Summary of Observations from:
Accelerating Change Workshops – 2016-2017.
Autumn Start-Up Workshops - 2017.

Options & Strategies for Improvements in
Soil Physical Conditions & Productivity in
Irrigated Pasture & Cropping Systems
Christian Bannan, South East Soil & Water.

Agenda.
1. Set the scene – Soil physics and chemistry. Importance – Why?

2. Summary of findings - Accelerating Change Soil Workshops
3. Summary of findings - Autumn Start Up Workshops
4. Soil management this season – Discussion.
5. Moving forward in 2017 & 2018 – Discussion.

What is the difference?
• Same soil “type”
• Similar area
• Same textures in A and B
horizons
• Similar fertiliser history
• Similar soil test results.
•
•
•
•
•

Reasonable N & P
High ESP in subsoils
High Exc. Mg
Low Exc. Ca
High Exc. K.

Soil Physics vs Soil Chemistry:
• SOIL PHYSICAL PROPERTIES:
• The “inherent properties”:
•
•
•
•

Those that are fixed – cannot / hard to change.
Some options for improvement.
Set water limited yield potential
Critical for irrigation and drainage planning.

• SOIL CHEMICAL PROPERTIES:
• The “dynamic” properties.
• Those that can be changed.
• Options for adjustment.
• Aid maintaining water limited yield potential.

Both aspects of soil critical
for soil condition and
productivity.

Yield Potential in Irrigated Systems –
Pastures & Grain:
• Growing Season Rainfall
(mm)
• Stored soil moisture (mm)
• Nitrogen and phosphorus
• Yield potential calculations

Historic rainfall
Soil chemistry
Assumed values for soil physical properties

• Growing Season Rainfall
• Stored Soil Moisture
• Nitrogen and phosphorus
• Soil physical properties.
• Topsoil depth………Say 150mm
• Impeding layers…..At depth?
Shallow?
• Rootzone depth…..At least 70cm?
• Readily available water for pastures
…..25mm? 50mm? 75mm? Soil
suction capacity??
• Soil structure……….Aggregated?

• Yield Potential Calculations

Understanding Variability. Average Yield 6.0 t/ha.
Lemnos Loam. 4.0 t/ha.

Lemnos Loam. 6.0 t/ha.

Lemnos Loam. 8.0 t/ha.

• Match zones of yield and performance with soil physical properties.
• Adjust management and agronomy to make efficient use of inputs.
• Employ greater precision and accuracy.

Soil Catena – Sequence of Soils on Prior Stream Landscapes.

Skene & Poutsma, 1962.

Soil Catena – Sequence of Soils on Prior Stream Landscapes.

Summary of findings – Accelerating Change
Workshops.
Start to answer some of the questions, or at
least raise awareness of soil physics &
chemistry.

Goulburn Valley. July 2016.
•
•
•
•
•
•
•
•
•
•
•
•
•

3 farms, 6 soil pits.
Border check irrigation – current and past.
Annual and perennial pastures.
Land-formed sites and significant modification.
Sites with 70+ years of irrigation.
Sites with recycled water application.
Waterlogged conditions, soil structure, nutrition…
Shallow effective rootzone depths.
Soil physical amelioration on one site.
Soil structural problems.
Readily available water discussion.
Bleached subsurface horizons.
Drainage – surface and subsurface.

Goulburn Valley. July 2016.

Goulburn Valley. July 2016.

Goulburn Valley Workshop - Summary Report
Key issues / priorities for soil management in the region:
1.

Depth & Structure of A Horizon Topsoil.

2.

Effective Root Zone Depth & Available Water Content.

3.

Waterlogging, Surface & Profile Drainage.

4.

Consolidated, Compacted or Beached Subsurface Horizons, Including the
“A2” Horizon.

5.

Permeability of Medium & Heavy Clay Subsoils.

6.

Dispersive or Sodic Topsoils or Subsoils.

7.

Hostile Subsoil.

8.

Acidic Topsoils.

Blighty. January 2017.
FARM 1.
• Maize.
• Variable soil types
• Shallow sandy clay loam over heavy clay
• Deep sand to 50cm over sandy clay.

• Focused on lower ends of bays where
germination problems were observed.
• Soil crusting

• Dispersive soil & sodic conditions
• Waterlogging
• Heavy clay subsoils
• Surface drainage and soil texture.
• Deep drainage in sandy soils
• Soil chemical amelioration in variable soil types
• Organic matter and place in irrigated cropping.

Blighty. January 2017.
FARM 2.
• Maize.

• Variety of soil types from Red Brown Earths
with deep topsoil to grey cracking clays
• Ripping employed as a trial to improve soil
structure.

• Response in plant growth.
• Clear response in root growth.
• Free water in subsurface horizons on Red
Brown Earths.
• Soil structural issues.
• Rootzone depth, available water content
and irrigation interval.
• Gypsum quality and use – where and when.
• Gypsum vs lime – discussion.
• Agronomist inputs.

TREATED

UNTREATED

Blighty NSW. January 2017.

Summary of findings:
Autumn Start Up Workshops.
February 2017.

Kiewa Valley – Dederang.
• High rainfall zone – Average
872mm/year
• Red Soils – Deep, friable, acidic
duplex soils in well drained areas.
• Acidic to full depth of the pit.
• Soil pH (water) levels 4.9-6.0 common.
• Well structured, well-drained light clay
subsoil.

• Grey duplex soils in lower areas and
depressions.
• Deep topsoil, prominent subsurface
bleach
• Well structured subsoil, with low
permeability.

Kiewa Valley – Dederang.

• Water Use Efficiency
from rainfall. Too much –
too little.
• Waterlogging and
pugging – average year
scenario, post 2016
scenario.
• Surface drainage
• Subsurface drainage
• Growing seasons – split
between autumn and
spring.
• Lime quality.
• Liming depth.
• Tillage.
• Organic matter.

Goulburn Valley - Stanhope.
•

Lucerne.
• Drying
• Cracking
• Maintaining soil structure
• Deep movement of water, topsoil, organic
matter and nutrients

•

Annual vs perennial pastures and soil structure –
constant wetting.

•

Soil slaking – aggregates collapsing.

•

Dispersive soil – not the issue on the surface.

•

Topsoil structure.

•

Subsoil structure.

•

Effective root zone depth.

•

Available water content.

•

Landforming – Impacts of lazering.

Goulburn Valley - Waaia.
• Soil preparation for winter pastures and crops.
• Tillage practices – how much tillage is too
much?
• Soil ameliorants – establishing priorities.

• How to get optimal performance from pastures
and crops – avoid getting too wet too early.
• Nutrition – only as good as the moisture
condition.
• Soil ameliorants and organic matter – how
organic matter works in many ways.

Murray Valley – Cohuna.
• Heavier / clayeyer soil types.
• Infiltration rate vs irrigation application
– too wet / too dry?
• Waterlogging on medium and heavy
clays – how to manage?
• Cracking clays – how they function.
• Self-mulching.
• Gypsum use – why? How much?
• Landforming.
• Salinity.

Riverina – Deniliquin / Blighty.
• Duplex profiles – how they function.
• Infiltration
• Water holding capacity

• What to do with paddocks that are like
concrete?
• Role of organic matter.
• Profiles with deep sand – surprise to
the landowner.
• Role of tillage in intensive systems.

SUMMARY:
• Every site was different. Many similar, all have unique characteristics
impacting production.
• Overlap / relationships between soil chemistry and physics. Soil
chemical test results tell us a lot.
• Both equally important.
• Soil physical properties is the starting point.
• Relate yield potential in pastures and grains to nutrition in specific
zones.

Soil physical properties influencing production & yield.
1.

Soil texture (McDonald et al, 1990).

2.

Topsoil depth (Butler, 1955; Cockroft & Dillon, 2004)

3.

Soil structure (Freebairn et al, 1997; McDonald et al. 1990; US Dept. Ag, 1951)

4.

Bulk density (t/m3) (Brady, 1990; White, 1979)

5.

Aggregate slaking and consolidation (Herrick et al. 2001; Tisdall & Oades, 1982).

6.

Clay colloid dispersion and consolidation (Emerson, 1967; Charman & Murphy, 1991; Naudu et al. 1995).

7.

Effective root zone depth (Kramer & Boyer, 1995; Schaetzl & Anderson, 2005).

8.

Volume and distribution of the plant root system & root score (Kramar & Boyer, 1995)

8.

Naturally occurring lime, type of lime and depth to lime (Brady & Weil; 2008; Cockroft & Dillon, 2004)

9.

Soil colour and drainage score (McDonald et al, 1990, Munsell Colour Charts, 1975).

10.

Soil consistence (Butler, B. E. 1955; McDonald et al. 1990).

11.

Soil dispersion - sodic soils and dispersive soils (Emerson, 1967;)

12.

Self-mulching & shrink-swell processes in clays (Churchman et al. 1995; McGarity et al, 1984).

HOW BIG IS THE BUCKET?

Understand / Calculate / Treat / Plan:
1.

Effective Root Zone Depth & Available Water Content.

2.

Waterlogging, Surface & Profile Drainage.

3.

Consolidated, Compacted or Beached Subsurface Horizons, Including the “A2” Horizon.

4.

Permeability of Medium & Heavy Clay Subsoils.

5.

Dispersive or Sodic Topsoils or Subsoils.

6.

Hostile Subsoil & their Impact on Production – Lime, salt, boron, sodic conditions.

7.

Acidic Topsoils & their Impact on Production.

Soil Physics vs Soil Chemistry
QUESTION:
Will you consider soil physical and chemical properties in your
agronomic planning in the future?

How else do you plan to increase water use efficiency and production?

This Season:
1. Legacies from a wet year last year?
2. Legacies from summer cropping?
3. Nutrition:

• Is it there or not?
• Are you going to get it?

4. Assessment of soil physical properties:

• Do you know what you are working with?
• Have you set realistic yield targets based on the soil profiles?

5. Have you carried out soil amelioration adequately:

• Soil physics? Must improve soil structure and early root growth.
• Soil chemistry – must treat what is most limiting. Soil pH? Sodicity? Dispersion?

