 
just one.  In the Murray Valley, soil salinity is predominantly due to salts of sodium: mostly sodium 
chloride (NaCl) and, to a much lesser degree, sodium bicarbonate (NaHCO3) (see also Section 4).   

3.1.1. Measurement of soil salinity  
Soil salinity is commonly measured as the Electrical Conductivity (EC) of the soil water, which is an 
estimate of the concentration of total dissolved salts (TDS).  The higher the concentration of salts 
dissolved in soil water, the more ions (anions = chloride, sulphate, nitrate, carbonate, bicarbonate: 
cations = sodium, calcium, magnesium) to carry an electric current and the higher the EC.   

The standard unit for measuring EC is deciSiemens per metre (dS/m). A number of other units are still 
commonly used because of historical precedents and personal preference.  Some important 
conversion factors between the different units are given in Box 3. 

 

EC is measured in a sample of the soil solution and this sample can be obtained from either:  

• Saturated paste extract (ECse) or  

• 1:5 soil:water extract (EC1:5). 

Box 3 Conversion factors for some commonly used electrical conductivity units 

dS/m  = mS/cm or milliSiemen per centimetre  
= mmho/cm or milliohms per centimeter 

 
dS/m × 100 = mS/m or milliSiemen per metre 
 
dS/m × 1000 = µS/cm or microSiemen per centimetre 
      = µohms/cm or microohms per centimetre 
    = EC units 
 
dS/m × 640* = ppm or parts per million (ppm x 14.28 = grains per imp. Gal.) 
  = mg/l or milligrams per litre 
  = µg/ml or micrograms per millilitre 
 
*640 is an accepted average as the correct factor can vary from 530-900 depending on 
the type of salt present and its concentration. 
 
Other Conversions 
EC1:5 (dS/m) × 0.34 = total soluble salts (TSS as g/100 g soil) in a 1:5 soil water suspension  
 
dS/m × -0.36 = osmotic potential in bars (multiply bars by 100 for kPa) 
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When interpreting soil EC values it is important to know which measurement was taken, as the 
different methods give different results and the correlation between them varies with soil texture (Table 
3.1).  Much of the theoretical and experimental information which relates plant response to soil salinity 
is based on ECse (as seen in column 2 of Table 7.4 on page 63). However, EC1:5 is a much easier 
measurement to make and this is the method used in this manual. 

In order to assess an EC1:5 measurement and determine the likely impact of the measured salinity on 
plant growth (using Table 7.4), it is necessary to convert it to an ECse.  This is done by multiplying the 
measured EC1:5 by a conversion factor based on the soil texture.  This is described in Section 7.2.2 
and Worksheet B on page 62 using the conversion factors for a range of textures shown in Table 7.3. 

General soil salinity classes based on EC1:5 measurements are given in Table 3.1. 

Table 3.1 Saline soil classes based of different soil textures and EC1:5 (source: modified from PIRSA 
Dryland Salinity Map). 

Class of Soil 
Salinity 

ECse* 
(dS/m) 

EC1:5 (dS/m) 

Sand Sandy Loam Clay Loam Clay 

Low < 2 0.17 0.20 0.29 0.40 

Moderately Low 2 - 4 0.33 0.40 0.57 0.80 

Moderate 4 - 8 0.50 0.60 0.86 1.20 

Moderately High > 8 0.67 0.80 1.14 1.60 

*ECse and EC1:5 are defined in Section 3.1.1 

3.1.2. The effect of salinity on plant growth 
There are three types of effects on plants that are associated with soil salinity: 

1. The osmotic effect, affecting energy expenditure and water uptake; and  

2. Specific ion toxicity due to the toxic effects on plants of high concentrations of specific ions, 
particularly sodium, chloride and other metal ions; 

3. Nutritional disorders due to excessive concentrations of some ions. 

Crops may be affected by the osmotic effect, salt toxicity, nutritional disorders or a combination of all 
three.  However, our experiments have demonstrated the osmotic effect of salinity, when EC is above 
a threshold level, has the greatest influence in limiting crop production (see Box 4 The Osmotic Effect’, 
page 18). 

Plants struggle to take up water when the total potential of the soil solution exceeds -1,000 kPa and 
will permanently wilt at -1,500 kPa.  The total potential of the soil solution fluctuates with soil moisture, 
increasing (i.e. become more negative) as soils dry, and decreasing (i.e. become less negative) as 
soils wet up.  The work conducted by the University of Adelaide, as a part of a GRDC project (pers. 
comm. P. Rengasamy 2009) shows that when the osmotic pressure is greater than -700 kPa there is a 
low rate of reduction in crop yield.  However, for osmotic pressures less than -700 kPa the rate of crop 
yield reduction is severe and, less than -1,000 kPa, crop yield is reduced by greater than 50% (see 
Figure 3.2). 

It is possible to estimate the osmotic pressure of the soil solution in a field soil by measuring EC1:5 
(dS/m) and gravimetric water content using the following equation: 

Equation 1. 

g/g) (%content  water soil
18,000  (dS/m) EC  (kPa) soil fieldin  pressure Osmotic 5:1 ×

=  

Matric potential can be measured (and monitored) relatively easily using tensiometers or gypsum 
blocks.  These instruments can be used to schedule irrigations to avoid water stress and obtain 
optimal crop growth rates.  Table 3.2 shows irrigation trigger values based on matric potential 
measurements made at the depth of maximum root activity (i.e. 30 cm) for commonly grown crops that 
are well fertilised and growing in soils low in salt. 
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Box 4 The Osmotic Effect 

Plants take up water against three forces: 
• gravity 

• the matric potential of the soil water, which is related to the adhesive forces between the 
water and the solid surfaces of the soil matrix (hence ‘matric’ potential); and 

• the osmotic (or solute) potential of soil water, which is related to the concentration of salts 
in the soil water solution. 

The energy with which water is ‘held’ by the soil in the root zone is the sum of these forces: 
Total potential = gravitational potential + matric potential + osmotic potential 

If two zones are hydraulically connected, then water moves from areas of high potential (high, wet, 
low salt concentration) to areas of lower potential (low, dry, high salt concentration).  Plants act as a 
conduit between the soil water in the root zone and the water in the atmosphere and it is the 
pressure (or potential) gradient between the two that moves water through the plant.  The larger the 
gradient, the greater the volume of water the plant can extract from the soil. 

Soil moisture levels fluctuate between rainfall and irrigation events.  Plants remove water from large 
soil pores first because this water is not ‘held’ tightly by either matric forces (distant from soil solids 
= low adhesion) or osmotic forces (less concentrated solution).  As the soil dries, there is less water 
close to the roots and this water becomes more tightly held as matric and osmotic forces increase: 
the water remaining is closer to soil solids (greater adhesion) and salts become more concentrated. 

Compared to non-saline soils, the total potential of the soil water in saline soils is greater because 
salts are more concentrated at a given moisture content.  The movement of water from the soil into 
the roots in saline soils is therefore lower than it is in non-saline soils at the same moisture content 
(Figure 3.1). The effect of a high concentration of salts in the soil is similar to that which occurs 
under drought conditions, even though the soil may still appear to be “wet”. This effect is 
compounded when the soil dries, as this increases the salinity of the soil solution, further reducing 
the pressure gradient between soil and roots and, hence, the plant’s ability to ‘suck’ water from the 
soil. 

 

Figure 3.1  The relative water uptake by plants in non-saline (left) and saline (right) soils.  In the 
saline soil, the osmotic pressure associated with the salt reduces the pressure gradient 
between the soil and the root, reducing the flow of water into the root.  This reduces the 
water available to the plant for growth and yield.
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Figure 3.2 Shows the effect of salinity on the yield of crops. This figure is based on experiments 

growing wheat in sandy soil using nutrient solutions (Hogland Solutions) of different 
salinities. 

Table 3.2 Soil water suction (matric potential) at the bottom of the active crop root zone on deep, well 
drained soil when fertilised and well managed crops should be irrigated to achieve 
maximum yields. (source: Haise & Hagan  1967) 

Crop Soil Matric Potential 
(kPa) 

Potatoes 30 - 50 
Tomatoes 80 – 150 
Lucerne 150 
Lucerne seed  Pre-flowering 
  Flowering 
 Ripening 

200 
400 – 800 

800 – 1,500 
Maize Vegetative 
 Ripening 

60 
800 – 1,200 

Small grains Vegetative 
(cereals & canola) Ripening 

60 – 70 
800 – 1,200 

3.1.3. Sources of salinity  
The sources of soluble salts in soil water that we refer to as salinity are: irrigation water; weathering of 
soil minerals and organic material; airborne salts carried to ground in rain; ocean spray; and soluble 
fertilisers.  The soluble nutrients (fertiliser) and ameliorants (gypsum and lime) that are applied to soils 
can also contribute to total salinity.   

1. Irrigation water 
For anyone irrigating with groundwater, the salts carried in the water they apply to their 
paddocks will be the single greatest source of salinity in their soils.  You can get some 
indication of the amount of salt that can be added to a paddock in one year from the tonnages 
shown in Table 3.3.  It is essential to leach these salts to below the bottom of the root 
zone in order to prevent salts accumulating in the root zone to levels that are harmful to 
plants. 
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Table 3.3 The relationship between the salinity of irrigation water (dS/m), the irrigation application 
rate (ML/ha) and the amount of salt applied per hectare. 

Irrigation water salinity Irrigation rate 

EC (dS/m) TDS (mg/L) 
2 ML/ha 4 ML/ha 8 ML/ha 12 ML/ha 16 ML/ha 

Salt load (t/ha) 
0.2 128 0.26 0.51 1.02 1.54 2.05 
0.5 320 0.64 1.28 2.56 3.84 5.12 
1.0 640 1.28 2.56 5.12 7.68 10.24 
1.5 960 1.92 3.84 7.68 11.52 15.36 
2.0 1280 2.56 5.12 10.24 15.36 20.48 
3.0 1920 3.84 7.68 15.36 23.04 30.72 

EC = Electrical Conductivity (dS/m), TDS = Total Dissolved Salts 
 

2. High watertables 
Shallow saline watertables less than approximately 2 m from the surface can cause salt to 
accumulate in the root zone of crops.  Capillary action brings saline groundwater to the 
surface, where evaporation and plant transpiration removes soil water, causing salt to 
precipitate and deposit in the upper layers of the soil profile. 

The degree of salinisation as a result of rising groundwater is a function of depth and salinity 
of the water below the watertable, rainfall and the hydraulic properties of the soil.  This form of 
salinity often results in surface scald and the effects are easily visible.  

3. Subsoil accumulation of salts (Transient Salinity)  
Farmers experiencing problems with salinity, such as poor crop emergence and growth, may 
be experiencing the effects of transient salinity. Transient salinity is the accumulation of salt in 
the root zone, without the influence of additional saline ground water. 

Transient salinity is caused by a reduction in the movement of water and salts out of (below) 
the root zone.  Evapotranspiration removes water from the root zone and leaves behind salt at 
the same time.  It occurs in soils where the movement of water through the soil profile is slow 
and can fluctuate according to depth, seasonal changes and rainfall.  Salinity occurs often in 
soils having sodic layers.  Although these increases in salinity may be low, they can be 
sufficient to cause significant yield losses, particularly in dry seasons (Rengasamy, 2002). 

4. Soil ameliorants 
Gypsum is a salt of calcium and sulphate (CaSO4.2H2O) which can occur naturally in some 
soils.  Farmers also apply gypsum to reclaim sodic soils and also as a fertiliser to supply 
sulphur and calcium to some crops.  However, because of its low solubility in water, the 
osmotic pressure due to gypsum is always low.  This is in contrast to the highly soluble 
sodium salts, which dissolve completely even at low soil moisture levels.  As the soil moisture 
dries through the season, sodium salts are concentrated in soil water, whereas the solubility of 
gypsum is restricted.  The osmotic pressure due to gypsum never exceeds 101 kPa (Table 
3.4) irrespective of the amount of gypsum present in the soil.  Hence, applying gypsum to soil, 
for example to amend sodicity, will have little impact on changing osmotic pressure and crop 
growth. 

Table 3.4 Osmotic pressure caused by gypsum and sodium salts for different water contents. 

Salt type EC1:5  
(dS/m) 

Amount in soil 
(t/ha) 

Soil water content 
(g/g %) 

Osmotic 
pressure of soil 

water (kPa) 

Sodium salt 1.71 5.0 
50 616 
20 1539 

Gypsum 1.16 5.0 
50 101 
20 101 
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B

A

 
Figure 3.3 (A) Sodic soil showing signs of 

water logging and lack of 
structure (aggregation).   
(B) Ameliorated sodic soil 
(adjacent paddock) following 
treatment with gypsum and 
cropping. 

3.1.4. Management of soil salinity 
In order to maintain crop and pasture productivity and prevent the build-up of salts in the soil profile 
from these sources, it is essential that salts are leached below the root zone.  However, it will not be 
possible to effectively leach salts from the root zone if: 

• there is a high watertable, 

• soil structure is poor and soils become impermeable (see Section 3.2, page 21), 

• irrigation is non-uniform and/or fields are poorly drained (e.g. reverse grades exist). 

Additionally, because of the osmotic pressure arising from the level of salts in the soil solution, it will 
be necessary to keep soils wetter in order to avoid the effects of transient salinity between irrigations. 

3.2 Sodic Soils  
Sodicity refers to presence of a high proportion of 
sodium ions relative to other cations (i.e. calcium, 
magnesium, potassium, aluminium). A soil is 
considered sodic when there is sufficient sodium 
to affect its structural stability, reducing infiltration 
rates and soil moisture holding capacity and 
increasing soil strength to the point where plant 
growth is affected (Figure 3.3).  

Sodic soils are formed when calcium and 
magnesium ions bound to clay particles in saline 
soils are displaced by sodium and then leached 
from the soil profile (Figure 3.4).  The sodium 
attached to the clay remains behind and 
accumulates in the soil. 

Salinity and sodicity are separate issues.  A soil 
can be sodic without being saline, or both sodic 
and saline. 

Soil structure is the arrangement of soil solids and 
air and water filled pores which make up the soil 
matrix.  Well-structured soils are easily broken up 
into small aggregates (1-20 mm diameter) that 
stay together when wetted.  They also have an 
adequate mix of small and large pores to allow 
drainage, aeration and the movement of roots 
through the soil, while retaining water for plant use 
in small pores.  Sufficient soil calcium and organic 
matter can generally help to maintain or improve 
soil structure. 

Under conditions of high sodicity, clay soils may swell and individual clay particles disperse, or 
separate, from soil aggregates when they are wetted.  This causes soil aggregates to collapse and the 
tiny clay particles then block soil pores.  On drying, the soil becomes hard, dense and cloddy with a 
poor structure.  Sodicity can dramatically reduce soil water movement and lead to an accumulation of 
salts and other toxic elements. 
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3.2.1. Measurement of soil sodicity 
1. Laboratory methods 

The Exchangeable Sodium Percent (ESP) is the amount of sodium adsorbed on the clay mineral 
surfaces expressed as a percentage of the total cation exchange capacity: 

Equation 2 

100×=
capacity exchange cation

 sodiumleexchangeab  ESP  

Where: exchangeable sodium and cation exchange capacity (CEC) are in meq/100 g. 
meq (milliequivalents) refers to the total charge on ions, rather than the total concentration of 
ions. Soil laboratories generally report the results on the basis of milliequivalents. 

A more commonly measured sodicity parameter is the Sodium Adsorption Ratio (SAR); the ratio of 
sodium to calcium plus magnesium in the soil solution.  

Equation 3  

2
][][

][  (SAR)Ration  Adsorption Sodium
22 ++

+

+
=

MgCa
Na

 

Where: [Na+], [Ca2+] and [Mg2+] are measured in meql/L 

ESP is a measure of soil sodicity and SAR is a measure of soil solution or water sodicity.  
When the soil has been exposed to water with a certain SAR value for some time, the ESP value 
tends to be proportionate to the SAR value.  

 
Figure 3.4 Formation of sodic soils: saline soil (left) is leached by rain and irrigation to form a 

sodic soil (right) dominated by sodium. 
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The SAR of soil solutions can be measured using either saturation paste extracts (SARse) or 1:5 soil to 
water extracts (SAR1:5). The following relationships exist between SAR and ESP: 

• for saturation extracts  ESP ≈ SARse 

• for 1:5 extracts   ESP ≈ 2 × SAR1:5 

Australian soils are classified as sodic if the ESP is greater than 6 and they are classified as highly 
sodic if ESP is greater than 15 (Table 3.5). 

2. Dispersion as an indicator of sodicity 

Sodic soils containing clay disperse spontaneously into smaller particles when wet (Figure 3.5).  The 
amount of dispersed clay is also affected by the soils’ clay content and mineralogy, the soil solution 
constituents and by the soils’ organic matter content.  A measurement of the amount of dispersion can 
be used as an indicator of the sodicity of a soil (Section 6.4.5, page 55). 

 

Table 3.5 Sodicity classification for Australian soils. 
Classification Definition 
Non Sodic ESP < 6 
Low Sodic ESP 6 - 10 
Moderately Sodic ESP 10 - 15 
Highly Sodic ESP > 15 
source: Modified from Northcote & Skene (1972) 

 

3.2.2.  The effect of sodicity on soils and plant growth 
Sodicity in surface soils can affect soils and crops in the following ways: 

• High soil strength (very hard soils) and surface crusting can reduce root penetration and 
seedling emergence. 

• Hard soils can also make cultivation difficult and lead to cloddy seedbeds. 

• Blocking of pores can reduce water infiltration into soil and the amount of water available to 
plants, and increase waterlogging and potential for run-off. 

• Soils are more difficult to use machinery on when wet due to poor drainage (water logging) 
and lack of structure (soupy). 

 
Figure 3.5 Dispersion of sodic soils in water. 
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Whilst the problems associated with subsoil sodicity can be much harder to identify, they also have a 
significant influence on crop growth and yield.  Problems that can occur include: 

• Poor deep drainage leading to waterlogging and poor water infiltration, 

• Accumulation of salt (salinity) in the root zone, 

• Reduction in the water holding capacity of subsoils, limiting plant water supply during later 
stages of crop growth, 

• High soil strength leading to restricted root elongation and survival, compounding the effect of 
the reduction in soil water holding capacity by reducing the depth of rooting and hence the 
volume of soil available to supply water to the crop. 

Water infiltration problems occur when water cannot move freely through the lower zone of the soil 
profile (deep drainage).  This causes water laden with nutrients and salts to accumulate in and above 
the sodic layer.  If the sodic layer is shallow enough (< 2 m deep) and leaching is too low, evaporation 
of water from the root zone causes salts to accumulate, leading to an increased risk of salinisation.   

High sodium levels in the soil solution can also cause plant nutrition problems if sodium out-competes 
other nutrients for uptake or levels become directly toxic (Rengasamy et al., 2003). 

3.2.3. Managing sodic soils  
Sodic soils can be improved by adding calcium and/or organic matter (Figure 3.6) and by reducing 
mechanical soil disturbance as this breaks apart clay aggregates and encourages dispersion.  Usually 
calcium is added in the form of gypsum (calcium sulphate).  Lime (calcium carbonate) can also be 
mixed with gypsum when the soil pHwater (i.e. pH of a 1:5 soil to water ratio) is low (i.e. < 5.5), as lime 
will both add calcium and raise the soil pH to desired levels (pH 6 to 7).  However, lime is not 
recommended for soils with a pHwater above 8, as lime is almost insoluble under these conditions. 

The calcium ameliorants displace adsorbed sodium from the exchange complex and this improves the 
soils structural stability.  This increases the moisture retention and hydraulic conductivity of the soil 
which should lead to increased yields. 

 
Figure 3.6 Correction of sodic soil with the application of gypsum and/or lime. 
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3.3 Alkaline Soils 
Alkaline soils are generally formed in arid and semi-arid regions where salts of base (alkaline) forming 
cations and anions accumulate in the soil layers due to high evaporation and reduced leaching.  
Accumulation of these salts is further exacerbated in sodic soils where water movement is highly 
restricted due to poor soil structure. Alkali soils owe their unfavourable physico-chemical properties 
mainly to the dominating presence of sodium carbonate which causes the clay particles in the soil to 
swell. 

The causes of soil alkalinity are either natural or man-made: 

1. The natural cause is the presence of soil minerals which produce sodium carbonate upon 
weathering. This does not generally occur in the Lower Murray GWMA. 

2. Irrigation with groundwater that is high in sodium bicarbonates and carbonates will result in the 
accumulation of these ions in the soil, raising the soil’s pH and making it alkaline (pHwater > 7). 
This is a potential issue for groundwater users in the Lower Murray GWMA (see Section 4.4). 

Soil pHwater > 7 is generally caused by the predominance of anions such as bicarbonates and 
carbonates, while phosphates, borates and some organic molecules can also contribute to high pH.  

Between pHwater  7 and pHwater  8, calcium bicarbonate and carbonate are the dominant salts in soils.  
These salts are only sparingly soluble and do not cause severe problems for plant growth.  When the 
soil pH is below 8, alkalinity is insignificant in relation to plant growth. 

Soils with a pHwater above 8 are classified as alkaline and will have significant amounts of sodium 
bicarbonate and also high quantities of sodium attached to clay particles (sodicity) and this will affect 
crop growth and productivity.  Above pHwater 9, the soils are ‘highly alkaline’ and invariably strongly 
sodic and will contain significant amounts of sodium carbonate.  These soils may have toxic amounts 
of bicarbonate, carbonate and aluminate (a form of aluminium found in high pH) ions.  In addition, 
nutrient deficiency is likely to be a major problem since many nutrients become unavailable at high pH. 

Amendments such as sulphuric acid, elemental sulphur and pyrites have been used to reduce soil pH.  
These are generally highly uneconomical in broad-acre agriculture.  Growing legumes can acidify the 
soils around the roots and incorporation of organic matter into the soil can produce organic acids to 
reduce pH levels.  Excess sodium needs to be leached.  Applying gypsum to provide a source of 
calcium to replace sodium on the exchange sites prior to ponding fresh water on fields to grow rice 
has been shown to effectively leach salts from the soil root zone (Slavich, et al.  1993; Thompson et 
al. 1996).  While considerable research has been undertaken in ameliorating acid soils, the knowledge 
about treating alkaline soils is very limited. 

 



26 

0

10

20

30

40

50

60

70

80

90

100

< 0.7 0.7 - 1.3 1.3 - 2.9 2.9 - 5.2 5.2 - 8.1 >8.1

Groundwater EC  (dS/m)

Fr
eq

ue
nc

y 
 (%

)

Production bores
Investigation bores

4. Groundwater quality in the Murray Irrigation region 
Water quality is evaluated from the perspective of its intended use.  Water quality guidelines for the 
purposes of irrigation are detailed in The Australian and New Zealand Guidelines for Fresh and Marine 
Water Quality, Chapter 4 Primary Industries (Australian and New Zealand Environment and 
Conservation Council and Agriculture and Resource Management Council of Australia and New 
Zealand  2000) which can be found at: 
www.mincos.gov.au/publications/australian_and_new_zealand_guidelines_for_fresh_and_marine_water_quality 

The two main issues of concern when irrigating with groundwater are salinity and sodicity.  The impact 
of these on soils has been discussed in some detail in the previous section (Section 3).  The effects of 
salinity and sodicity of irrigation waters depends on soil properties, plant salt tolerance, climate 
(particularly rainfall) and water and soil management practices.  Since these factors interact to define 
acceptable quality in a given situation, ANZECC & ARMCANZ (2000) note that it is inappropriate to 
set water quality trigger values for general application.  Instead, they outline steps for determining the 
suitability of groundwater for irrigation which takes into account the salinity and sodicity of the waters 
used, the crops and pastures it is used upon, and the properties of the soil in which these crops are 
grown.  These steps are described in detail in Section 7 (page 58). 

4.1 Salinity of irrigation water 
The primary purpose of measuring the EC of irrigation water (ECw) is to find out if it is likely to increase 
the average root zone salinity (ECse) to levels that will affect plant growth.  The amount of salt which 
accumulates in a soil depends on the soils’ texture (and leaching fraction) and its effect is mediated by 
the crops’ salt tolerance.  Guidelines for permissible EC levels in irrigation water have been developed 
which take account of these two factors (Table 7.4, columns 3-8, page 63).  

Salinity data obtained from a survey of 55 investigation bores and 37 production bores in 1996 
(Joseph & Kulatunga 1996) is shown in Figure 4.1 and it can be seen that 44% of production bores 
had very low to low salinity levels (< 1.3 dS/m), whilst 47% had medium salinity levels  
(1.3 to 2.9 dS/m).  Nine percent (9%) of production bores had salinity levels that are likely to lead to 
salinisation and cause yield loss if applied to the majority of Riverina soils (except Sandhill sands).   

Figure 4.1 shows the salinity of waters in investigation bores is generally higher than that in production 
bores.  This is likely to be due to the fact that bores will only be used for irrigation if the salinity of the 
water extracted is acceptable for crop production. 

Figure 4.2 and Figure 4.3 show the distribution of groundwater salinity in the Shepparton and Calivil 
aquifers respectively in the Lower Murray GWMA.  It is clear from these figures that groundwater 
quality generally declines as you move from east to west.  Furthermore, the salinity of water in the 
Shepparton (shallow) aquifer is generally higher than in the Calivil. 

 

 

 

 

 

 

 

Figure 4.1  
Frequency distribution 
showing the range in 
groundwater EC (dS/m) 
of groundwater sampled 
from investigation and 
production bores in the 
Lower Murray GWMA. 
(source: Joseph & 
Kulatunga, 1996.)
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4.2 Sodicity 
High SAR water used for irrigation will affect soil structural stability by causing clay particles to 
disperse and block soil pores.  This will reduce the infiltration rate and soil permeability and lead to 
less leaching so that salts accumulate in the root zone to levels that affect productivity.  Sodic or 
dispersive soils are likely to be less dispersive when irrigated with saline water than with fresh water 
because of the stabilising effect of the salts in the soil solution on the clay particles through what is 
called the ‘electrolyte effect’. 

As long as soils are irrigated with saline water, the electrolyte effect keeps them flocculated and 
permeable so that leaching can occur.  The danger comes when soil sodicity levels build up and very 
low salinity water (fresh channel water or rainfall) is applied, dispersing clays, sealing soils and 
restricting leaching.  This is a particular risk for heavier soil types in the Riverina in a wet winter.  Table 
7.1 (page 58) provides a guide to permissible SAR levels in irrigation waters applied to Riverina soils 
so that this problem can be minimised.  The classification of soils in Table 7.1 is based on the work 
done by the authors of the manual (Rengasamy, North & Griffin, 2010). 

SAR data obtained from a survey of 55 investigation bores and 37 production bores in the Lower 
Murray GWMA in 1996 by Joseph & Kulatunga (1996) is shown in Figure 4.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 Frequency distribution showing the range in SAR of groundwater sampled from 
production and investigation bores in the Lower Murray GWMA.  (source: Joseph & 
Kulatunga 1996) 

4.3 Acidity or alkalinity (pH) 
The acidity or alkalinity of irrigation water is measured as its pH.  This is particularly important if water 
is alkaline (i.e. pH > 8) as this water will have significant amounts of carbonates (measured as residual 
sodium carbonate or RSC: see Section 4.4 below) which can affect crops and soils. 

The majority of groundwater used for irrigation in the Lower Murray GWMA have pH levels < 7.5 
(Figure 4.5).  Alkalinity (pH >8) is generally not an issue for groundwater irrigators in the Lower Murray 
GWMA because of the dominance of sodium chloride in the water from all aquifers.  However, alkaline 
water (pH > 8) does occur, as shown by the pH results from the investigation bores and it is 
recommended that groundwater irrigators’ measure the pH of their groundwater. 
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Figure 4.5 Frequency distribution showing the range in pH of groundwaters sampled from production 
and investigation bores in the Lower Murray GWMA. (source: Joseph & Kulatunga 1996) 

4.4 Residual sodium carbonate 
Elevated levels of bicarbonate can adversely affect irrigation equipment, soil structure and crop 
foliage.  Carbonates and bicarbonates of calcium and magnesium are insoluble and precipitate out of 
solution, whereas carbonates and bicarbonates of sodium are soluble.  Problems in soils arise if the 
concentration of carbonates and bicarbonates in irrigation waters exceeds that of calcium and 
magnesium.  If this is the case, then the calcium is precipitated in the soil as calcium carbonate, 
leaving an excess of sodium ions with a consequent increase in SAR of the irrigation water.  This will 
increase the ESP of the soil and may lead to soil structural problems. 

Residual sodium carbonate (RSC; sometimes called Residual Alkali) gives an indication of whether 
bicarbonates and carbonates will increase the effects of sodium.  The more positive the value of RSC, 
the more likely will be the adsorption of sodium by the soil. 

Equation 4  

 )(  )(CO  RSC 22
3

-2
3

++− +−+= MgCaHCO  

Where concentrations of cations and anions are expressed in meq/L. 

To convert from mg/L to meq/L: 
• Calcium: Ca2+ (mg/L) / 20 = meq/L 

• Magnesium: Mg2+ (mg/L) / 12.2 = meq/L 

• Carbonates: CO3
2- (mg/L) / 30 = meq/L 

• Bicarbonates: HCO3
- (mg/L) /61 = meq/L 

If the RSC is less than zero, there is no impact on SAR.  If RSC is positive, it may increase SAR.  
However, a measurement of RSC on its own is not a useful indicator of sodicity hazard as waters may 
have a high SAR and a negative RSC because sodium chloride is the dominant salt.  The key criteria 
of concern is when both SAR and RSC are high, as soil sodification rates are likely to be greater 
than will be indicated by SAR alone. The following guidelines apply: 

• If RSC is 0 to 1.25 meq/L, the impact on SAR is moderate;  

• if RSC is 1.25 to 2.5 meq/L, the impact is high;  

• if RSC is greater than 2.5 meq/L the impact is very high. 
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Bicarbonates are present in groundwater in the Lower Murray GWMA (Gill 1997).  Figure 4.6 shows 
the areas within the Lower Murray GWMA where groundwaters have been found to have a positive 
RSC.  Groundwater users drawing water from aquifers with a positive RSC should monitor soil SAR 
and ESP levels closely as rates of sodification may be considerably faster with these waters. 

Note:  When the pH of groundwaters is < 8, carbonates will not be present and the dominant anion 
contributing to RSC will be bicarbonate. Most groundwater from production bores in the Lower Murray 
GWMA has a pH < 8 (Figure 4.5, page 30). 

 

Figure 4.6  Residual sodium carbonate (RSC) of groundwater in the Lower Murray GWMA. The area 
where groundwater is likely to have a positive RSC is shown in red (data source: Joseph & 
Kulatunga 1996; graph generated by the authors). 

4.5 Specific ion toxicity 
All nutrients have a beneficial range of concentration in soil.  Below this range, plant growth or health 
declines from deficiencies.  Above the range, elements can become toxic to plants.  Sodium, chloride 
and boron are the elements that can commonly reach toxic thresholds at relatively low concentrations.  
Chloride and sodium (and bicarbonates in waters with EC < 2 dS/m) are the dominant salts in 
groundwater in the Lower Murray GWMA.  Boron is present in these waters but generally at low 
concentrations and is not considered a long term risk if levels are below 0.5 mg/L (ANZECC & 
ARMCANZ 2000). 

Different crops and rootstocks have a range of tolerances to both sodium and chloride and hence crop 
and pasture selection forms part of effective management strategies for dealing with sodium and 
chloride toxicity.  This is particularly important if water high in sodium and/or chloride are used in 
sprinkler irrigation systems.  Trigger values for prevention of foliar injury due to chloride and sodium in 
irrigation water following sprinkler application are shown in Table 4.1 and Table 4.2 respectively. 

Under high sodium concentrations or with poor soil aeration, the plants’ ability to restrict sodium 
uptake can be lost so sodium accumulates in the leaves and becomes toxic.  There are few available 
references to pasture species and specific sodium tolerance.  However, generally salinity tables for 
specific tolerances include the effects of sodium. 

High levels of sodium in the soil can interfere with the uptake of potassium and calcium by plants.  
Potassium and calcium are both essential plant macronutrients and interference in uptake can lead to 
deficiencies in these nutrients.  Calcium also helps plants select what is taken up through the roots, 
enabling them to take up potassium while excluding sodium. 
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Table 4.1  Trigger values (mg/L chloride) for the prevention of foliar injury in crops of varying 
sensitivity due to chloride in irrigation water following sprinkler application (source: 
ANZECC & ARMCANZ  2000). 

Sensitive 
<175 

Moderately sensitive 
175-350 

Moderately tolerant  
350 - 700 

Tolerant  
>700 

Citrus Potato Barley Cotton 
Grape Tomato Maize Sugar Beet 
Almond  Lucerne Sunflower 
Plum  Safflower  
Apricot  Sorghum  

 

Table 4.2  Trigger values (mg/L sodium) for the prevention of foliar injury in crops of varying 
sensitivity due to sodium in irrigation water following sprinkler application (source: 
ANZECC & ARMCANZ  2000). 

Sensitive 
<115 

Moderately sensitive 
115 - 230 

Moderately tolerant 
230 - 460 

Tolerant 
>460 

Citrus Potato Barley Cotton 
Grape Tomato Maize Sugar Beet 
Almond  Lucerne Sunflower 
Plum  Safflower  
Apricot  Sorghum  
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5. Management of groundwater for irrigation 

5.1 Principles of groundwater management for irrigation 
Key issues in sustainable irrigation with groundwater are: 

• Preventing excessive salt accumulation in the root zone, 

• Maintaining soil structural stability, 

• Maintaining crop or plant productivity, 

• Minimising off-site effects. 

The process of investigating groundwater management options follows as such: 
1. Assess the quality of all water used or planned to be used for irrigation (see Section 6.3, page 

47). 

2. Consider soil characteristics in the area being or to be irrigated, particularly soil structural 
stability and permeability (see Section 6.4.5, page 55). 

3. Consider crop and pasture characteristics, in particular, salt tolerance (see plant tolerance in 
Table 7.4 (page 63) and talk to your local Industry & Investment NSW (Primary Industries) 
District Agronomist). 

4. Determine the likely or actual leaching fraction of the soil and the consequent average root 
zone salinity and amount of drainage below the root zone (see Box 5, page 34 and Section 
7.2, page 60). 

5. Estimate the effects of irrigation water sodicity on soil behaviour (see Section 6.3.4, page 48). 

Salinity and sodicity are the two major issues which arise from using groundwater for irrigation.  As 
seen in Section 4, a significant proportion of groundwaters used for irrigation in the Murray Irrigation 
districts are saline and/or sodic.  Furthermore, because the leaching fraction in the heavy clay soils 
typically found in the Murray Irrigation region is only 0.1 (0.05 for clay soils with poorly structured 
subsoils: SalCon 1997), there is still a high risk of salinisation when low salinity groundwater  
(ECgw < 1.3 dS/m) is used.   

There are a number of management practices that can minimise the effects of irrigating with these 
waters, including: 

• Irrigate more frequently. 

• Use extra water to leach salts. 

• Choose an appropriate irrigation method. 

• Mix irrigation water supplies. 

• Cultural practices, including applying gypsum. 
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5.1.1. Irrigate more frequently 
More frequent irrigation reduces plant stress, dilutes the soil solution and sometimes increases the 
leaching of salts.  This is only a management option in irrigation systems that do not have a propensity 
to become waterlogged, such as: 

• surface irrigation systems that: 

o are laser graded to remove reverse grades, 

o water and drain quickly - water on and off in less than eight hours and preferably less 
than four hours. This generally precludes basin/contour systems, 

o are located on permeable soil types, and 

o have access to high flow rates (i.e. 15-20 ML/day). 

• sprinkler and drip systems. 

Irrigation scheduling is essential to decrease the risk of both over and under watering.  An increased 
level of monitoring and control is needed over irrigations. 

The cost of irrigation will increase because of increased labour but the volume pumped should not 
increase significantly in a good irrigation system where irrigations are scheduled and good control of 
application depths is assured. 

Box 5 Leaching Fraction. 

Leaching fraction (LF) is defined as the proportion of applied water (irrigation + rainfall) that 
drains below the root zone in the soil profile, expressed as a percentage.  The leaching fraction 
is management controlled in permeable soils and predominantly soil controlled in slowly 
permeable soils. 

Where soils have been under groundwater irrigation for some years, steady state conditions 
should exist and LF can be calculated from: 

Equation 5 

d

i

i

d

EC
EC

D
D  (LF) fraction leaching ==  

Where: ECi = average EC (dS/m) of water entering the soil    known 

ECd = EC (dS/m) of drainage water below the root zone   measurable 

Di = depth of water (mm/year) applied to the soil (irrigation + rainfall) known 

Dd =depth of water (mm/year) draining below the root zone  predicted 

 

ECi is calculated on an annual basis using the following relationship: 
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where the subscripts denote: 
rain = EC (dS/m) and depth (Drain) of annual rainfall.  

gw = EC (dS/m) and depth (Drain) of groundwater applied to soil annually 

cw = EC (dS/m) and depth (Drain) of fresh (channel or river) water applied to soil annually 

Median values for ECrain and Drain at Deniliquin are 0.036 dS/m (Nation 2008) and 465 mm/year 
(Clewett, et al. 1999) respectively.  



35 

5.1.2. Use extra water to control salinity by leaching 
The salts from irrigation water that accumulate in soil can be leached from the soil profile by applying a 
greater depth of irrigation than is needed to satisfy the crop’s water requirement.  Regular monitoring 
of root zone salinity, as described in Section 6.4 (page 49), will show whether salts are accumulating 
in the soil profile.  By comparing the measured root zone salinity to the threshold root zone salinity 
levels for the crops being grown (Table 7.4, page 63), it will be clear whether extra leaching irrigations 
are required. 

If irrigators identify that extra leaching is required, then they have two basic options. 

1. In soils with good drainage and where the watertable is not high, maintain a salt balance 
throughout the season by applying extra water each irrigation for leaching; or 

2. Allow salt to accumulate during the growing season or over years during the crop/pasture 
rotational sequence and then implement specific leaching irrigations. 

The strategy selected will depend on the soil type, the irrigation system and the crop type.  However, 
for all soils, irrigation systems and crop types in the Murray Valley, the most efficient and effective 
leaching strategy is to apply fresh water for leaching in spring because: 

• evapotranspiration is low, so losses to the atmosphere are less and downward leaching is 
maximised, 

• soil water contents are higher following winter rains, so less water will need to be added to 
cause deep drainage, 

• the lower salinity of winter rainfall and fresh water will improve leaching effectiveness. 

Strategies specific to farming systems and irrigation systems used in the Murray valley are given in 
more detail in Section 5.2 (page 37) and Section 5.3 (page 40) respectively. 

5.1.3. Choose the best irrigation method for the conditions 
The method of irrigation will affect how much and where salts accumulate.  The irrigation method 
should be matched to the soil type and irrigation water quality, and then the crop type should be 
selected that best suits these two factors.  This is discussed in more detail in Section 5.3.  

In principal, the irrigation method selected should: 

1. Allow sufficient control over the depth of water applied with each irrigation to prevent 
excessive deep drainage and maximise irrigation efficiency. 

Soil permeability More 
 

Less 

Irrigation method sprinkler surface drip 

sub-surface drip 

border check  

furrow 

basin 

contour 

 

2. Take account of evaporative and leaching losses from groundwater during irrigation and 
hence the potential to concentrate salts in the soil. 

Irrigation water quality Good 
 

Poor 

Irrigation method sprinkler basin 

contour 

border check 

furrow 

surface drip sub-surface 
drip 
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5.1.4. Mix water supplies 
If both groundwater and fresh channel water are available, then irrigators have the option of blending 
the two sources of water to reduce the salinity of the applied water.  However, the decision to mix 
(shandy) marginal quality groundwater with fresh channel water is not a straight forward one and will 
depend on a number of factors.  The main factor will be the sodicity of the groundwater. 

Non-sodic groundwater 
Mixing water supplies can reduce the salinity hazard from groundwater if good quality water is 
available but it is not necessarily a good strategy if salts still build up in the soil to levels that restrict 
plant growth.  Two strategies are preferred: 

1. Alternating applications of marginal quality water with fresh channel water will flush salts and 
maintain a lower salt balance in permeable (non-sodic) soils.  Water quality can be matched to 
growth stage (e.g. fresh in spring at emergence and then again at flowering). 

2. Alternate salt-tolerant and salt-sensitive crops in the rotation and use channel water on salt-
sensitive crops and in spring after winter rainfall has filled the soil profile and flushed salts 
from the surface soil. 

Sodic groundwater 
Available waters may be mixed to maintain a satisfactory sodicity level, provided salinity levels are 
also satisfactory.  This should be considered carefully because SAR does not decrease in the same 
proportion as EC when two waters are blended.  Rather, if EC is halved, SAR is only reduced by 0.7.  
This can result in marginally suitable waters becoming unsuitable with respect to their effect on soil 
structural stability.  Table 5.1 shows how the salinity and SAR of water varies if different proportions of 
groundwater and freshwater are used. 

Table 5.1 Changes in EC and SAR when mixing different quality waters. (L. Evans, pers. comm.) 
% groundwater % MIL water EC (dS/m) SAR 

100 0 2.70 5.90 
75 25 2.04 5.49 
50 50 1.38 4.70 
25 75 0.72 3.62 
0 100 0.07 0.76 

Note:  These results are based on groundwater with an ECgw of 2.7 dS/m and SARgw of 5.9 and 
Murray Irrigation Limited (MIL) supplied water with an ECcw of 0.07 dS/m and an SARcw of 0.76. 

Following are some points to consider when contemplating mixing different quality waters. 

• Saline water is denser (heavier) than fresh water and the two waters will not mix thoroughly 
unless they are passed through a turbulent structure together. 

• Infiltration on sodic soils will improve if saline water is used as opposed to freshwater. 

• The stage of plant growth (and the salinity of the water) must be considered.  Good quality 
water should be applied at important growth stages such as germination and flowering. 

• If the flow rate from the bore is low, mixing groundwater with the channel water supply will 
increase flow rates so that watering times can be reduced to prevent overwatering (and 
excessive salt application) and waterlogging. 

• If there has been more than two to three years of continuous saline-sodic groundwater use, 
then a change to freshwater should be done gradually to reduce the risk of soil dispersing. 

5.1.5. Cultural practices, including applying gypsum 
There are three main management options for managing soils irrigated with saline-sodic groundwater: 

1. Adopt no-till or minimise cultivations; 

2. Increase soil organic matter; 

3. Apply gypsum. 

These are discussed in greater detail in Section 8, page 66. 
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5.2 Groundwater management in specific farming systems 
Use of groundwater can have direct and short term impacts on crop and pasture production, and 
longer term impacts on soil health and the environment. Management of groundwater used for 
irrigation will vary with the type of crop or pasture being grown. The following sections detail specific 
management actions for the major farming systems found in the Murray Irrigation region. 

5.2.1. Rice 
It is essential that rice growers monitor their bore and bay water salinity throughout the growing 
season.  The salinity of individual bays should be monitored, particularly the bays in the lower third of 
the layout, to ensure that water salinity does not exceed 2 dS/m, during the critical germination 
and reproductive growth stages. 

The impacts of using saline bore water (shandied or unshandied) for irrigating rice include: 

• Yield losses occur when the EC of water in rice bays exceeds 2.0 to 3.0 dS/m and ponded 
water EC should not exceed 1 dS/m if possible during panicle initiation and booting to avoid 
growth and yield impacts (Beecher, Lacy, Troldahl, and Evans 2007); J Fowler, pers. comm).  
In the paddock, the salinity of water ponded on bays can increase far above the salinity of the 
supply water in areas of poor or restricted water circulation and through flow.  This can cause 
considerable yield loss. 

• The formation of florets in rice plants is seriously affected by high salt levels.  Therefore, it is 
important to have salinity levels as low as possible within bays at panicle initiation. 

• There are varietal differences.  The medium grain rice varieties are generally more tolerant of 
salinity than long grain varieties. 

• Increased seepage can occur.  Saline water increases the permeability of the soil profile and 
hence increases the loss of water through deep drainage and the overall water consumption.  
Each 1 dS/m increase in water supply can increase water consumption by 2 ML/ha on red-
brown soils (Beecher, Lacy, Troldahl, and Evans 2007). 

• Soil salinity builds up when saline irrigation water is added.  If there is adequate leaching 
under the rice crop, then soil salinity levels will rise to the same level as the supply water.  In 
soils that do not leach well (i.e. sodic sub-soils), or where there are high watertables, salts 
accumulate in the surface soil during the rice season and reduce yields. 

• Ensure there is good water circulation throughout the entire layout.  If ‘blindspots’ occur where 
water circulation is poor, salinity levels can quickly rise because of evaporation. 

• If significant rainfall occurs during the growing period, stop water flow between bays so that 
rainwater can dilute the water within each bay. 

• It’s important to have the ability to individually drain bays within the layout if salinity levels 
become too high.  Access to a good on-farm drainage system is important. 

• The sodium in bore water can increase ESP to levels that result in soils becoming unstable 
(see Section 3.2, page 21).  If this occurs, then check banks will slump, reducing bank height 
and making it difficult to achieve high water at panicle initiation.  If fresher water is then used 
on these soils, then muddy water and poor soil permeability will become problems. 

• Irrigation infrastructure decline: saline water weakens the soil structure of contour banks and 
supply channels, making them susceptible to erosion.  Blow-outs around stops and along 
channel banks may occur, making deep levels water harder to achieve.  Seepage through 
perimeter banks will reduce access and waste water. 
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5.2.2. Perennial pasture and summer crops (non-rice)  
Perennial pastures and non rice summer crops will generally be fully irrigated, with little reliance on 
rainfall to reduce the irrigation requirement.  Generally, the majority of this type of production in the 
Murray Irrigation region is on lighter soils.  If this is the case, leaching fractions will be higher and there 
is the potential to use poorer quality water than would be the case for heavier soils (Table 7.4, page 
63).   

However, the principles of using saline-sodic waters still apply, and irrigators are advised to consider 
the following: 

• From Table 7.4 (page 63) it can be seen that many of the plants that can be grown in the 
Murray Irrigation region (e.g. white clover, maize and lucerne) are sensitive to moderate 
salinity levels.  This needs to be considered in any irrigation strategy.  The exception is 
perennial ryegrass, which generally has a higher salinity tolerance than many other plant 
species. 

• Undertake regular soil testing so that the soil salinity and sodicity status of individual 
paddocks/layouts where groundwater is to be used is known and understood. 

• Applying groundwater to soil surfaces with little or no groundcover can lead to high surface 
evaporation rates, and result in a concentration of salts at or near the soil surface. 

• Given that there will be limited availability to flush accumulated salts out of the soil profile 
during the production of these crops and pastures, care must be practiced if directly following 
this type of production with a winter crop or pasture.  If it is the intention to grow another crop 
immediately after harvest of the summer growing species, it may be advisable to consider a 
‘flushing’ irrigation with fresh water to reduce surface salinity levels (remembering what impact 
application of fresh water can have on sodic soils). 

• Where sodic groundwater is used, gypsum application must be an important component of the 
ongoing management of these soils. 

• Adoption of minimum tillage and conservation tillage systems is essential.  These systems 
minimise physical disturbance, maintain soil macro-pores and improve soil organic matter, 
organic carbon status and moisture holding capacity, all of which reduce dispersion and lead 
to an improvement in soil structure. 

• Apply groundwater generally to better developed irrigation layouts as this allows faster 
watering which minimises waterlogging and salt additions.  Ensure layouts are serviced by 
drainage and reuse facilities. 

• Irrigators growing non-ponded crops and pastures with groundwater are likely to need to 
irrigate more frequently than would otherwise be the case with the same crop using fresh 
water.  It is suggested that irrigators develop an appropriate irrigation schedule and utilise soil 
moisture monitoring to assist in refinement of their irrigation schedule. 
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5.2.3. Winter crops and pastures 
There are a number of scenarios irrigators may adopt in the production of irrigated winter crops and 
pastures.  These include: 

• one irrigation event in the autumn to germinate pastures, pre-irrigate to establish a full 
moisture profile and/or sow into moisture or ‘watering up’ of dry sown crops; 

• partial irrigation which may generally include one autumn irrigation and one spring irrigation, or 

• full irrigation to maximise crop or pasture production. 

The decision as to which strategy to adopt is governed by a range of factors including water 
availability, the layouts being irrigated, type of crop or pasture being irrigated and the relative value of 
the crop or pasture. 

When considering the use of groundwater in these systems, it is suggested that irrigators consider the 
following: 

• Generally, most plants are more susceptible to higher salinity levels at germination and 
establishment.  Using poorer quality water at this time may have an impact on germination 
rates and early growth. 

• Undertake regular soil testing so that the soil salinity and sodicity status of individual 
paddocks/layouts where groundwater is to be used is known and understood. 

• Applying groundwater to soil surfaces with little or no groundcover can lead to high surface 
evaporation rates and result in a concentration of salts at or near the soil surface.  This 
problem will be exacerbated if pre-watering is undertaken during the hotter months 
(particularly late summer early autumn). 

• Maximise the use of winter rainfall and use good quality irrigation water to flush salts beyond 
the root zone in spring. 

• Use good quality water at critical growth and production stages such as at grain filling in 
pastures and at flowering in winter crops. 

• Where sodic groundwater is used, there is likely to be a build-up in soil sodicity.  Where this is 
the case, gypsum application must be an important component of the ongoing management of 
these soils. 

• Adoption of minimum tillage and conservation tillage systems is essential.  These systems 
minimise physical disturbance, maintain soil macro-pores and improve soil organic matter, 
organic carbon status and moisture holding capacity, all of which reduce dispersion and lead 
to an improvement in soil structure. 

• Apply groundwater generally to better developed irrigation layouts as this allows faster 
watering which minimises waterlogging and salt additions.  Ensure layouts are serviced by 
drainage and reuse facilities. 
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5.3 Irrigation systems 

5.3.1. Surface irrigation systems - general 
The use of saline-sodic irrigation water can have significant impact on the irrigation delivery and 
drainage systems and must be considered during the design stage of the irrigation systems.   

There are a number of principles of good surface irrigation design which need to be adhered to: 

• Laser grade to remove reverse grades. 

• Have drainage systems and work out what you can do with your drainage water.  If you keep 
recycling it, it will concentrate and salinity will increase. Therefore, irrigators need to consider: 

o shandying – though this can degrade good quality water 

o serial biological concentration – salt tolerant pasture (non cultivated ground), salt 
tolerant perennials (lucerne, salt bush), trees 

• Match layouts to soil type. 

Saline water held in supply channels and drains typically provide ideal conditions for the growth of 
weeds; particularly cumbungi, slimes and milfoils.  Typically if left unchecked, weed growth can quickly 
become a problem, and lead to reduced channel capacity. 

To minimise problems associated with excessive weed growth, irrigators should consider adopting the 
following: 

• consider the appropriate use of soil sterilants to suppress excessive weed growth, 

• undertake regular weed control throughout the duration of the irrigation season, 

• minimise the use of low flow rates if possible, and 

• ensure channels and drains drain out quickly and completely when not in use. 

Use of sodic waters can lead to structural problems in irrigation infrastructure, mainly in supply 
channels and around structures placed in the channel systems.  Typically in the Murray Irrigation 
regions, channels are built on channel pads and the material used to construct theses pads is sourced 
from the construction of the drainage system.  Often, sodic subsoil material is used. 

When sodic water is used in supply infrastructure that is constructed from material which is also sodic, 
failure of irrigation infrastructure can result.  Typically, this can result in cracking of banks, inherent 
weakness or instability of banks and ultimately result in through bank seepage and channel blowouts.  
Similar problems can also result around the placement of structures within the supply (and drainage) 
systems, where erosion and wash outs may result. 

To minimise the potential for washouts and associated problems, irrigators should consider adopting 
(some of) the following: 

• Sampling and analysing soil material, particularly where it is to be used to construct large 
channel pads and/or banks. 

• Based on the results of any soil analysis, gypsum can be incorporated with the material to 
improve its structural stability.  Gypsum should be incorporated with the construction material, 
rather than just placed on the surface. 

• Consider constructing ‘oversized’ infrastructure, such as ‘scraper channels’ where larger 
volumes of construction material are used. 

• Fill channels slowly to allow soils to swell and cracks to seal, particularly during their initial 
filling after construction, and after extend periods of non-use or dry conditions. 

• Encourage the growth of grasses to assist in stabilising banks. 

• Use imported materials (such as sand, stabilised sand etc) for proper placement and ‘bedding-
in’ of structures located in channels and drains.  It is essential that adequate amounts of 
material are placed under and around structures, and the material is adequately compacted 
around the structure.  Backfill material also needs to be compacted appropriately. 



41 

• Consider the use of beaching materials or ‘rip-rap’ on the up and downstream ends of 
structures to minimise erosion potential. 

• Ensure all structures are adequately sized and placed within channels and drains at the 
correct height.  This will minimise erosion potential, minimise headloss and ensure channels 
operate with the correct design tolerances. 

For border check systems: 

• Salts can accumulate at the bottom of bays if water is allowed to pond.  A good drainage 
system is essential to remove any run-off water. 

• Flow rates onto individual bays should be maximised to ensure fast watering.  If it is not 
possible to increase flow rates, then bay width should be reduced to achieve a flow rate of 1 to 
1.5 ML per 10 m width of bay. 

For furrow and bed systems 

• Salts can accumulate to yield limiting levels on the shoulders of beds and tops of furrows.  
These areas should be sampled as part of the monitoring program.  If this occurs, the best 
management action is to pull up banks so that water can be ponded over the top of the hills 
and beds to leach these salts. 

5.3.2. Surface irrigation systems – contour basins 
All the principles outlined in the preceding Section (5.3.1) apply to basin (contour) irrigation layouts.  
However, there are additional management practices which need to be considered when using basin 
irrigation systems to grow rice.  

Good irrigation layouts are vital for maintaining low rice water salinity.  In all layouts used to grow rice, 
salinity levels increase in the direction of water flow from upper bays to lower bays because the 
proportion of water that is lost to evaporation increases with distance and time from the paddock inlet. 

Growers need to be aware of the rice soil suitability criteria – and because of the effect of saline water 
on rice water use, growers should budget on greater water use compared with that expected if 
growing the crop on fresh water alone. 

The increase in salinity through a rice layout can be minimised and managed by: 

• Complete circulation of water through the entire bay.  Avoid short-cutting of flows between bay 
inlet and outlet. 

• Having inlets and outlets at alternate ends of bays to ensure maximum circulation of water 
through all bays. 

• Avoiding ‘blindspots’ in layouts where water circulation is restricted.  Water salinity can 
increase rapidly in these circumstances.  This can occur in layouts with bay outlets all down 
one side of the layout (e.g. side-ditch layouts), or in contour layouts with long winding bays. 

• All rice layouts should have drainage out of the lowest bay flowing throughout the season at 
about 0.5 to 1 rev per day for every 50 ha.  This will help to minimise salinity build-up and 
possible crop damage.  On-farm use of this drainage water is essential, as poor quality water 
must not leave the farm.  In order to utilise this water, growers should consider growing a crop 
such as millet.  But individual growers should seek advice from their local agronomist. 

Bay water salinity distribution is also affected by: 

• preferential flow through toe furrows, 

• uneven soil infiltration rates, and 

• seepage through the soil and banks. 
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5.3.3. Overhead (sprinkler) irrigation systems 
Overhead irrigation systems apply water to the leaf surfaces of crops or pastures.  Evaporation of 
water from these leaf surfaces may concentrate the salts to levels that affect plant growth. 

The main overhead systems installed in the Murray Irrigation region are centre pivot and linear move 
irrigators, whilst there are small areas of fixed (or solid set) systems.  Less common sprinkler systems 
include K-Line systems, travelling booms, travelling guns and bike shift systems. 

Because of the inherent nature of overhead or sprinkler irrigation systems and the precision of 
irrigation applications, there is often very little ability to flush salts away from the plant root zone.  
These systems are therefore heavily reliant upon winter rainfall to mobilise salts and leach them 
through the soil profile.  It is essential that irrigators who use groundwater with overhead systems are 
aware of this situation. 

Poor water quality will have an impact on the expected lifespan of the machine.  Water quality should 
be analysed prior to design and costing, as poor water quality will have a significant impact on what 
type of pipes are chosen.  Pipe material selection must be matched to the likely water quality.  
Irrigators should consult with their designer or supplier prior to selecting the type of pipe which best 
suits the quality of their water. 

Apart from impacts on machine performance, care also needs to be taken to ensure water quality will 
not have an impact on plant growth and performance.  For example, high concentrations of chloride in 
the water applied to the plant surface can result in leaf ‘burning’ (see Table 4.1, page 32).  It is 
essential that regular water quality testing is undertaken to ensure there are no adverse plant impacts. 

Additional water quality considerations include: 

1. Chemical composition  
High concentrations of chemicals such as calcium, iron; highly acid or highly alkaline waters; 
and high salinity waters will result in corrosion, scaling and/or fouling of pipes (e.g. galvanised 
pipelines are not recommended for use with high EC water). 
There are a number of different types of pipelines which can be used, such as stainless steel, 
poly coatings or fully suspended poly pipe.  It is vital to fully understand the quality of the water 
to be used, be aware of its potential limitations (both to plants and the machine) and choose 
the appropriate pipe type accordingly. 

2. Biological and physical properties  
The use of groundwater, particularly if it is saline, can lead to growth of biological 
contaminants such as weeds, floating trash, algae and slimes, especially in open channels 
feeding linear move irrigators.  These cause problems by blocking trash screens on suction 
pipes.  It is essential that screens are installed on suction lines.  Suction lines that become 
blocked significantly increase the pumping head, and therefore operating costs.  Screens must 
be maintained regularly to minimise blockages.  Consider the use of back flushing screens to 
flush debris away from suction lines in open channel situations. 
Sediments can also cause problems through blocked nozzles, increased nozzle wear, 
accumulation of sediments in spans (ultimately leading to corrosion) and additional weight in 
the spans causing load stresses and wheel ruts.  Where water with high sediment loads is 
used, it is essential that regular flushing of pipelines is practiced. 

As a minimum, consider the use of automatic cleaning filters where surface water is being 
used, and manual clean the ones where groundwater is used.  Filters should also be designed 
to have minimal pressure loss, even when partially blocked, to ensure efficient operation. 

The key message is to take a representative water sample, get it analysed at a NATA accredited 
laboratory and take the results to your supplier/manufacturer (and agronomist).  They will then provide 
the right advice in terms of which type of pipe or pipelining will provide the best solution for your water 
quality conditions.
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In order to minimise the potential for corrosion and poor machine performance which may result from 
using poor quality water, irrigators should adopt a number of management practices including: 

• ensure drainage points are not blocked (drainage water should not end up in wheel tracks), 

• periodic flushing of main lines with fresh water if possible, 

• ensure seals between main pipes are the correct size and don’t allow water to sit in joins, and 

• limiting the amount of time water is left sitting in the pipes and lines. 

5.3.4. Sub-surface and drip irrigation systems 
Generally, water with a higher salinity than that suitable for overhead irrigation can be used for drip 
and sub surface drip irrigation (SDI) as evaporative losses are less and the salt is leached away from 
the emitter to the outer margin of the wetted soil volume.  This is particularly the case with SDI, as 
surface evaporation is negligible. 

Because salts are leached away from the emitter, they can accumulate midway between lateral drip 
lines and, in the case of SDI, above the drip tape.  Without adequate leaching, this can significantly 
affect the growth of crops at these locations.  Narrower emitter spacings along laterals can help 
minimise salinity build-up.   

Where poor quality water is used, rainfall can actually mobilise accumulated salts and result in crops 
or pastures being exposed to soil water with extremely high levels of salinity.  An irrigation event may 
be needed even during rainfall to ensure crops are not exposed to excessive salinity levels at these 
times. 

The quality of irrigation water has a major impact on the maintenance requirements and life 
expectancy of micro-irrigation systems. 

It is essential that water quality is sampled and analysed, preferably prior to installation of any type of 
drip system.  This information aids the designer in determining the flushing requirements of the 
system.  This in turn impacts on the type of emitter, drip tape size, length of lines etc. 

Perhaps the biggest hazard with the operation of these systems is clogging, which will reduce water 
delivery rates and uniformity of application.  There are generally three types of clogging: physical, 
chemical and biological. 

• Physical hazards include sand and silt.  Adequate filtration is essential and the filtration 
system is designed to remove particles above the maximum allowable particle size for the 
particular emitter being used. 

• Chemical clogging hazards for these systems are the same as those for sprinkler systems.   

• Biological clogging hazards result from slimes and algae within drip tapes and emitters. 
These may combine with clay particles in the water to further block emitters. 

The most important maintenance practice is system flushing.  The frequency of flushing needed will be 
dependent on the water quality.  Monitoring and recording system flow rates can indicate if clogging is 
occurring and flushing is required.  It is essential that filters are clean and that adequate system 
pressure is obtained for the flushing to be effective.  Adequate flushing velocities are also required to 
ensure good flushing: velocities of between 0.3 to 0.5 m/sec are recommended and, if water quality is 
particularly poor, then even higher velocities are recommended.  Chlorination is used to routinely kill 
algae and loosen organic matter within the system prior to flushing. 
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6. On-farm testing & monitoring of groundwater & soils 

6.1 Introduction 
The soil testing methodology described in this part of the Manual has been established so that farmers 
are able to undertake simple (on-farm) analysis of soils to: 

1. Monitor salt accumulation in the root zone – to avoid levels of salinity that will limit productivity. 

2. Monitor the levels of sodium in the topsoil and at the bottom of the root zone and assess soil 
stability - for maintaining permeability and leaching. 

3. Determine the leaching fraction - for prediction of future root zone salinity levels. 

This Section of the Manual describes the tools and techniques to easily and cheaply measure the 
quality of your water and the health of the soils you irrigate with groundwater.  It shows you how to 
monitor water quality and soil health on your property and the following Section (Section 7, page 58) 
outlines how to interpret the results to aid your water and soil management.   

This Section is divided into three parts. 

Section 6.2.  Before you begin 

Read this chapter before you start testing samples.  It explains: 

• The tools and equipment required for you soil testing kit. 

• Calibration, care and maintenance of salinity and pH meter(s). 

 

Section 6.3.  Assessing groundwater quality for irrigation 

This Section describes how to: 

• Monitor your groundwater, including when, how often and where to sample. 

• How to test your water for: 

o Salinity. 
o Acidity/alkalinity. 
o Sodicity. 

 

Section 6.4  Assessing your soils for salinity, sodicity and alkalinity 

The health and productivity of soils irrigated with groundwater generally depends on the salinity, 
sodicity and alkalinity of the soil.  This Section describes: 

• Monitoring strategies. 

• How to sample your soil. 

• How to test your soil for: 

o Salinity. 
o Sodicity. 
o Alkalinity. 

• How to determine whether a change in water quality will affect your soil’s structure. 
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6.2 Before you begin  
The Test Kit provides the tools needed to enable groundwater irrigators to easily and cheaply measure 
and monitor water quality and soil health on the farm.  Test results will indicate if groundwater is safe 
to use for irrigating crops and pastures in the Murray Irrigation region and whether changes to 
irrigation management are needed to reduce the impact of poor water quality on your soils. 

6.2.1. Contents of the Test Kit 
The following equipment is needed to conduct the soil and water tests described in this manual: 

1 waterproof combined salinity (EC) and alkalinity (pH) meter 

2 dispersion meters 

1 bottle of distilled or deionised water 

1 bottle of EC calibration standard solution  

1 bottle of pH 7 calibration standard solution  

1 bottle of pH 4 or 10 calibration standard solution 

4 500 ml sample jars with graduated measures 

1 rubber mallet for crushing soil samples 

1 2 mm aperture sieve 

1 electronic balance (0 – 500 g) 

20 soil sample bags and labels 

 

The following items will also come in handy: a stop watch; permanent marker pen (for marking sample 
bags); notepad and pen; rulers (one 30 cm and one 1 m); a digital thermometer; a spray bottle (for 
texturing soil samples). 

Equipment will also be needed for sampling soils.  Surface soil samples (0 – 10 cm) can be collected 
with a trowel or spade.  Deeper, sub-surface samples (> 30 cm) will be collected most easily using an 
auger or a soil corer. 
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6.2.2. EC and pH meters 

6.2.2.1. Types of meters and suppliers 
• A number of handheld meters are available which cost around $200 each: DIST 4 (Total 

dissolved solid tester), PHEP3 (pH meter 0-14 waterproof). The Milwalkee™ combination pH 
and EC meter can be purchased from Arris Pty Ltd. (Contact details inside the front cover.) 

• EC and pH meters are available from reputable suppliers of scientific equipment. 

• If you decide to purchase a meter, seek the advice of the retailer as to which of the available 
meters best suits your requirements 

6.2.2.2. Meter maintenance 
If the EC and pH meter is clean and well maintained it should provide accurate readings for many 
years.  Some electrodes are made of glass and need to be handled with care.  Keeping equipment 
clean and free of contamination will improve accuracy of readings and extend the life of electrodes. 

For best results: 
• Calibrate your meter after purchase, before you begin your annual monitoring program, and 

then every two months thereafter during periods of continued use. 

• Only immerse the end of the meter approximately 25 mm into the solution, just enough to 
cover the electrodes. 

• Rinse the electrodes with deionised or rainwater after sampling and before storage to prevent 
corrosion and inaccurate readings. 

• Wipe electrodes dry with clean tissue of soft cloth before replacing the cap. 

• If the display becomes faint or fails to register then change the batteries.  Replace all batteries 
at the same time.  Recalibrate the meter after changing batteries. 

• The meters are electronic and need to be operated and stored with care.  They should not be 
exposed to extremes of temperature (i.e. DO NOT store them in the glovebox) and should be 
stored out of direct sunlight. 

6.2.2.3. Calibration of EC and pH meters 
Calibration instructions for your meter should be supplied with the meter when it is purchased.   

Calibration of EC and pH meters involves taking a reading in a standard solution of known EC or pH 
and adjusting the meter until the reading corresponds with the EC or pH of the ‘standard’. 

• Only one standard solution is needed to calibrate an EC meter.  This is commonly a solution 
with a salinity of 1.44 dS/m. Standard solutions for calibration are usually supplied by the 
manufacturers. 

• Two standard pH buffer solutions are needed to calibrate pH meters.  One should have a pH 
of 7 and (for alkaline solutions) the second buffer solution should have a pH of 10. 

Standard solutions can be purchased from reputable sellers of laboratory supplies.  Details of where to 
purchase standard solutions should be provided by the retailer of your meter.  Otherwise, contact your 
nearest Industry & Investment NSW (Primary Industries) District Agronomist or Irrigation Officer. 

Standard solutions: 
• Should be stored out of direct sunlight and away from any heat sources in a cool area where 

temperatures are relatively stable. 

• Have a shelf life (this will be shown on the label).  Using solutions after the ‘use-by’ date will 
affect the accuracy of your calibration and hence the accuracy of any subsequent readings 
made with the meter.  Dispose of any solution remaining after the ‘use-by’ date and purchase 
some fresh standard. 

QUICK CHECK: The salinity meter should read zero when held in the air. If it doesn’t, it needs calibrating. 
NOTE:  The calibration methodology can differ between different makes and models of EC and pH meters. 
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6.3 Assessing groundwater quality for irrigation 

6.3.1. Sampling methodology 
• The irrigation water to be tested should be collected in a clean glass or plastic container which 

has a water-tight lid. 

• Triple rinse the sample bottle with the sample water before filling. 

• Label the bottle to identify the sample: collection date, location, water source. 

• When sampling from a: 
o Bore or spear point:  Collect a sample from a turbulent area near the outlet after 

pumping for at least 30 minutes. 

o Dam:  Collect a sample from the irrigation off-take OR combine smaller samples from 
several different parts of the dam.  Avoid collecting muddy sediments. 

o Channel:  Try to collect a sample from the middle of the stream-flow at the inlet to the 
paddock. 

• If testing blended waters, take your sample downstream from where the two water sources 
have become thoroughly mixed (i.e. downstream of a check or drop). 

• Fill the sample bottle completely (no air spaces) and seal tight. 

6.3.2. Sampling frequency 
1.  Initial laboratory testing of groundwater for irrigation 
There are many factors, other than salinity, that can influence the quality of groundwater for irrigation.  
An initial analysis of any groundwater used for irrigation should be conducted by a National 
Association of Testing Authorities (NATA, Australia) accredited laboratory before the water is used.  It 
should include the following tests: 

• salinity 

• SAR 

• pH 

• bicarbonates 

• chloride 

• boron 

If water is to be used for spray or drip irrigation, its hardness should also be tested. 

Generally, the types of salts in the groundwater from a bore will not change much over time, so 
laboratory testing will only be necessary every three years or if there is a marked change in salinity 
observed from on-farm testing. 

 

Industry & Investment NSW (Primary Industries) Environmental Health laboratories 
offer world-standard water testing services to determine the suitability of groundwater 
for irrigation.  For further information or to pick up a Water Sampling Kit and get 
information on Standard Tests contact your nearest District Agronomist or Dairy 
Extension Officer.  Details of Primary Industries NSW water testing services can also 
be found online at:  http://www.dpi.nsw.gov.au/aboutus/services/das/water 
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2.  Seasonal on-farm tests 
The on-farm tests described in this manual are NOT as accurate as laboratory testing and should NOT 
be used to replace regular laboratory analysis of your bore water sources.  On-farm testing will allow 
you to cheaply and regularly measure and monitor the quality of your irrigation water in the periods 
between regular laboratory tests so that: 

• changes in water quality can be quickly picked up, 

• poor quality water building up in rice bays or re-use storages can be identified, and 

• the quality of blended waters can be checked before it is used. 

The frequency of on-farm testing should be as follows: 
• All irrigation water sources (bore, re-use storage and drain water) should be tested when they 

are first used and then every month through the irrigation season. 

• Every time you resume irrigation with any water source. 

• Whenever water from two different sources are mixed, the resulting salinity and SAR should 
be tested. 

6.3.3. Measuring irrigation water salinity and pH 
The salinity and pH of irrigation water can be tested on the farm using a portable meter. 

Once the meter has been calibrated (see Section 6.2.2.3): 
• Rinse the meter electrode with distilled, deionised or rain water. 

• If you have a combination EC and pH meter, set the switch for the meter to read EC. 

• Immerse the electrode into the water sample. 

• Record the EC reading after it has stopped changing. 

• With a combination EC and pH meter, leave the electrode immersed in the water and change 
the switch to read pH and record the reading after it has stopped changing. 

• Rinse the electrode with deionised, distilled or rain water and pat dry with a clean tissue 
before measuring the next sample. 

Important: pH meter electrodes are made of glass and need to be handled with care.  Keeping 
equipment clean and free of contamination will improve accuracy of readings and extend the life of 
electrodes. 

6.3.4. Measuring the sodicity hazard of irrigation water 
The sodicity hazard of irrigation water is normally measured by sending water samples to a NATA 
accredited analytical laboratory.  SAR is then calculated using Equation 3, (page 22) from the 
individual concentrations of sodium (Na+), calcium (Ca2+) and magnesium (Mg2+) found from the 
laboratory analysis. 

On-farm testing of SAR can also be done by measuring Total Hardness (as CaCO3, mg/L) using a 
simple field test kit from either Merck (www.merck-chemicals.com.au) or Aquaspecs 
(www.aquaspex.com.au/products/testkits/).  These kits cost about $30 and contain: buffer/indicator, 
titration solution, test tube and instructions. 

Total hardness is determined by mixing the indicator/buffer solution with the water sample in the test 
tube.  The titration solution is then added one drop at a time until the titration end point is reached.  
This is indicated by a sudden colour change from pink to pure blue.  The amount of titration solution 
added is directly proportional to the concentration of calcium (Ca2+), magnesium (Mg2+) and strontium 
(Sr2+) ions in the sample and results are expressed as calcium carbonate (CaCO3) in mg/L. SAR is 
then estimated from the measured ECw (dS/m) and CaCO3 hardness (mg/L) using a simple equation.  

An easy to follow procedure for calculating SAR from EC and Hardness is set out in Worksheet A 
(page 59 of Section 7.1). 
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6.4 Assessing your soils for salinity, sodicity and alkalinity 
This section describes how farmers can make an assessment of salinity, sodicity, soil pH and texture. 

There is a step-wise approach to the sampling, preparation and analysis of soil samples.  These steps 
are described in this Section and should be conducted in the following order: 

i. Soil sampling      Section 6.4.1, page 49 
ii. Determining soil texture     Section 6.4.2, page 51 
iii. Air drying, crushing and sieving of soil   Section 6.4.3, page 53 
iv. Making a soil:water (1:5) suspension   Section 6.4.4, page 53 
v. Measuring dispersion (sodicity)    Section 6.4.5, page 55 
vi. Measuring soil salinity and pH    Section 6.4.7, page 56 

6.4.1. Soil sampling  
Before soil can be tested, it needs to be sampled.  This can take some time and, if not done properly, 
can negate the results obtained from later testing.  It is therefore important to design a sampling 
strategy that provides the information you need for making appropriate management decisions.  The 
value of any monitoring program depends entirely on whether it can change your management 
choices. 

It is also very important that good farm records are kept so that supporting data is available to provide 
context to the observed changes in soil salinity, sodicity, pH and dispersion. The following supporting 
information should be available for the sites you select for monitoring: 

• weather data, particularly rainfall, 

• the depth and salinity of irrigation water applied, 

• crops grown and yields achieved, 

• rate of fertilisers and soil amendments applied, and  

• cultivation. 

Sampling at the same sites over a number of years will allow trends in salinity, sodicity and pH to be 
determined.  This will show the combined effect of management and climate on soils and, when 
examined together with the supporting information for the site, will provide insight into the best actions 
to take. 

Samples should be collected at the same time of year, as trends may be masked by seasonal 
fluctuations in soil salinity arising from salt leaching by winter rains and salt accumulation from 
summer irrigation. It is recommended that soil samples be collected in spring, after winter leaching. 

It is important that any sites selected for testing and monitoring should be geo-located using 
either map co-ordinates or GPS. 

6.4.1.1. Site selection 
The sites used for monitoring soil salinity and sodicity should: 

• Be representative of the management unit:  e.g. soil type, paddock, and/or irrigation system. 
• Have a problem now:  e.g. areas of low yield or patchy growth, waterlogged areas, visibly 

saline areas or areas where soils are structurally degraded (i.e. hardsetting or slowly 
permeable). 

OR 
• Have the potential to become a problem in the future:  e.g. areas of high salt input such as the 

bottom bays of rice layouts; and areas with limited leaching such as heavy clay and sodic rice 
soils and areas with a high watertable. 
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The use of Electromagnetic (EM) surveys for identifying and mapping rice suitable soils is 
commonplace in the Murray Irrigation Region.  EM surveys have long been used in salinity studies to 
identify, map and monitor changes in soil salinity and they are a very useful tool for: 

• Identifying areas of different soil types and delineating management areas. 

• Identifying potential problem areas to sample (i.e. areas with high readings). 

• Extrapolating the results of soil sampling in one location to the broader management unit. 

Successive EM surveys can also be used to determine rates of change over broader areas and 
identify priority areas for changed management. 

EM instruments measure an ‘apparent’ electrical conductivity (ECa), the value of which is influenced by 
soil salinity (higher readings for high salt), moisture content (lower readings for dry soil) and texture 
(higher readings for clays).  It is important to eliminate the effect of moisture content change between 
surveys when using EM to monitor soil salinity (texture is relatively constant over time –unless the 
paddock has been landformed).  This can be achieved by conducting EM surveys when soil moisture 
levels in the root zone are relatively wet (> 20% g/g soil moisture).  Surveying in mid to late winter is 
therefore the preferred time in the Murray Irrigation region. 

It is recommended that farmers consult with their local Industry & Investment NSW (Primary 
Industries) District Agronomist or Irrigation Officer for advice on how to interpret EM survey maps and 
to formulate the best sampling strategy. 

6.4.1.2. Collection of soil 
Soil pits can provide very useful information for an initial assessment of the soil properties at a site, 
such as the depths of each soil horizon, the rooting depth and whether limiting conditions exist, such 
as hardpans.  However, soil pits are destructive and costly and are not recommended for repeat 
sampling as part of a monitoring program.  For monitoring purposes, it is recommended that samples 
be collected using soil augers or intact core samples. 

At each sampling site, soil should be collected from a minimum three depths: 
• Topsoil (0-10 cm). 

• Top third of the B horizon (20-30 cm deep). 

• Bottom of the root zone (typically 60-70 cm in most irrigated Riverina soils, but this depends 
on crop type. 0-70 cm is convenient, as it is the depth to which most deep N tests are taken). 

More samples may be taken, but this will depend on the resources (mainly time) available.  For 
detailed monitoring, sampling down the profile in 10 or 15 cm increments may be advisable. 

The soil should be sampled from three locations within a 3 m radius of each other at each monitoring 
site.  The soil from these three cores should then be combined to get a bulked sample for each 
sampling depth so that any soil variability within the site is averaged out. 

It is important that care is taken when taking soil samples, as cross contamination between different 
sites, depths and horizons down the soil profile can influence results and hence the selection of the 
best management strategies. 

 

Important:  Greater than 500 grams of dry soil is required for analysis and texturing, so sample 
enough soil to allow for weight loss during drying.  This will ensure that enough soil is available in the 
event of a mistake or accident. 

Important:  Samples from different depths are to be kept separate.  Unlike other soil samples 
(composite samples) taken by farmers for nutrient management, root-zone constraint samples from 
individual sites must be kept separate as we are looking for site and depth specific information. 
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6.4.2. Determining soil texture 
Soil texture data is required to estimate available water and is needed to covert EC1:5 data to ECe in 
salinity investigations (see Section 7.2.2, page 61). 

Field texture is determined by the way soil behaves when a small handful of soil is moistened and 
kneaded into a ball (a bit larger than a golf ball), often referred to as a bolus, and then pressed out 
between the thumb and forefinger to form a ribbon (Figure 6.1).  Use Table 6.1 and Figure 6.2 (page 
52) to assist you in determining the texture of your soil. 

The texture of the soil in each soil horizon at each site will only need to be done once.  Do this in the 
paddock when you sample each site for the first time as the soil will be at a field moisture content and 
easier to form into a bolus, rather than doing it later after the sample has dried. 

Soil texture can also be determined in the laboratory through a particle size analysis (PSA).  PSA data 
can be used to check on the accuracy of field determination of soil texture.   

 
Figure 6.1 Formation of a bolus and ribbon to determine soil texture. 
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Table 6.1 Broad field texture classes. 

Field texture Description Approximate clay 
content 

Sand Nil to slight coherence. 
Ribbon of 0 – 15 mm. 

Less than 10% 

Sandy loam Coherent but very sandy to touch.  
Ribbon of 15 – 25 mm. 

10 – 20% 

Loam Coherent, spongy and greasy feel with no obvious 
sandiness or silkiness.  
Ribbon of about 25 mm. 

About 25% 

Silt loam Coherent, very smooth to often silky when manipulated.  
Ribbon of about 25 mm. 

About 25% and with silt 
25% or more 

Sandy clay loam Strongly coherent, sandy to touch with medium size sand 
grains visible in finer matrix.  
Ribbon of 25 – 40 mm. 

20 – 30% 

Clay loam Coherent plastic bolus.  Smooth to touch with no obvious 
sand grains.  
Ribbon of 50 – 75 mm. 

30 – 35% 

Light clay Plastic bolus.  Smooth to touch with slight resistance to 
shear. 
Ribbon of 50 – 75 mm. 

35 – 40% 

Medium to heavy 
clay 

Plastic bolus.  Smooth to touch. Feels like normal to stiff 
plasticine. Moderate to firm resistance to shear.  
Ribbon of 75 mm or more. 

40% or more 

 
 
 
 

 

Figure 6.2 Flow diagram to assist in determining soil texture. 
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6.4.3. Preparation of soil samples for testing 
• Spread each sample on a clean plastic sheet in a covered place (e.g. verandah or shed) to air 

dry (approximately 3 days).  Take care to keep labels with samples, avoid mixing samples and 
ensure samples are not contaminated by other dirt or water during drying as this will affect 
results.   

Important: Excessive heat can affect the measure of dispersion. 

• Crush any large soil aggregates to <2 mm in size.  You may need to use a rubber mallet. 

Important:  The strength of aggregates when crushing during soil preparation may give some 
indication of problems associated with high soil strength and compaction as a constraint to root growth 
and distribution. 

• Screen each crushed soil sample through 2 mm mesh. 

• Remove obvious rocks and plant residues. 

• Replace each sample in labelled, sealed, airtight bags for storage prior to analysis. 

6.4.4. 1:5 soil:water suspension for analysis  
For the analysis of soil dispersion, pH and salinity, a suspension of one part dried and ground soil in 
five parts of water by weight is required.  This means that for each unit weight of dry soil, 5 times that 
weight of water is added (Table 6.2). 

 

Table 6.2 The weight of soil (g) and volume of water (mL) required for making a 1:5 or a 1:2 soil to 
water mixture.  
1:5 soil to water 1:2 soil to water 

Soil (g) Water (mL) Soil (g) Water (mL) 
50 250 125 250 
60 300 150 300 

760 350 175 350 
80 400 200 400 
90 450 225 450 

100 500 250 500 
Note:  You will generally only need to make up 1 to 5 soil water mixtures. If you have a very high EC1:5 reading 
(i.e. greater than 2 dS/m), then this may be due to the presence of gypsum. In this case, make up a 1 to 2 soil 
water suspension, measure EC in this suspension and follow the instructions in Section 6.4.8 on page 57 

Box 6 Water quality for use in 1:5 soil water suspensions. 
When testing your soil salinity (EC), the water used in the 1:5 suspensions must not 
contain salt, otherwise the EC readings obtained will be falsely high.  If rain water is used, 
check that its salinity is below 0.1dS/m.  If its EC >0.1dS/m, then distilled or deionised water 
should be used (ask the District Agronomist or Irrigation Officer at your nearest Industry & 
Investment NSW (Primary Industries) office to obtain this). 

When testing whether irrigation water quality will affect soil structural stability (Section 6.4.6, 
page 56), the water used in the 1:5 suspensions should be the same water you use to 
irrigate your paddocks.  These 1:5 soil water suspensions should only be used to obtain a 
measure of dispersion (Section 6.4.5, page 55). They should not be used for measuring 
the salinity (EC) or pH of your soil. 
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Method 
For this procedure use a 500 ml clear plastic container 
with leak-proof lid (height 15 cm and diameter 6.5 cm).   

Note: If you do not have the type of jars used in the Test 
Kit, you can use any other transparent jar, provided it is 
deep enough to permit a sufficient depth of water for the 
dispersion meter to be used.  You will have to experiment 
with the jars to get the amounts of soil and water correct, 
but the ratio of soil to water must be 1:5 (Table 6.2).  
Pickle jars have successfully been used with 100 g of soil 
and 500 ml of water. 

i. Weigh 80 g of prepared dry soil into a clean 
container (Figure 6.3) 

ii. Gently add 400 ml of rain, deionised or distilled 
water by pouring it down the side of the container 
to minimise the disturbance of the soil (Figure 6.4). 
Note:  Weighing water can be a useful method of 
water measurement.  1 ml of water will weigh 1 g.  
In this example, you would weigh 80 g of soil and 
then add 400 g of water. 

iii. Fill container to line or add 400 ml of distilled water 
or rainwater (Figure 6.5). 
Important:  Do not stir or agitate the soil at this 
point. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.3 

Figure 6.4 Figure 6.5 
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6.4.5. Measuring sodicity with the dispersion meter  
i. Put the lid on the jar of the 1:5 soil:water suspension and screw it tightly closed. 

ii. Invert the jar once, slowly and gently, and then return it to its original position (avoid any 
shaking). 

iii. Let it stand for four hours, without vibrations or bumping. 

iv. Remove the lid of the jar and measure the level of dispersion using the Dispersion Meter: 

v. Look down at the white disc from vertically above the jar (Figure 6.6). 

vi. Lower the Dispersion Meter into the jar to the point where the white disc is no longer visible.  It 
is important to identify the point where the disc is just no longer visible.  Move the Dispersion 
Meter up and down gently so as not to disturb the soil at the bottom of the suspension. 

vii. Place a finger over the end of the Dispersion Meter and remove from the 1:5 soil water 
suspension (this will trap water in the dispersion meter), (Figure 6.7). 

viii. Read the level of dispersion. This is indicated by the level of water trapped in the dispersion 
meter:  None, Low, Medium, or High. 

ix. Record the reading against the sample ID on the results sheet. 

Note:  Dispersion meters are available from Arris Pty Ltd.  (Contact details listed inside front cover.) 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.6 

Figure 6.7
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6.4.6. Testing the effect of irrigation water on soil structure  
An accurate indication of whether soil structural problems will occur when a soil is irrigated with any 
water can be obtained by directly measuring the level of dispersion of soil from your paddocks in the 
water that you intend to use.  

If you have been using bore water from some time and are thinking about irrigating with lower 
salinity water (channel water or shandying your supplies), then you should conduct this test to 
see if your soil disperses in the “new” irrigation water.  

To do this, the dispersion test described in the previous Section 6.4.5 should be performed using the 
soil collected from the farm and the water you intend to use for irrigation (instead of distilled or rain 
water).  See Box 6 (page 53) for more details.   

If the results of the test show that the soil: 
• disperses - there will be a structural problem.  Gypsum application should be considered or 

higher salinity water could be used.  Seek advice first. 

• remains flocculated -  no soil structural problem is indicated. 

6.4.7. Measuring soil salinity and pH  
Once the salinity and pH meter(s) have been calibrated: 

i. Replace the lid on the jar and shake the 1:5 soil:water 
suspension vigorously 15 times. 

ii. Allow to settle for 10 minutes. 

iii. Rinse the EC meter electrode with distilled, deionised 
or rain water (Figure 6.8) and pat dry with clean tissue 
paper or soft cloth. 

iv. Immerse the EC electrode about 25 mm into the 
suspension (immersing the meter too deep into the 
suspension can damage some meters) (Figure 6.9). 

v. Note the meter reading when it has stabilised (stopped 
changing). 

vi. Record the EC reading on the results sheet against 
the sample ID. 

vii. Switch the combination meter to read pH OR remove 
the EC meter and immerse the pH meter electrode 
about 25 mm into the suspension. 

viii. Note the meter reading when it has stabilised 
(stopped changing). 

ix. Record the pH reading on the results sheet against 
the sample ID. 

x. Rinse the EC and pH meter electrodes with distilled, 
deionised or rain water and pat dry with clean tissue 
paper before measuring the next sample. 

 

 

 

 

 

 

Figure 6.8 

 
Figure 6.9 
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6.4.8. Determine the effect of gypsum in soil on measured EC1:5 
Gypsum has only low solubility and, if present in soil, is mostly in solid form and so does not contribute 
greatly to the osmotic potential experienced by plants.  In a 1:5 soil to water solution however, some of 
the previously dissolved gypsum will come into solution, increasing the EC1:5 reading by up to  
2.8 dS/m.  If gypsum is present, EC1:5 will indicate the soil is more saline than it actually is. 

A high EC1:5 reading (i.e. greater than 2 dS/m) indicates gypsum may be present in the soil sample. If 
the high EC1:5 reading is caused by gypsum, it is not a concern. However, a high EC1:5 reading caused 
by sodium salts is a concern. You need to find out whether a high reading is due to gypsum or not. 
You can do this by making up a 1:2 soil to water suspension using the weights and volumes in  
Table 6.2 (page 53) and then comparing EC1:2 with EC1:5 measured as in Section 6.4.7 (page 56). 

The presence of gypsum is usually determined by chemical analysis in a laboratory.  However, there is 
a simple EC test that you can use to identify the presence of gypsum and distinguish between 
readings affected predominantly by gypsum (sparingly soluble) or by sodium salts (highly soluble). 

A. Measure EC1:2 using a suspension of soil and water in the ratio 1:2  
B. Measure EC1:5 using a suspension of soil and water in the ratio 1:5 

If the ratio of A to B is: 
• Less than 1.3, the salt in the soil is mainly gypsum and plants will not be affected by salinity.  

• More than 1.75, then the salt is mainly sodium. 

• Between 1.3 and 1.75, send the soil away to be tested for chloride and sulfate.  

Seek advice to interpret this data. 
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7. Interpreting your results 

7.1 Interpreting your water test results 
Worksheet A (page 59) is used to record the EC, pH and SAR data you collect on your groundwater.  
The sheet is designed so that one sheet is used per farm and per water source for a water year, that 
runs from the start of May to the end April in the following year.  Use separate sheets for different 
bores and different years.  Keep the sheets filed away for future reference. 
Note:  For your convenience, a blank copy of Worksheet A has been provided at the back of the manual.  This 
can be torn out and photocopied. 

7.1.1. Salinity of your irrigation water 
Compare the salinity of your groundwater and/or shandied water with the irrigation water threshold 
ECiw values in Table 7.4 (page 63) for your soil type and crops.  Ideally, you should keep the water 
salinity less than the threshold value that causes a 10% yield reduction.  These values are in column 3 
for sandy or sandy loam soils, column 5 for clay loam to light clay soils and in column 7 for heavy clay 
soils.  Indicative leaching fractions are also shown in Table 7.4 (page 63) for these three soil classes.  
If the actual leaching fraction of your soil (calculated in Section 7.2.2, page 61) is less than 0.15, then 
you should either:  

• increase your leaching fraction (read Section 5.1.2, page 35, and seek advice)   

• lower the EC of your irrigation water to avoid a build up of salt to levels that will reduce yields 
by more than 10% (e.g. shandy with channel water or switch to supplementary irrigation of 
winter crops. Read Section 5.1.4, page 36, and seek advice) 

• grow a more salt tolerant crop (see Table 7.4, page 63) 

The final choice you have is to accept the yield reduction, bearing in mind that you will need to 
address the problem of low leaching at some point in time. If this is the only viable option at present, it 
is very important to conduct paddock soil tests and closely monitor soil EC and SAR levels. 

7.1.2. pH of your irrigation water 
The main problem we are looking for when we measure groundwater pH is to check for the presence 
of carbonates which will increase sodification rates (Section 4.3, page 29). 

• If pH is less than 8, then carbonates will not be present 

• If pH is greater than 8, the water is likely to contain carbonates – seek advice (or refer to 
Section 4.4) 

7.1.3. Sodicity of your irrigation water 
If the SAR of your irrigation water is greater than the values shown in Table 7.1 for your soil type, then 
there is a high risk of your soil structure collapsing if you get a wet winter or you change to fresh water 
after a prolonged period of groundwater irrigation.  If this is likely, then conduct the dispersion test 
described in Section 6.4.5 (page 56) to determine whether gypsum application is warranted. 

Table 7.1 Guide to permissible SAR of irrigation water to maintain a stable soil surface following 
heavy rainfall periods or irrigation with fresh water for soils in the Murray Irrigation Region 
(adapted from SalCon, 1997). 

Clay content 
(%) Soil texture 

Permissible SAR of irrigation water  
Most Riverina soils 

(non-cracking) 
Self mulching clays 

(cracking) 
< 15 sand, sandy loam > 15 -- 

15-24 loam, silty loam 11 -- 
25-34 clay loam 11 8 
35-44 light clay 8 5 
45-64 medium - heavy clay 5 5 
65-74 heavy clay 4 4 
75-85 heavy clay -- 4 
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7.2 Interpreting your soil test results 
At this stage you will have selected and located your soil monitoring sites and decided on an 
appropriate sampling schedule that fits in with your farming operations. 

You will have sampled soil and measured soil and water EC, pH and SAR (or dispersion) using the 
procedures described in the previous section (Section 6.4, page 49). 

The next step (Step 1, page 61) is to collate your data, collect some supplementary data (rainfall and 
irrigation amount) and then (Step 2, page 61) use this to calculate the average root zone salinity 
(average ECse) and the leaching fraction (LF) at the bottom of the root zone.  

Knowing these two values places the soil at your monitoring site in one of four categories based on 
whether the average ECse of the root zone is less than or greater than the threshold values for your 
crop (given in Column 2 of Table 7.4) and whether the LF is greater than or less than what is 
considered the minimum to provide adequate leaching (i.e. 0.15). 

These four categories are shown below in Table 7.2, together with the conclusions you can draw from 
your results as well as a summary of possible management actions. Additional decisions will need to 
be made based on the results of the dispersion tests and these are also shown in Table 7.2. 

Table 7.2 Table showing categorisation of soils irrigated with groundwater based on their average 
root zone salinity (ECse) and leaching fraction (LF) at the bottom of the root zone found 
from Steps 1 and 2 (described on page 61). Further categorisation is based on the results 
of dispersion tests. Management actions for each category are summarised in the bottom 
row (read the text for further details). 

 Category 1 Category 2 Cateegory 3 Category 4 

Step 3 
(p. 63) 

Average ECse < 
threshold value 

for your crop 
(Column 2 of 

Table 7.4) 

Average ECse < threshold 
value for your crop 

(Column 2 of Table 7.4) 

Average ECse > 
threshold value 

for your crop 
(Column 2 of 

Table 7.4) 

Average ECse > threshold 
value for your crop 

(Column 2 of Table 7.4) 

Step 4 
(p. 64) LF > 0.15 LF < 0.15 LF > 0.15 LF < 0.15 

 
Soil salinity is 

non-limiting and 
leaching is 
adequate 

Soil salinity is non-limiting 
but low leaching may lead 
to salts building up in the 

soil. 

Soil salinity is 
limiting to growth 

but leaching is 
adequate. 

Soil salinity is limiting 
growth and low leaching 
may lead to further salt 

accumulation. 

  There is potential for 
future salinisation 

You need to 
investigate the 

cause of the 
high salinity 

There is a high risk of 
significant yield loss 

Step 5 
(p. 64)  

ESP of all 
soil layers < 

6 (no 
dispersion) 

ESP of 
surface soil 

> 6 (i.e. 
disperses) 

 

ESP of all 
soil layers < 

6 (no 
dispersion) 

ESP of 
surface soil 

> 6 (i.e. 
disperses) 

Action No change to 
current 

management 
practices is 
indicated 

Address the 
factors 

causing low 
leaching 

Apply 
gypsum 

Apply leaching 
irrigations OR 

change to a more 
salt tolerant crop 
(read Section 5 & 

seek advice) 

Address the 
factors 

causing low 
leaching 
and then 
leach the 

profile 

Apply 
gypsum 
and then 
leach the 
soil profile 

 

The five steps you need to complete to interpret your soil test results are explained in further detail in 
the following sections (Section 7.2.1 – 7.2.5).  You are advised to read these sections as Table 7.2 is 
only a summary.  Please do not hesitate to contact your local Industry & Investment NSW (Primary 
Industries) District Agronomist or Irrigation Officer if you need further advice.  
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7.2.1. Step 1:  Collect data 
Obtain all the following information and enter the data on Worksheet B.  For your convenience, a blank 
copy of Worksheets A and B have been provided at the back of the manual.  This copy can be torn out 
and photocopied for future use. 

• Annual rainfall and irrigation application rates: 

o Dgw - the average depth of groundwater applied each year (mm/yr) 

o Dcw - the average depth of Murray Irrigation channel water applied each year (mm/yr) 

o Dr - the average annual rainfall (mm/yr) 

• EC of all waters: 

o The EC of your groundwater (ECgw,) will be obtained from the water tests described in 
Section 6.3.3 (page 48). 

o The EC of Murray Irrigation channel water (ECcw) is 0.07 dS/m 

o The median EC of rainfall (ECr) at Deniliquin is 0.036 dS/m (Nation 2008). 

• Texture of all soil samples 

o Use the method of hand texturing described in Section 6.4.2 (page 51). 

• EC1:5, pH and dispersion of all soil samples. 

o Use the methods described in Section 6.4.4 (page 53) to 6.4.7(page 56). 

7.2.2. Step 2:  Calculate average root zone ECe and leaching fraction 
From the measurements made in Step 1 (which you recorded onto Worksheet B) determine the 
following by working through the calculations in the worksheet (an example of which is shown on 
Worksheet B): 

i. average ECse of the root zone 

o the EC1:5 measurements are converted to ECse using the soil texture class of each soil 
sample and then applying the conversion factors given in Table 7.3 

o average root zone ECse for each monitoring site is calculated by summing the 
individual ECse measurements from the soil samples taken down the soil profile at 
each site and then dividing this by the number of samples. 

ii. ECse at the bottom of the root zone 

o This will have been determined from the EC1:5 sample at the bottom of the root zone 
in the step above. 

iii. estimate the leaching fraction in your paddock under your irrigation regime by following the 
steps marked out in Worksheet B. 

Table 7.3 The relationship between ECse and EC1:5 for different soil textures.(source: Agriculture 
Western Australia 2009) 

Texture ECse : EC1:5 Relationship 

Sand ECse = 15 x EC1:5 

Sandy Loam ECse = 12 x EC1:5 

Loam ECse = 10 x EC1:5 

Clay Loam ECse = 9 x EC1:5 

Light to Medium Clay ECse = 8 x EC1:5 

Heavy Clay ECse = 6 x EC1:5 
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7.2.3. Step 3:  Assess root zone salinity levels 
Check the measured average root zone ECse for each monitoring site against the average root zone 
salinity threshold values for the most salt sensitive crop grown in the rotation in column 2 of Table 7.4. 

Two scenarios are possible: 

1. If average root zone ECse < the threshold value in column 2 of Table 7.4, then root zone 
salinity levels should not limit the growth of your crop or pasture. 

2. If average root zone ECse > the threshold value in column 2 of Table 7.4, then root zone 
salinity levels are likely to affect the growth of your crop or pasture. 

 
Table 7.4  Average root zone salinity thresholds (column 2 in orange) and irrigation water salinity 

thresholds based on soil drainage characteristics (columns 3 to 8 in blue) for surface 
irrigated crops and pastures commonly grown in the Murray Irrigation Region (source: (a) 
ANZECC & ARMCANZ  2000; (b) Yiasoumi et al.  2005) 

 Average root 
zone salinity 

threshold 
(ECse)  (a) 

(dS/m) 

Irrigation water salinity (ECw) threshold for surface 
irrigated crops based on soil drainage characteristics  (b) 

 Well-drained Moderate to slow 
draining Very slow draining 

 Sand or sandy loam Clay loam to light clay Heavy clay or sodic 

Average leaching fraction 0.45 0.3 0.15 
Yield reduction < 10% 25% < 10% 25% < 10% 25% 

Pastures (legume)        
White clover 1.0 1.2 3.1 0.8 2.0 -- -- 
Sub clover 1.0 1.2 3.1 0.8 2.0 0.4 1.0 
Strawberry clover 1.6 2.4 4.0 1.6 2.6 0.8 1.3 
Lucerne 2.0 2.0 5.4 1.3 3.5 -- -- 
Persian & Balansa  3.0 n/a 2.0 n/a 1.0 n/a 
Berseem clover 2.0 6.0 10 4.0 6.6 2.0 3.3 
Pastures (grasses)        
Paspalum 1.8 4.0 6.6 2.6 4.4 1.3 2.2 
Phalaris 4.2 4.2 8.0 2.8 5.3 1.4 2.6 
Perennial ryegrass  5.6 8.9 3.7 5.8 1.8 2.9 
Couch  6.9 10.8 4.6 7.1 2.3 3.6 
Winter crops        
Faba beans  1.8 4.0 1.2 2.6 -- -- 
Oats 5.0 5.0 6.3 3.3 4.2 1.7 2.1 
Wheat 6.0 6.0 9.5 4.0 6.3 2.0 3.1 
Canola  6.5 11 4.3 7.3 2.1 3.6 
Barley 8.0 8.0 13 5.3 8.6 2.6 4.3 
Summer crops        
Grain sorghum 6.8 1.4 2.2 0.9 1.4 0.5 0.7 
Maize  1.7 3.8 1.1 2.5 0.6 1.2 
Soybeans 5.0 2.0 2.6 1.3 1.7 0.6 0.8 
Rice 3.0 -- -- -- -- 1.0 1.7 
Sunflowers 5.5 5.5 6.5 3.6 4.3 -- -- 
Millet  6.0 9.0 4.0 6.0 2.0 -- 
Horticultural crops        
Corn, grain, sweet 1.7 1.4 1.7 0.9 1.1 0.5 0.6 
Potato 1.7 1.7 2.5 1.1 1.7 0.6 0.8 
Tomato 2.3 2.3 2.8 1.5 1.8 0.8 0.9 
Grape 1.5 2.6 4.1 1.7 2.7 0.9 1.4 
Olive 4.0 4.5 5.5 3.0 3.6 1.5 1.8 
Orange 1.7 2.3 3.3 1.5 2.2 0.8 1.1 
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7.2.4. Step 4:  Assess the adequacy of leaching 
Two main scenarios are possible: 

1. If the average root zone LF > 0.15, then sufficient leaching is occurring under the current 
management regime to prevent salts building up in the root zone.  The need to alter current 
management practices depends on the salinity of the root zone (from Step 3): 

a) If the average root zone ECse < threshold levels – the current management regime is 
successfully controlling the risk of salinity and sodicity from groundwater irrigation. 

b) If the average root zone ECse > threshold levels - the current management regime is 
allowing salts to build up in the soil profile, despite the fact the LF appears high 
enough to permit flushing of salts.  This will require investigation as it may be due to a 
number of reasons, including: 

 presence of a high watertable, 

 application of high to very high salinity groundwater, or 

 insufficient application of lower salinity water (e.g. little leaching from winter 
rains or fresh irrigation applications). 

Steps can only be taken to lower root zone ECse if the cause of the salt build up can 
be identified.  Advice should be sought from your nearest Industry & Investment NSW 
(Primary Industries) District Agronomist. 

 If the cause of the high salinity can be fixed, then leaching irrigations should 
be applied to flush salts from the root zone. 

 If the cause of the high salinity can not be fixed, then it is advisable to grow 
more salt tolerant crops and lower the salinity of the irrigation water. 

2. If the average root zone LF < 0.15 - insufficient leaching is occurring to prevent salts 
accumulating in the root zone.  Changes to the current management regime are needed: 

a) If the average root zone ECse < threshold levels – although your crop or pasture 
productivity may not be affected at present, there is a high risk of the soil becoming 
saline, OR 

b) If the average root zone ECse > threshold levels -  soil salinity will already be limiting 
the productivity of your crop or pasture.  There is a high risk of soil salinity increasing 
to the point where crop or pasture growth becomes severely restricted. 

To prevent any further accumulation of salts, it is important to identify whether the low LF is 
due to sodicity or some other cause (continue to Step 5). 

7.2.5. Step 5:  Determine the requirement for soil amendments 
The soil tests for pH (Section 6.4.7, page 56) and dispersion (Section 6.4.5, page 55) should be 
conducted on all soil samples.  Table 7.5 and Table 7.6 show how the results of these soil tests should 
be interpreted.   

Recommended application rates for gypsum and lime based on the results of the pH and dispersion 
tests are given in Table 7.7. 

Table 7.5 Interpretation table for the dispersion test. 
Dispersion Sodicity Class Approximate ESP 
None Non-Sodic <6 
Low Low Sodic 6 – 10 
Medium Moderately Sodic 10 – 15 
High Highly Sodic >15 
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Table 7.6 Interpretation table for pH test. 
pH values Classification 
5.5 Acidic 
5.5 – 8.0 Neutral 
8.0 – 9.0 Alkaline 
>9.0 Highly Alkaline 

 

Table 7.7 Soil dispersion and pH related to gypsum and lime application rates required for the 
correction of sodicity 

Dispersion 
pH >6 
Gypsum (t/ha) 

pH <6 
Gypsum + Lime (t/ha) 

None 0 0 
Low 2.5 1.25 + 1.25 
Medium 5.0 2.5 + 2.5 
High 10.0 5.0 + 5.0 

 
The best course of action depends on the average root zone leaching fraction of the site:  

1. Sites with high average root zone leaching fraction (LF > 0.15) 

It is presumed that sodicity is not a problem at sites with LF > 0.15 because it is assumed that 
sodium levels have not built up to the point where the soil becomes dispersive and affects soil 
structure.  However, LF might be high because: 

• the site has only been irrigated with groundwater and the electrolyte effect is keeping 
clays flocculated and soil permeability high, OR 

• the soil is under pasture and the absence of any physical disturbance by cultivation, 
together with the binding effect of plant roots and the build-up of organic matter, is helping 
to maintain the stability of soil macropores. 

In either case, the dispersion test described in Section 6.4.5 (page 55) will show whether sodicity 
is an issue which could potentially affect the soil at a later date if changes occurred in the current 
management regime.  Of particular significance would be: 

• a change to lower salinity irrigation water OR a period of high rainfall; 

• a switch out of pasture and into cropping OR cultivation to renovate a pasture stand. 

If the dispersion test shows a soil to be sodic (Table 7.5), then gypsum application should be 
considered to prevent a loss of structure if current circumstances change.  Changes in paddock 
management are foreseeable and it should be possible to apply gypsum prior to any change (e.g. 
cultivating or renovating a pasture paddock, or changing irrigation to lower salinity water).  It is 
more difficult to predict other changes, such as a high rainfall event.  However, a prudent, low risk, 
management strategy would be to apply gypsum to sodic paddocks in autumn, prior to the onset 
of winter rainfall. 

2. Sites with low average root zone leaching fraction (LF < 0.15) 

The dispersion test is of particular importance to those soils which have been identified as having 
a low leaching fraction (LF < 0.15). 

• If any soil sample from a monitoring site is dispersive, then it is likely that sodicity is the cause 
of the low LF.  Gypsum (and/or lime) application rates should be based on the results of 
surface soil tests (0-30 cm) and in line with the recommendations in Table 7.7. 

• If there are no dispersive soil samples from a monitoring site, then it is unlikely that sodicity is 
the cause of the low leaching fraction estimated in Step 2 and other causes will need to be 
investigated.  There may be barriers in the soil profile that are impeding water movement.  
These barriers could include a high watertable, sheet limestone (calcrete), or compacted soil 
layers.  Digging a soil pit is the best way to see what the problem may be.  Consult your 
nearest Industry & Investment NSW (Primary Industries) District Agronomist for advice 
regarding appropriate management strategies. 
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8. Management options for amelioration and mitigation 

 

Figure 8.1 Scheme of different soil profile characteristics farmers are likely to encounter when 
analysing soil samples. 

 

Situation A. Apply gypsum.  A surface application of gypsum will reclaim the subsoil only when 
there has been sufficient rainfall to leach gypsum to the subsoil.  This could potentially 
take 2-3 years in 400 mm rainfall regions and longer in lower rainfall seasons or 
regions. 

Situation B.  The only way to ameliorate subsoil salinity is to leach the salt below the root-zone.  It 
is beneficial in areas where the watertable is very deep (>10 m) allowing water to 
percolate below the root-zone.  

 Application of surface gypsum will increase the percolation of water below the root-
zone. 

 Crops which use a lot of water (e.g. lucerne) may concentrate the salt in subsoils due 
to their high water use, therefore reducing the leaching of salts. 

 As part of a management strategy, salt tolerant crops should be considered. 

Situation C. Usually alkaline (pH>8) soils are also sodic.  Application of gypsum will reduce 
sodicity affects and also reduce pH by half a unit. 

 Reclamation of subsoil sodicity will be as in situation A. 

Situation D. Application of gypsum will reclaim topsoil sodicity and also improve percolation of 
water through subsoils.  Reclamation of subsoil salinity will be as in situation B. 

 As part of a management strategy, salt tolerant crops should be considered. 

Situation E.  Topsoil salinity (not associated with rising watertable) is usually found in “magnesia 
patches”.  High levels of salinity in topsoil will affect germination of crops and pasture.   

 Subsoil sodicity makes leaching of topsoil to remove salt very difficult. Build up organic 
matter in the topsoil to help water movement. Once topsoil salinity has been reduced, 
application of gypsum will help in reclaiming subsoil sodicity, as in Situation A. 

 As part of a management strategy, salt tolerant crops should be considered. 

Situation F. These soils are very difficult to manage; strategies will be the same as situation E. 

 As part of a management strategy, salt tolerant crops should be considered. 

Situation G. Topsoil acidity can be reclaimed by applying lime. However, lime alone will not help in 
reclaiming subsoil sodicity. Application of a mixture of lime and gypsum has been 
found useful in these situations. 

Note: a.) Although these treatments are possible, farmers need to consider the likely financial 
return before proceeding. 
b.) Gypsum application depends on CEC (Cation Exchange Capacity). 
c.) Leaching fraction depends on soil texture-structure-ESP 
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9. Frequently Asked Questions  
1. What can I do to improve my soil structure? 

a) Apply gypsum and/or lime 
Soil sodicity is created when calcium is displaced by sodium in the soil.  Similarly sodicity can be 
amended through the application of calcium – this displaces sodium which is then leached away. 

The application of gypsum is the most cost effective method of ameliorating sodic soil.  It is important 
to note that another source of calcium is lime.  Lime has very low solubility and should only be used in 
situations where the pHwater is less than 5.5 and the desired effect is to supply both calcium for sodicity 
and carbonate for pH amelioration.  In these cases combinations of both lime and gypsum are most 
effective. 

b) Increase soil organic matter content 
Organic matter in broadacre agricultural soils can be built up over time through the adoption of stubble 
retention and minimum tillage practices.  Soil organic matter improves soil structural stability, but also 
benefits the soil by: 

• Increasing water holding capacity, 
• Decreasing erosion losses, 
• Supplying nutrients for plants and food for microorganisms, and 
• Increasing nutrient holding capacity. 

Developing and maintaining sufficient organic matter in the soil should be an essential part of any 
integrated approach to the management of sodicity and associated structural problems. There are 
generally two recognised methods for building soil organic matter: 

• Growing and incorporation of plants (green manure), and/or 
• Addition of organic amendments like animal manures and composts.  Care should be taken 

when applying manures as they may contain significant amounts of salt and the nutrients they 
contain need to be considered in nutrient budgets. 

2. How much gypsum should I apply? 
The recommendation for rates of gypsum application is usually based on the exchangeable sodium 
percentage over the root-zone depth.  This can potentially result in recommendations for high rates of 
gypsum being applied, which may not be economical in cropping situations.  The following rates are 
based on the electrolyte effect of gypsum improving soil structure.  Frequent soil tests, as described in 
Section 6.4 (page 49), are recommended to assess timing of future applications of gypsum according 
to the decision tree outlined in Table 7.2. 

Table 9.1 Gypsum rate of application for different soil textures, sodicity and alkalinity  

Soil Texture Sodic Alkaline Sodic Highly Sodic Highly Sodic & 
Alkaline 

Sand  1 t/ha 2 t/ha 3 t/ha 3 t/ha 
Sandy Loam 2 t/ha 2.5 t/ha 3.5 t/ha 3.5 t/ha 
Clay Loam  2.5 t/ha 3.5 t/ha 4 t/ha 4  

Clay  5 t/ha 5-7.5 t/ha 7.5 t/ha 7.5 t/ha 
Note: In the case of higher applications (>2.5 t/ha), split applications are recommended (pers. comm. Rengasamy) 

Gypsum rates higher than 2.5 t/ha applied prior to ponding for rice will increase water use and deep 
drainage. This may be desirable for leaching salts accumulated in the soil profile, but this strategy 
requires careful consideration if leaching is not required as excessive (above allowable limits) water 
use can occur. 

3. What quality of gypsum should be used? 
As long as gypsum materials do not contain harmful impurities like cadmium, boron, and sodium 
chloride, they can be applied irrespective of calcium content (purity).  If the gypsum material contains 
more than 1% sodium chloride, do not use it.  Farmers need to assess whether the use of local lower 
quality product is more cost effective than imported higher quality product as freight costs are often 
large relative to the cost of local product.  They should increase application rate if using lower quality 
gypsum (lower quality in terms of calcium content). 
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4. Will gypsum increase the soil salinity? 
Adding gypsum can increase soil salinity by up to an EC1:5 of 2.8 dS/m.  Gypsum has a low relative 
solubility.  This means that although it can increase EC it does not affect osmotic pressure to the same 
extent.  High rates of gypsum will not increase soil solution osmotic pressure beyond 101 kPa.  If 
gypsum is the only salt present in the soil, EC1:5 values will depend on the quantity of gypsum present. 

Table 9.2 EC1:5 values related to the quantity of gypsum present in the soil, provided no other soluble 
salt is present. 

Gypsum (t/ha) EC1:5 (dS/m) 
1.0 0.23 
2.5 0.58 
5.0 1.16 
10.0 2.33 
20.0 2.80 

5. How do I assess the purity of gypsum?  
Suppliers of gypsum are required to provide information on its quality.  Laboratory analysis can 
provide accurate information on the quality.  However, a simple test using an EC meter can provide an 
approximate assessment of the salt (sodium chloride) content of gypsum samples.   

A.  Measure EC1:2 using a suspension of gypsum sample and water in the ratio 1:2  

B.  Measure EC1:5 using a suspension of gypsum sample and water in the ratio 1:5 

If the ratio of the values A/B is less than 1.3, the sample is mainly gypsum. 

If the ratio of the values A/B is more than 1.3, the sample contains considerable (>1%) amounts of 
sodium chloride and should not be used.   

6. When and how much lime to apply 
Lime should only be used if soil pH (1:5, water) is less than 5.5.  Once the soil pH is above 8, lime is 
ineffective as it becomes insoluble.   

Table 9.3 Limestone required (fine and NV > 95) to lift pH of the top 10 cm of soil to 5.2. Colour 
codes group limestone rates to the nearest 0.5 t/ha. (source: AgFacts NSW DPI, Soil 
acidity and liming) 

Soil test CEC 
(cmol (+)/kg) 

Lime required (t/ha) to lift the pH of the top 10 cm: 
From 4.0 to 5.2 From 4.3 to 5.2 From 4.7 to 5.2 From 5.2 to 5.5 

1 1.6 0.8* 0.3* 0.2* 
2 2.4 1.2 0.5* 0.4* 
3 3.5 1.7 0.7 0.5* 
4 3.9 2.1 0.9 0.6 
5 4.7 2.5 1.1 0.7 
6 5.5 3.0 1.2 0.8 
7 6.3 3.3 1.4 1.0 
8 7.1 3.8 1.6 1.1 
9 7.9 4.2 1.8 1.2 
10 8.7 4.6 1.9 1.3 
15 12.5 6.7 2.8 1.9 

*It is recognised that low rates of lime are impractical to apply, but over-liming can cause nutrient 
imbalances, particularly in light soils. 

KEY: Limestone rates per hectare 
 

0.5 t/ha 
 

 
1.0 t/ha 

 
1.5 t/ha 

 
2.0 t/ha 

 
2.5 t/ha 

 
3 to 4 t/ha 

Split 
applications 
advised ** 

       
** Do not apply greater than 4 t/ha in a single application, so as to minimise any problems that could 
arise from over liming. 
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7. What is the best way to apply lime or gypsum? 
• Ensure a faster result by spreading high quality agricultural lime or gypsum and incorporate 

into the surface soil 

• Apply directly to the subsoil, if needed, with deep ripping equipment; this is only economical in 
high value crops 

• In most broadacre cropping situations apply gypsum to the surface soil and incorporate, 
allowing rainfall leaching to move gypsum to subsoil layers. 

8. Can lime and gypsum mixtures be used? 
• If both topsoil and subsoil have pH of >8, mixing lime with gypsum is not beneficial. 

• If the topsoil is acidic (pH <5.5) and subsoil is alkaline and sodic, mixing lime with gypsum will 
be useful in rectifying topsoil acidity and subsoil sodicity. 

• As a rule of thumb, a useful rate will be 50% lime and 50% gypsum. 

9. Can gypsum be used in a saline soil (salinity)? 
Adding gypsum to saline soils will increase soil salinity.  The salt (sodium chloride) will reduce the crop 
yield while gypsum contributes only slightly to the osmotic effect.  However, gypsum in time will 
ameliorate sodicity and increase the leaching of salts below the root-zone.  Once the salts are leached 
below the root-zone, gypsum will have a beneficial effect on crop yield.  When the topsoil is sodic and 
subsoil is saline (Situation D, Figure 8.1), gypsum will provide an immediate reclamation of topsoil 
sodicity.   

10. How do I know soil amendments are working? 
The amendment of soil sodicity and salinity may take several years to show improvement in crop yield, 
depending on the severity of the problem, soil hydraulic properties and seasonal rainfall.  Test soil 
every two to three years to identify whether the problems are being rectified and identify the necessity 
for follow-up treatments.   

11. How can I manage hard setting soils? 
Hard setting soils can be a result of sodicity or compaction.  If tests reveal sodicity is the problem then 
gypsum application will correct it.  If it is due to compaction (indicated by high bulk density), tillage 
combined with controlled traffic can alleviate the problem.  Building up organic matter (stubble 
retention, no-till) will help improve soil structure and also will improve the effect of gypsum added to a 
sodic soil.   

12. Will gypsum application always increase the yield? 
If surface and subsoils are sodic or highly sodic (and also alkaline), application of gypsum has been 
found to increase the yields of many crops by 10 - 75 % in our field trials.  The nature of rainfall during 
the cropping season is an important factor influencing the effect of applied gypsum. Heavy rains 
during the growing season destroy the structure of sodic surface soils, impacting germination and 
establishment of crops.  

Under these situations, gypsum application in sodic soils improves soil structure and hence plant 
growth. During seasons with lower than average rainfall, when soil structure is not significantly 
affected, gypsum may not increase the yield in that year.  However, it will improve soil conditions by 
reducing ESP, which may have longer term benefits.  Application of gypsum to non-sodic or low sodic 
soils may help to improve plant growth if the soils are deficient in calcium and/or sulphur. 

If sodicity is found only in subsoil layers, it may take a few years before yield increases are achieved. 
The dissolved gypsum slowly moves to subsoil layers to ameliorate sodicity and the rate of this 
depends on the amount of gypsum applied and rainfall. Subsoil amelioration will improve water 
storage in these layers. Removal of sodicity in subsoils also helps in leaching of accumulated salts. 

If the soils are sodic and saline, salinity is dominant in affecting crop yields. If gypsum is applied to 
these soils, yield will not increase until salts are leached. The osmotic pressure due to salinity will be 
slightly enhanced by adding gypsum. 
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13. Is deep ripping beneficial? 
If soils are sodic or highly sodic, deep ripping alone without addition of gypsum will actually increase 
soil structural problems and may not have beneficial effects.  Deep ripping can bring subsoils, which 
are usually highly sodic (and alkaline), to the surface making them more hard-setting, further reducing 
crop yield.  New work (pers. comm. P. Rengasamy 2009) is showing that deep injection of gypsum 
into the subsoil is feasible.  Generally, higher rates of gypsum will be needed to amend sodicity in 
disturbed layers. 

If soils are saline in addition to being sodic, deep ripping and addition of gypsum will not improve yield 
until salts are leached. 

Deep ripping may have benefits in soils that are non-sodic, but have hardpans or compacted layers. 
As deep ripping involves additional costs, it is recommended that small areas are trialed first. 
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11. Appendix 1: Soils of the Murray Irrigation Region 
(source: Hughes 1999) 

Sandhill Soils 
• Sandhill soils have a topsoil of loose sand greater than 15 cm in depth. 

• Deep sands have loose sand to a depth of 2 m of greater, with no obvious subsoil, or 
bleached layers. 

• Shallow sands have a shallower topsoil overlaying clay sub soil; a bleached layer in the lower 
top soil is usually present. 

Texture:  Sandhill soils have a loose sandy topsoil which is greater than 15 cm deep. Deep sands 
occur in more elevated areas of the sandhill formation where the sandy topsoil is at least 2 m deep. In 
lower areas of the sandhill formation the depth of sandy topsoil decreases and a shallow clayey-sand 
subsoil is present. In some areas thin clay bands may be present in deep sands, and are thought to 
have originated from wind blown clay material. Bands of loam to clay may also develop at depth due 
to the leaching of clay materials out of the topsoil. 

Colour:  The colour of the topsoil is generally brown to red-brown, but some shallow sands may be 
grey-brown.  The subsoils, where present, vary from red to yellow to grey.  Yellow and grey colours 
indicate heavier, poorly drained subsoils, and a bleached layer of overlying topsoil indicates periodic 
waterlogging. 

Topography:  Sandhill soils are associated with the prior stream channel, and usually occur as a 
ridge to one side of the stream. 

Vegetation:  Vegetation on sandhill soils is predominantly White Cypress Pine, with some Grey Box 
and Yellow Box towards the extremities of the sandhills. 

 
Soil types of the sandhill soil group:  
Banandra sand  Mycotha sand  Wamoon sand 

Banna sand  Pullega sand, sandy loam Wetuppa sand,  

Boona sand,sandy loam  Purdanima sand sandy loam 

Danberry sand, sandy loam  Sandmount sand Whymoul sand 

Eulo sand  Teningerie sand Yambil sand 

Hyandra sand  Tubbo sand Yandera sand 

Jurambula sand  Utona sand Yarangery sand 

 

Limitations to production on Sandhill Soils 
• Dense subsoils are characteristic of the shallow sands and restrict deep drainage and can 

develop perched watertables. Perched watertables and waterlogging are common in shallow 
sands with a clay subsoil. Soil management problems arising from a dense subsoil are: 

• waterlogging 

• poor aeration 

• Sandy topsoil create several soil management problems: 

• low water holding capacity leading to the need for frequent irrigation, 

• high permeability resulting in deep drainage and possibly recharge to the watertable, 

• low nutrient storage capacity, with nutrient deficiencies likely to arise, 

• low ability to resist a change in pH (low buffering capacity), 

• soil loss due to wind erosion, especially where soil is left bare. 
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• Sandhill soils (especially deep sands) have low water holding capacity and poor nutrient 
retention. 

• Sandhill soils are well drained, except where an impermeable clay or cemented layer is within 
the root zone. 

• A bleached layer indicates periodic waterlogging caused by a perched watertable overlying an 
impermeable layer. 

• Sandhills may be prone to erosion. 

 
Example of sandhill soils 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

darker surface layer, due to organic matter 

continuous sand to depth 

Figure 11.1 Sandmount sand (deep sand) 
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Red Brown Earths 
• Red-brown earth soils have a topsoil of sandy-loam to light clay loam overlying a clay subsoil. 

• The lighter (coarser) textured topsoil is between 10 and 40 cm thick and varies in colour from 
red to grey/brown. 

• The lower topsoil is called the A2 horizon, and it may be bleached. 

• Subsoil varies in colour from yellow to red to grey. 

Texture: Red-brown earths (RBEs) have a sandy-loam to clay-loam topsoil overlying a clay subsoil. 
Because of this contrast in soil texture, red-brown earths are also called duplex soils. The thickness of 
the topsoil varies from 10 to 40 cm, with a depth of 10-15 cm being most common. 

Colour: The colour of the topsoil varies from red to brown to light grey-brown. Clay subsoils vary in 
colour from yellow to red to grey. Subsoils may be a patchy mixture of colours, which is referred to as 
mottling. There may also be a bleached layer of topsoil, immediately above the subsoil, which 
indicates periodic waterlogging. 

Topography: RBEs occur on the near levee of the prior stream system  

Vegetation: The natural vegetation most likely to be found on areas of red-brown earths is Western 
Grey Box, Yellow Box and White Cypress Pine. The Yellow Box is found in sandy well drained RBEs, 
often over prior streams. Sandier RBEs are usually found in more elevated positions of the landscape 
and are favoured by White Cypress Pine. 

 

Soil types of the red-brown earth group:  
Ballingal loam Barooga loam Beelbangera loam 

Beremagad sandy loam Bibul clay loam, loam Birganbigil clay loam, loam, sandy 
loam 

Bundure loam Bunnaloo loam Burraboi sandy gravelly loam 

Camerooka sandy loam Cobram loam, sandy loam Conargo sandy loam 

Deniboota sandy loam, loam Finley sandy loam, loam Fivebough sandy loam 

Griffith loam, clay loam Hanwood loam, loam Jondaryan loam, clay loam 

Katunga gravelly loam Lake View loam Leeton clay loam 

Merungle loam Mirrool loam Moira loam 

Naringaningalook loam Stanbridge sandy loam, loam Tharbogang loam 

Thulabin clay loam, loam, 
sandy loam Tulla loam Wakool sandy loam, loam 

Willimbong loam  Womboota loam 
 
Limitations to production on Red Brown Earths 

• Hardsetting:  Hardsetting results from structural instability of the topsoil upon wetting (slaking 
and/or dispersion).  It frequently occurs in soils with a high content of fine sand and/or silt 
which are low in organic matter. Many of these soils were formerly well structured before 
excessive cultivation damaged their structure. The surface layer of topsoil of hardsetting red-
brown earths sets hard upon drying, showing very little structure and few cracks. Management 
problems associated with this are: 

o reduced seedling emergence 

o reduced infiltration 
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• Dense subsoil:  Subsoils of red-brown earths are generally high in clay content and have 
high bulk density.  A high bulk density is more likely when the subsoil is sodic.  Management 
problems caused by heavy dense subsoils include: 

• low permeability to water, limiting the depth of wetting and resulting in the development of a 
perched watertable and subsequent waterlogging 

• poor aeration 

• high mechanical resistance to root growth 

Examples of red brown earths 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11.2 Mundiwa loam (deep topsoil phase) 

brown loam topsoil has a fine many-sided type structure 

pale loam topsoil of weak to massive structure

red/brown medium clay subsoil of weak blocky structure 

yellow/brown medium clay subsoil of massive structure 
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Figure 11.3 Bunnaloo loam 

red-brown loam topsoil 

pale lower topsoil 

heavy clay subsoil 

sandy loam subsoil 
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Transitional Red-Brown Earths 
• Transitional red-brown earths differ from red-brown earths by having: 

o shallower and usually more clayey topsoils. 

o more clayey, deeper subsoils. 

• The growth problems that plants experience in transitional red-brown earths are similar to those for 
red-brown earths, but are more common and more severe due to the shallower topsoils and more 
clayey texture of transitional red-brown earths. 

Texture: Transitional red-brown earths (TRBEs) are a specific subgroup of red-brown earths and are 
formed from finer sediments than the red-brown earths. This means they generally have a higher clay 
content than the red-brown earths. TRBEs have a shallow clay loam topsoil of 5-10 cm depth, 
overlying a clay subsoil. 

Colour: The colours of the topsoil and subsoil are much the same as those described for red-brown 
earths, with red-brown being the most common colour. 

Subsoil characteristics: TRBEs are divided into two groups based on the sodicity of the subsoil: 

• Sodic TRBEs have dispersive (sodic) clay subsoils which are dense and less permeable than 
that of non-sodic TRBEs. 

• Non-sodic TRBEs have non-dispersive (non-sodic) clay subsoils, and are well structured and 
more permeable to water than sodic TRBEs. 

Sodic TRBEs are more common than non-sodic TRBEs. 

Topography: TRBEs are usually found on the near floodplain.  However, they also occur in 
association with self-mulching soils in gilgai complexes.  TRBEs are located on the shelf or slightly 
depressed areas of the gilgai complex. 

Vegetation: The natural vegetation most likely to be found on transitional red-brown earths include 
Boree, Western Grey Box and Black Box. Western Grey Box is found in better drained TRBEs, while 
the Black Box occurs in poorly drained areas, often in a gilgai formation. 

 

Soil types of the transitional red-brown earth group: 

Beremegad loam Mundiwa clay loam Wongal clay loam 

Coree clay loam Tilga sandy clay loam Yallakool clay loam 

Dahwilly sandy loam Tomara loam Yarraman clay loam, clay 

Marah loam Tulla clay loam Zara loam 

Morago clay loam Tuppal clay loam  

Muckatah clay loam Wilbriggie clay loam  
 
Limitations to production on Non-Sodic Transitional Red Brown Earths 

• Hardsetting/crusting:  Management problems associated with a hardsetting topsoil are the 
same as for red-brown earths. 

• Compaction:  The subsoils of non sodic TREE are prone to compaction. Traffic and/or tillage 
under moist conditions, and heavy stocking rates, are likely to cause compaction. Soil 
management problems associated with compaction are: 

• low permeability 

• y in the compacted layer, restricting drainage and causing waterlogging. 

• poor aeration in the compacted layer. 

• high strength of the compacted layer will impede root growth. 
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Limitations to production on Sodic Transitional Red Brown Earths 
• Hardsetting/crusting:  Management problems associated with a hardsetting topsoil are the 

same as for the red-brown earths. 

• Sodic clay subsoils:  Sodic clay subsoils are poorly structured, are prone to dispersion and 
have high bulk density. This results in the following management problems: 

o poor aeration. 

o low permeability to water resulting in poor internal drainage and waterlogging. 

o high strength, offering mechanical resistance to root growth. 

Examples of transitional red-brown earths 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11.4 Birganbigil loam 

red-brown loam topsoil of platy/hardest 

red heavy clay subsoil of blocky structure 

heavy clay subsoil varying in colour from red 
to grey structure is massive 
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Figure 11.5 Mundiwa clay loam 

red-brown loam topsoil of platy/hardest structure 

grey heavy clay subsoil of massive structure 

red heavy clay subsoil of weak blocky structure 
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Self-Mulching Clays 
• Self-mulching clay soils are uniform in clay content. 

• They have a crumbly, well-developed surface structure. 

• They often occur as the 'mound' in gilgai formations. 

• Self-mulching clay soils have good structure in most situations. 

• They are prone to compaction, especially when wet. 

• Self-mulching clays have comparatively few problems compared to other soil groups, 
but they can be 'leaky' under rice 

Texture:  Self-mulching clays (SMCs) have a uniform heavy clay texture in both the topsoil and 
subsoil. The self-mulching surface soil is composed of small aggregates which are friable (easily 
cultivated) when dry. The aggregates remain stable when wet, thus maintaining soil structure. SMCs 
are formed by extensive swelling and shrinking brought about by wetting and drying. 
Colour:  The colour of the self-mulching clay soils ranges from reddish brown to grey, and colour may 
tend to become more yellow with depth. Lime nodules may also be present throughout the soil profile.  

Topography:  Self-mulching clays are found on the far flood plain and also in gilgai formations across 
the near and far floodplains. They occur as the mound or 'puff in the gilgai complex. Areas having 
more than 50% mound as a proportion of the total area are usually considered to be SMCs. 

Vegetation:  The associated vegetation most likely to be found on areas of self-mulching clay are 
Boree and Black Box. 

 
Soil types of the self-mulching clay group: 

 
Limitations to production on Self-mulching Clays 

• Compaction:  These soils are normally well structured, and structure can be maintained even 
with frequent cultivations, provided the soil is not too wet. Compaction in self-mulching clays 
mainly occurs from tillage, traffic or livestock on moist soil. These soils face the same 
management problems as compacted non-sodic transitional red-brown earths. 

• Permeability:  Despite their high clay content, permeability and internal drainage can still be 
good due to the stability of soil structure of most self-mulching clay soils. Rice growing is 
therefore inadvisable in many of these soils due to their high water use, which could result in 
accessions to the watertable. 

 

Coleambally clay Gundaline clay Wunnamurra clay 

Gogeldrie clay Niemur clay Yooroobla clay 
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Examples of self-mulching clays 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11.6 Wunnamurra clay 

grey heavy clay of crumb, sub-angular blocky structure 

lime nodules 

grey heavy clay of strong angular-blocky structure 

brown heavy clay of massive structure 

 

Figure 11.7 Moulamein clay 

hardset sandy clay loam 

massive grey heavy clay 
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Non Self-Mulching Clays 
• Non self-mulching clay soils often have a shallow crust-like topsoil. 

• They are poorly structured and are usually dispersive. 

• They are found in the far flood plain areas. 

Texture:  The shallow topsoil of a non self mulching clay (NSMC) is usually less than 5 cm in depth. 
The topsoil ranges in texture from a clay loam to a light clay, whilst the underlying subsoil is a dense 
heavy clay. These soils are generally sodic and poorly structured, causing them to swell and disperse 
on wetting and set hard on drying. Both infiltration and permeability are poor due to their texture and 
propensity to disperse. 
Colour:  The colour at the surface varies from brown to grey. Brown NSMCs usually have better 
surface drainage, while the grey coloured clays generally indicate poor drainage. The colour of deep 
subsoils ranges from brown to grey to yellow. 

Topography:  Non self-mulching clays occur in the far floodplain area of the landscape. These areas 
are typically very flat and hence drainage is poor. 

Vegetation:  The natural vegetation most likely to be found on areas of non self-mulching clay are 
Boree, Black Box (in poorly drained areas), Dillon Bush and Cotton Bush. 

Soil types of the non self-mulching clay group: 
Billabong clay Morago clay Tulla clay loam 

Colimo clay Moulamein clay Wandook clay 

Coree clay Niemur clay Wilbriggie clay 

Crommelin clay Noorong clay Yallakool clay 

Goolgumbla clay Riverina clay  

 
Limitations to production on Non Self-Mulching Clays 
The main soil limiting factor in non self-mulching clay soils is sodicity.  This causes dispersion, 
aggravating their poor structure and high bulk density.  These soils become soft and 'spewy' when 
wet, and they set hard when dry. 

The following management problems arise: 
• low infiltration and permeability reduces depth of wetting, and results in poor water storage at 

each irrigation 

• poor aeration 

• poor internal drainage and waterlogging 

• high soil strength impedes root growth, unless quite moist 

• surface crusting prevents seedling emergence 

• 'muddy water' with early season irrigation reduces the establishment and early growth of rice 
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Example of non self-mulching clays 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11.8 Wandook clay 

thin light clay loam crust that cracks on drying 

blocky structured dark grey, heavy clay 

lime nodules 

massive, brown medium clay 



85
 

 W
or

ks
he

et
 A

 
G

ro
un

dw
at

er
 q

ua
lit

y 
re

co
rd

 s
he

et
 fo

r t
he

 y
ea

r  
 

M
ay

 2
0_

__
__

__
_ 

to
  A

pr
il 

20
__

__
__

__
 

 
Fa

rm
: _

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_ 
 

B
or

e 
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

 
 

D
at

e 
sa

m
pl

ed
 

Lo
ca

tio
n 

de
ta

ils
 

(b
or

e,
 in

le
t t

o 
pa

dd
oc

k,
 s

to
ra

ge
, e

tc
)

EC
w
 

 
(d

S
/m

) 
pH

w
 

H
ar

dn
es

s 
- f

ro
m

 te
st

 k
it 

N
um

be
r o

f 
dr

op
s 

 
m

g 
C

aC
O

3 
pe

r d
ro

p 
 

m
g/

L 
C

aC
O

3 

 
 

 
 

 
×

 
= 

 

 
 

 
 

 
×

 
= 

 

 
 

 
 

 
×

 
= 

 

 
 

 
 

 
×

 
= 

 

 
 

 
 

 
×

 
= 

 

 
 

 
 

 
×

 
= 

 

 
 

 
 

 
×

 
= 

 
A

ve
ra

ge
 th

e 
co

lu
m

n 
to

 o
bt

ai
n 

th
e 

av
er

ag
e 

fo
r t

he
 y

ea
r

A
 

 
 

 
 

 
B

 

C
al

cu
la

te
 a

ve
ra

ge
 S

A
R

 fr
om

 a
ve

ra
ge

 E
C

w
 (A

) a
nd

 a
ve

ra
ge

 H
ar

dn
es

s 
(B

) 

A
 ×

 1
00

 =
 _

__
__

__
__

__
__

_ 
(1

) 
   

 B
 ÷

 5
 =

 _
__

__
__

__
__

__
 (2

) 
 

S
qu

ar
e 

ro
ot

 o
f B

 =
 _

__
__

__
__

__
 (3

) 

A
ve

ra
ge

 S
A

R
 =

 ((
1)

 –
 (2

)) 
÷ 

(3
) =

 _
__

__
__

__
__

__
__

__
__

__
 



86
 

 W
or

ks
he

et
 B

 
Te

st
 re

su
lts

 fo
r t

he
 s

oi
l m

on
ito

rin
g 

si
te

 in
 p

ad
do

ck
 _

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
 

D
at

e 
of

 s
am

pl
in

g 
__

_/
__

_/
__

__
  L

oc
at

io
n 

of
 s

am
pl

in
g:

  e
as

tin
g 

__
__

__
__

__
_ 

 n
or

th
in

g 
__

__
__

__
__

__
_ 

S
oi

l 
H

or
iz

on
 

D
ep

th
 

Te
xt

ur
e 

C
on

v.
 

Fa
ct

or
 

(T
ab

le
 7

.3
)

 
EC

1:
5 

(d
S

/m
) 

 
EC

se
 

(d
S

/m
) 

pH
 

D
is

pe
rs

io
n 

(h
ig

h,
 m

ed
, 

lo
w

, n
on

e)
 

A
 

 
 

 
× 

 
= 

 
 

 
B

 
 

 
 

× 
 

= 
 

 
 

 
 

 
 

× 
 

= 
 

 
 

 
 

 
 

× 
 

= 
 

 
 

B
ot

to
m

 o
f 

ro
ot

 z
on

e 
 

 
 

× 
 

= 
(1

) 
 

 

A
ve

ra
ge

 th
e 

co
lu

m
n 

to
 o

bt
ai

n 
A

ve
ra

ge
 R

oo
t Z

on
e 

E
C

se
 

 
 

 
 

 
A

ve
ra

ge
 

an
nu

al
 d

ep
th

(m
m

/y
ea

r)
 

 
EC

w
 

(d
S

/m
) 

 
D

ep
th

 ×
 E

C
w

 
 

A
ve

ra
ge

 s
al

in
ity

 o
f w

at
er

 o
nt

o 
pa

dd
oc

k 
is

: 
G

ro
un

dw
at

er
 

 
×

 
=

 
 

B
 ÷

 A
 =

 (2
) _

__
__

__
__

__
__

_ 
dS

/m
 

M
IL

 w
at

er
 

 
×

0.
07

 
=

 
 

 
R

ai
nf

al
l 

 
×

0.
04

 
=

 
 

Le
ac

hi
ng

 fr
ac

tio
n 

at
 th

e 
m

on
ito

rin
g 

si
te

 is
: 

S
U

M
 th

e 
co

lu
m

n
A

 
 

 
 

B
 

 
(2

) ÷
 (1

) ÷
 2

.2
 =

 _
__

__
__

__
__

__
__

_ 




