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Drivers of fallow efficiency: Effect of soil properties and rainfall patterns on
evaporation and the effectiveness of stubble cover
Kirsten Verburg1, Jeremy Whish2
CSIRO Agriculture Canberra1 and Toowoomba2
Key words
Plant Available Water (PAW), Plant Available Water Capacity (PAWC), fallow management, stubble
retention
GRDC code
CSP00170 and past projects CSA00013 and ERM00002.
Take home message


Soil properties (bulk soil and surface conditions) affect fallow efficiency through their effects on
the different water balance terms.



Rainfall patterns affect fallow efficiency as well as the effectiveness of stubble cover to reduce
evaporation losses.



The more limited effect of stubble retention on evaporation does not take away the benefits
stubble cover provides in protecting the soil surface, increasing infiltration and reducing runoff
and erosion.

Plant available water at sowing and fallow efficiency
Plant available water (PAW) at sowing will depend on water left behind by a previous crop, rainfall
amount during the fallow and its distribution, efficiency of water infiltration (versus runoff),
evaporation, water use (transpiration) by weeds, drainage beyond the root zone and in some cases
subsurface lateral flow. Fallow efficiency, defined as the proportion of rain falling during the fallow
period that becomes PAW, is similarly affected by these water balance terms (Figure 1).
Fallow management like stubble retention or weed control can change the magnitude of some of
these water balance terms. In this paper we discuss how soil properties and rainfall patterns affect
evaporation and the effectiveness of stubble cover.
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Figure 1. The relative magnitude of the different water balance terms determines the balance of
inputs and losses and hence the fallow efficiency.
Impact of soil properties on evaporation
Just like soil properties affect the Plant Available Water Capacity (PAWC; see Verburg et al. paper in
these proceedings), they also influence the magnitude of the different fallow water balance terms
and hence PAW and fallow efficiency. The smaller particle size of clay soils allows them to hold larger
quantities of water than sandy soils (i.e. lower drainage losses), but also causes the pore space
(space between particles) to be finer. This reduces the water infiltration rate and can increase runoff
losses, particularly in high intensity rainfall events and following prolonged rainfall. Soil surface
conditions can, however, dramatically change this picture: open cracks in shrink‐swell soils will aid
infiltration, whereas surface sealing will increase runoff.
The higher PAWC of clay soils also means that water from small events is stored close to the soil
surface where it will often be lost to evaporation if no follow up rain occurs. In sandy soils the water
will infiltrate deeper into the profile.
Evaporation can dry the soil to below the crop lower limit in the surface layer. While this is a slow
process in clay soils, the amount of rainfall needed to replenish this unavailable ‘bucket’ following a
prolonged dry period will be larger in a clay soil than in a sandy soil. This is illustrated in Figure 2
where a sandy clay loam soil can hold 11.9 mm of water between the air‐dry value and drained
upper limit, but with only 8.7 mm available to the plant and an unavailable water capacity (UWC) of
3.2 mm. If evaporation had dried the soil to air dry and we had a 10mm rainfall event only 6.8 mm
would be available for plant growth.
In contrast the heavy clay soil in Figure 2 holds 42mm between air dry and drained upper limit of
which 20 mm is available for plant growth. In the same scenario as before, if the soil was dry and we
had a 10 mm rainfall event there would be no water available for plant growth, unless it want down
a deep crack into deeper and less dry soil. Over 22mm of rain needs to fall to fill the unavailable
bucket in the surface of this soil. Fortunately, the fine structure of the heavy clay soil also means the
unavailable bucket will take a long time to dry out, so that on many occasions only the upper layers
of the soil will need to be refilled.

Figure 2. Conceptual diagram of the difference in unavailable water bucket size (UWC) in the surface
20 cm of a sandy clay loam and a heavy clay soil
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Impact of rainfall pattern
The interaction between depth of infiltration and susceptibility to evaporation loss also plays a role
in determining the effectiveness with which rainfall is turned into PAW for the subsequent crop.
Unless runoff is an issue, large rainfall events will infiltrate deeper than small events, allowing some
of the water to be pushed below the evaporation zone and contribute to PAW at sowing. Single,
isolated rainfall events have, however, typically a lower efficiency than more frequent events. When
two or more rainfall events occur closely together, the resulting soil water ‘pulses’ can build on each
other (Figure 3). The amount of water needed to refill the unavailable bucket in the surface layer
(following evaporation) is reduced, thereby allowing the water to move deeper into the profile.
The amount of overlap between soil water ‘pulses’ is affected by a balance between pulse frequency
and pulse duration. Rainfall frequency is the driver behind pulse frequency, whereas pulse duration
is affected by the amount of infiltrated rainfall, evaporative demand, stubble cover and soil type.
The above illustrates why the same amount of rainfall can result in different fallow efficiencies.
Surface conditions can, however, complicate the picture. Surface sealing following multiple or
prolonged rainfall events can reduce the infiltration rate and increase runoff. Conversely, a single
large storm on a dry cracking clay soil can infiltrate deeper via the open cracks.

Separate pulses

+ Stubble cover
– Stubble cover

Time (days)

Overlapping pulses

Time (days)
Figure 3. Rainfall events (vertical blue bars) cause pulses of soil water that last for different amounts
of time in the presence (black lines) or absence (grey lines) of stubble. When pulses overlap, more
water infiltrates beyond the evaporation zone in the presence of stubble cover and this will increase
fallow efficiency. (Adapted from Verburg et al. 2010)
Impact of rainfall pattern on the effectiveness of stubble to reduce evaporation
While rainfall pattern effects are beyond our control, fallow efficiency can be maximised by reducing
the losses. Several trials in recent years have demonstrated that weed control dramatically reduces
transpiration losses (e.g. Hunt et al. 2011; Routley 2010) and that stubble retention increases
infiltration and hence reduces runoff losses (Whish et al. 2009; Hunt et al. 2011). The effect of
stubble and stubble management (e.g. standing vs. flattened stubble) on reducing evaporation
losses has, however, often disappointed people with many trials returning no significant treatment
effects (e.g. Scott et al. 2010; Hunt et al. 2011; Hunt 2013). The exception is when large amounts of
stubble are concentrated on a smaller area to create high loads (Hunt et al. 2011).
The observed limited effectiveness of stubble cover to reduce evaporation losses can be explained
using the same concept of soil water pulses. The high evaporative demand experienced during
6

summer in Australia limits the duration of the soil water pulses. In the case of sparse rainfall events
this allows the system with stubble cover to ‘catch up’, despite the initial reduction in evaporation.
Freebairn et al. (1987) showed this experimentally in soil evaporation studies using shallow weighing
lysimeters. Stubble cover slowed evaporation for around 3 weeks following rainfall, but there was no
longer term benefit to soil moisture levels. If the next rainfall event occurs prior to the system
catching up, soil water will move deeper in the system with stubble cover and may store (more)
water beyond the nominal evaporation zone. A higher level of stubble cover (as in experiments by
Northern Grower Alliance, 2015) will prolong the duration of the soil water pulse, increasing the
chance of events overlapping and of causing a lasting increase in PAW. In the event of small, isolated
rainfall events, high loads of stubble may be detrimental to overall PAW with the water captured in
the stubble layer and prone to evaporation.
As shown in Figure 3, evaporative demand plays a role too. A lower evaporative demand will
lengthen the duration of soil water pulses and hence increase the chance of pulses to overlap.
Indeed simulations as well as data from lysimeter experiments near Wagga Wagga by Verburg et al.
(2012) showed that stubble cover later in autumn and early winter (when evaporative demand was
lower and rainfall frequency higher) did cause a significant reduction in evaporation (10‐15 mm over
an 8‐week period following sowing into a stubble load of 4 t/ha while differences over the preceding
4 months during summer were only 3‐4 mm).
Final remarks
Understanding the drivers of fallow efficiency and awareness of the particular conditions
experienced during the fallow will assist in explaining observed PAWs and predict which fallow
seasons may have higher or lower fallow efficiency. When using PAW to inform management
decisions, it is, however, recommended to confirm actual PAW levels through measurement (soil
core, push probe).
While this paper specifically discussed the evaporation loss term of the water balance, it should be
noted that the more limited effect of stubble retention on evaporation does not take away the
benefits stubble cover provides in protecting the soil surface, increasing infiltration and reducing
runoff and erosion.
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Information regarding the plant available water (PAW) at a point in time, particularly at planting,
can be useful in a range of crop management decisions. Estimating PAW, whether through use of
a soil water monitoring device or a push probe, requires knowledge of the plant available water
capacity (PAWC) and/or the Crop Lower Limit (CLL).



A wide variety of soils in the northern region have been characterised for PAWC and the
characterisations are publicly available in the APSoil database, which can be viewed in Google
Earth and in the ‘SoilMapp’ application for iPad.



The field‐based method for characterising PAWC has been tried and tested across Australia, but
users need to be mindful of common pitfalls that can cause characterisation errors.



Knowledge of physical and chemical soil properties like texture or particle size distribution and
(sub) soil constraints helps interpret the size and shape of the PAWC profiles of different soils. It
can also assist in choosing a similar soil from the APSoil database.



Extrapolating from the point‐based dataset to predict PAWC at other locations of interest is a
challenge that needs further research. Preliminary analyses drawing on soil landscape mapping
(NSW) and land resource area (LRA) mapping (Queensland) suggest that an understanding of
position in the landscape and the story of its development may assist with extrapolation. This is
because in many landscapes the soil properties determining PAWC are tightly linked to a soil's
development and position in the landscape and these same aspects underpin soil and land
resource surveys.



While the concept of using soil‐landscape information to inform land management is not new
(e.g. Queensland land management manuals draw on the same concept), the availability of
these maps on‐line makes them more accessible and assists with visualising a location’s position
in the landscape. Combining these maps with the geo‐referenced APSoil PAWC characterisations
will increase the value that both resources can provide to farmers and advisors.



Uncertainty of PAWC estimates translates into uncertainty in PAW. The extent to which this
affects potential decision making depends on the question asked, but also needs to be viewed in
terms of the spatial variability in PAW and the accuracy of the method to convert this water into
a yield forecast.

Plant available water and crop management decisions
A key determinant of potential yield in dryland agriculture is the amount of water available to the
crop, either from rainfall or stored soil water. In the northern region the contribution of stored soil
water to crop productivity for both winter and summer cropping has long been recognized. The
amount of stored soil water influences decisions to crop or wait (for the next opportunity or long
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fallow), to sow earlier or later (and associated variety choice) and the input level of resources such
as nitrogen fertiliser.
The amount of stored soil water available to a crop ‐ Plant Available Water (PAW) – is affected by
pre‐season and in‐season rainfall, infiltration, evaporation and transpiration. It also strongly depends
on a soil’s Plant Available Water Capacity (PAWC), which is the total amount of water a soil can store
and release to different crops. The PAWC, or ‘bucket size’, depends on the soil’s physical and
chemical characteristics as well as the crop being grown.
Over the past 20 years, CSIRO in collaboration with state agencies, catchment management
organisations, consultants and farmers has characterised more than 1000 sites around Australia for
PAWC. The data are publicly available in the APSoil database, including via a Google Earth file and in
the ‘SoilMapp’ application for iPad (see Resources section).
A number of farmers and advisers, especially in the southern Australia, are using the PAWC data in
conjunction with Yield Prophet® to assist with crop management decisions. Yield Prophet® is a tool
that interprets the predictions of the APSIM cropping systems model. It uses the information on
PAWC along with information on pre‐season soil moisture and mineral nitrogen, agronomic inputs
and local climate data to forecast, at any time during the growing season, the possible yield
outcomes. Yield Prophet® first simulates soil water and nitrogen dynamics as well as crop growth
with the weather conditions experienced to date and then uses long term historical weather record
to simulate what would have happened from this date onwards in each year of the climate record.
The resulting range of expected yield outcomes can be compared with the expected outcomes of
alternative varieties, time of sowing, topdressing, etc. to inform management decisions.
Others use the PAWC data more informally in conjunction with assessments of soil water (soil core,
soil water monitoring device or depth of wet soil with a push probe) to estimate the amount of plant
available water. Local rules of thumb are then used to inform the management decisions.
The APSoil database provides geo‐referenced data (i.e. located on a map), but the PAWC
characterisations are for points in the landscape. To use this information one needs to find a similar
soil. This is not a straight forward process and subject of ongoing research, but a number of data and
information sources are available that can assist. If suitable PAWC data are not found, local
measurement of PAWC is required. This will often also provide a more accurate estimate although
spatial variability may still be an issue.
This paper describes the measurement of PAWC, including practical tips and pitfalls, and outlines
where to find existing information on PAWC. It discusses the principles behind extrapolation from
known soil profiles and illustrates this with examples of PAWC data for local soils.
Plant Available Water Capacity (PAWC)
To characterise a soil’s PAWC, or ‘bucket size’, we need to determine (Figure 1a):


drained upper limit (DUL) or field capacity – the amount of water a soil can hold against gravity;



crop lower limit (CLL) – the amount of water remaining after a particular crop has extracted all
the water available to it from the soil; and



bulk density (BD) – the density of the soil, which is required to convert measurements of
gravimetric water content to volumetric water content

In addition, soil chemical data are obtained to provide an indication whether subsoil constraints (e.g.
salinity, sodicity, boron and aluminium) may affect a soil’s ability to store water, or the plant’s ability
to extract water from the soil.
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Figure 1. (a) The Plant Available Water Capacity (PAWC) is the total amount of water that each soil
type can store and release to different crops and is defined by its Drained Upper Limit (DUL) and its
crop specific crop lower limit (CLL); (b) Plant Available Water (PAW) represents the volume of water
stored within the soil available to the plant at a point in time. It is defined by the difference between
the current volumetric soil water content and the CLL.
Plant Available Water (PAW)
Plant available water is the difference between the CLL and the volumetric soil water content (mm
water / mm of soil) (Figure 1b). The latter can be assessed by soil coring (gravimetric moisture which
is converted into a volumetric water content using the bulk density of the soil) or the use of soil
water monitoring devices (requiring calibration in order to quantitatively report soil water content).
An approximate estimate of PAW can be obtained from knowledge of the PAWC (mm of available
water/cm of soil depth down the profile) and the depth of wet soil (push probe or based on a feel of
wet and dry limits using an uncalibrated soil water monitoring device).
Knowledge of PAW can inform management decisions and many in the northern region have,
formally or informally, adopted this. Several papers at recent GRDC Updates have illustrated the
impact of PAW at sowing on crop yield in the context of management decisions (see e.g. Routley
2010, Whish 2014, Dalgliesh 2014 and Fritsch and Wylie 2015).
Field measurement of PAWC
Field measurement of DUL, CLL and BD are described in detail in the GRDC PAWC Booklet ‘Estimating
plant available water capacity’ (see Resources section). Briefly, to determine the DUL an area of
approximately 4 m x 4m is slowly wet up using drip tubing that has been laid out in spiral (see Figure
2). The area is covered with plastic to prevent evaporation and after the slow wetting up it is allowed
to drain (see GRDC PAWC booklet for indicative rates of wetting up and drainage times). The soil is
then sampled for soil moisture and bulk density.
The CLL is measured either opportunistically at the end of a very dry season or in an area protected
by a rainout shelter between anthesis/flowering and time of sampling (Figure 2). This method
assumes the crop will have explored all available soil water to the maximum extent and it accounts
for any subsoil constraints that affect the plant’s ability to extract water from the soil.
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Figure 2. Wetting up for Drained Upper Limit (DUL) determination and rainout shelter used for crop
specific crop lower limit (CLL) determination.
Pitfalls and common mischaracterization issues
While the concept of PAWC is simple and the measurement methods for DUL and CLL were
developed to be straightforward and not require any sophisticated equipment, it is important to
keep an eye out for possible sampling errors. The list below summarises some of the key pitfalls and
common mischaracterization issues that we have come across in our collective experience of PAWC
characterisations across Australia.
To allow interpretation and use of the data by others, PAWC characterisations should be
accompanied by as much extra information as possible, including descriptions of the landscape
position, surface condition (e.g. cracking, waterlogging), colour, texture (ideally with a full particle
size analysis), Australian soil classification and any local classification soil name.
Drained upper limit (DUL)


Weeds are often seen growing on the side of the plastic cover. It is important that these are
strictly controlled throughout the wetting up process until sampling.



In sandy‐textured soils the concentric rings of dripper line must be laid sufficiently close to each
other to ensure consistent wetting across the whole area.



Allowing insufficient time for drainage may lead to overestimation of DUL, especially at depth.
Heavier soils can take 1‐2 months to drain.



Insufficient water application or application at too high a rate leads to underestimation of DUL at
depth. This is particularly an issue with heavy clay soils, dispersive sodic soils and strong duplex
(texture contrast) soils where water may move sideways. Both the GRDC PAWC booklet and the
Soil Matters book provide indicative rates and amounts for different soils. The wetting and
drainage processes may be monitored (e.g. using NMM or a moisture probe), but this is not
often done due to cost constraints (time, money).



Bulk density sampling, which is often done in conjunction with DUL sampling, requires a
relatively high level of precision as any error in bulk density values will propagate when used to
convert gravimetric water contents (including DUL, CLL and PAW) into mm of water. The
procedure is described and illustrated in detail in the GRDC PAWC booklet.



Snakes like to hide under the plastic, so take care when wetting and sampling the plot.

Crop specific crop lower limit (CLL)


The CLL method as described above relies on crop roots exploring the soil to the fullest extent. If
the crop had insufficient moisture to establish its root system prior to anthesis, the CLL may not
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reflect maximum soil water extraction. Roots will not grow through a dry layer even if there is
moisture underneath. It is, therefore, important to perform CLL measurement in paddocks with
a well established and healthy crop. Wetting up of the CLL site prior to the growing season may
help, but requires close attention to weeds and to supplying the right amount of nitrogen
fertiliser.


In wetter climates and years with rainfall in the weeks just prior to the erection of rainout
shelters at anthesis may refill the PAWC ‘bucket’. If the PAWC is large, this may prevent the crop
from using all soil water and result in an overestimate of CLL (too wet). Ideally CLL is measured
over multiple seasons, but this is rarely done in practice. Calibrated moisture probes can be an
effective tool to assess a crop’s ability to extract moisture over a range of different seasons.



The CLL measured for one crop type may not apply to a different crop type, especially where
growing season length or susceptibility to subsoil constraints differs. It is possible that long‐
season varieties may extract water from a greater depth than short season varieties because of
more extensive root development, and hence result in different CLL.



If sampling is not deep enough to capture the full root zone, PAWC will be underestimated. In
this case the CLL and DUL do not reach the same value at the bottom of the profile.



If there is insufficient wetting of the profile prior or during the growing season, the measured
CLL may reflect the CLL of a previous crop. If the current crop has a shallower root system this
could cause the PAWC to be overestimated. Wetting up of the CLL site prior to the season may
help. Taking a soil core when the rainout shelter is installed and comparing values against those
determined at the time of final sampling can assist with interpretation of the data.



Rainout shelters have blown loose or away on occasions, so it is important to secure the sides
firmly into the soil.



For duplex soils located on hills slopes > 3‐5% or soils at the break of slope, subsurface lateral
flow can cause soil wetting despite the presence of a well constructed rain‐out shelter. Keep an
eye on late season rainfall and note any unusual wetness in samples collected.



Sampling after harvest when the soils are dry and hard, or have hard layers can be tricky. Digging
a soil pit can be a better alternative than soil coring from the surface in these situations.

General


Soil variability may mean there is more than one PAWC profile within the paddock. Variability in
depth of layers, e.g. texture contrast in duplex soils, can occur over small distances. This makes
mixing replicates and selecting a “representative soil” difficult.



High soil variability can cause the DUL and CLL measurements to effectively be on different soils
(even though they are usually only 2‐3 m apart). It is essential to measure DUL and CLL on the
same soil type. Yield or soil maps may assist in deciding where to sample.

Where to find existing information on PAWC
Characterisations of PAWC for more than 1000 soils across Australia have been collated in the APSoil
database and are freely available to farmers, advisors and researchers. The database software and
data can be downloaded from https://www.apsim.info/Products/APSoil.aspx. The characterisations
can also be accessed via Google Earth (KML file from APSoil website) and in SoilMapp, an application
for the iPad available from the App store. The yield forecasting tool Yield Prophet® also draws on this
database.
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In Google Earth the APSoil characterisation sites are marked by a shovel symbol (see Figure 3a), with
information about the PAWC profile appearing in a pop‐up box if one clicks on the site. The pop‐up
box also provides links to download the data in APSoil database or spreadsheet format.
In SoilMapp the APSoil sites are represented by green dots (see Figure 3b). Tapping on the map
results in a pop‐up that allows one to ‘discover’ nearby APSoil sites (tap green arrow) or other soil
(survey) characterisations. The discovery screen then shows the PAWC characterisation as well as
any other soil physical or chemical analysis data and available descriptive information.
Most of the PAWC data included in the APSoil database has been obtained through the field
methodology outlined above, although for some soils estimates have been used for DUL or CLL.
Some generic, estimated profiles are also available. While field measured profiles are mostly geo‐
referenced to the site of measurement (+/‐ accuracy of GPS unit), generic soils are identified with
the nearest, or regional town.
The report PROFILE descriptions – District guidelines for managing soils in north‐west NSW by
Daniells et al. (2002) provides PAWC characterisations for 17 soils in the region drawing on the same
methodology. In addition this report provides valuable soil descriptions for areas around
Coonabarabran, Coonamble, Moree, Pilliga, and Walgett.

14

Figure 3. Access to geo‐referenced soil PAWC characterisations of the APSoil database via (top)
Google Earth and (bottom) SoilMapp (APSoil discovery screens as inserts).
Factors that influence PAWC
An important determinant of the PAWC is the soil’s texture. The particle size distribution of sand, silt
and clay determines how much water and how tightly it is held. Clay particles are small (< 2 microns
in size), but collectively have a larger surface area than sand particles occupying the same volume.
This is important because water is held on the surface of soil particles which results in clay soils
having the ability to hold more water than a sand. Because the spaces between the soil particles
tend to be smaller in clays than in sands, plant roots have more difficulty accessing the space and the
more tightly held water. This affects the amount of water a soil can hold against drainage (DUL) as
well as how much of the water can be extracted by the crop (CLL).
The effect of texture on PAWC can be seen by comparing some of the APSoil characterisations from
the northern region, as illustrated below (Figures 4‐6). The soil’s structure and its chemistry and
mineralogy affect PAWC as well. For example, subsoil sodicity may impede internal drainage and
subsoil constraints such as salinity, sodicity, toxicity from aluminium or boron and extremely high
density subsoil may limit root exploration, sometimes reducing the PAWC bucket significantly.
The CLL may differ for different crops due to differences in root density, root depth, crop demand
and duration of crop growth. Some APSoil characterisations only determined the CLL for a single
crop. The CLL for wheat, barley and oats are often considered the same and that of canola can be
found to be similar as well, but care needs to be taken with such extrapolations as different
tolerances for subsoil constraints can cause variation between crops.
A detailed explanation of the factors influencing PAWC is included in the Soil Matters – Monitoring
soil water and nutrients in dryland farming book, a pdf of which is available for free online (see
Resources section).
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Nyngan‐Trangie‐Coonamble
The APSoil database contained relatively few PAWC characterisations in the wider Nyngan‐Trangie‐
Coonamble area, despite the high variability in soils. The complex set of soils is dominated by alluvial
soils laid down by the Macquarie, Bogan and Castlereagh Rivers between 5,000 and 1.5 Million years
ago. There are also soils formed on bedrock to the west of Nyngan and south east of Collie. The
Glovebox guide to Soil of the Macquarie‐Bogan Flood Plain (Hulme 2003) provides a description soils
and their features. It does this through a mapping based on the underlying 1:250,000 Nyngan
geology map, which distinguishes different formations and position in the flood plain (meander plain
vs. back plain). The guide does not provide information on PAWC, but the current project is
characterising further soils in this area, targeting different soil‐landscape units. Examples below
illustrate that texture as affected by parent material is an important factor affecting the PAWC
(Figure 4), that soils can vary significantly over a short distance (Figure 5; distance between the sites
is < 3 km), but can also have a similar sized PAWC, despite being in different parent materials (Figure
6).
(Figure captions refer to soil‐landscape units from a draft Nyngan soil‐landscape map and
accompanying report – see subsequent section on using soil‐landscape information.)
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Figure 4. Select soils near Warren NSW and Nyngan NSW:
(a) Medium clay (APSoil 705) near Warren. Exact location unknown, but likely from back plain
position in alluvial sediments of the Macquarie River.
(b) Sandy clay loam over light clay changing to clay loam at depth (APSoil 248) near Warren. Exact
location unknown, but likely from meander plain position in alluvial sediments of the Macquarie
River.
(c) Sandy clay loam over sandy clay (APSoil No246) near Nyngan on. On an older, higher alluvial plain
of Pangee Creek. The different parent material results in a much lighter texture (e.g. 70 % sand in
top 30 cm compared with 50% for APSoil 248).
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Figure 5. Select soils near Trangie NSW:
(a) Sandy clay loam (APSoil 683) near Trangie. Alluvial sediment formed on a meander plain of the
Macquarie River more than 150,000 years ago. There is a higher proportion of sand, particularly in
the surface of this soil reflected in a lower PAWC.
(b) Light over medium clay reverting to a sandy clay at depth (APSoil 684) near Trangie. Alluvial
sediment formed on a back plain of the Macquarie River more than 150,000 years ago. The back
plains are characterised by large flat areas where finer sediments were deposited from the lower
energy flows. These finer sediments produce soils with higher PAWC.
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Figure 6. Select soils near Collie NSW:
(a) Vertisol formed on alluvial back plains of the Castlereagh River between 15,000 and 150,000
years ago. Alluvial material originated from Jurassic and Cretaceous sandstone to the east and
deposited in low energy flows forming large, flat, treeless areas dominated by cracking clays.
Chemistry data pending, but soils in this soil‐landscape unit commonly have sodic subsoils which
may explain the narrowing PAWC. Draft characterisation.
(b) Vertisol formed primarily from basaltic tertiary volcanic material. This landscape was the lower
colluvial slopes and depressions associated with finer sediments. The PAWC of this basaltic origin soil
is similar to the nearby vertisols formed on the back plains of the Macquarie River. Draft
characterisation.
(Part of a new set of characterisations with support from Neroli Brennan and Graeme Callaghan.)
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Choosing an APSoil characterisation
As shown above, the soil PAWC can vary significantly. How do we choose the most appropriate
APSoil characterisation, if we are not in the position to do a local field PAWC characterisation? This is
still research in progress, but some guidance can already be provided.


The nearest APSoil may not be the most appropriate as its soil, parent material and
landscape position could be quite different (cf. Figure 5)



Compare soil with descriptions of the APSoil sites (texture, colour, soil classification,
chemical analysis). More recently collected APSoil characterisations include chemical
analysis and particle size. As illustrated in Figures 4‐6 both particle size and subsoil
constraints strongly affect the PAWC.



Dig a hole (soil auger, soil core, backhoe trench, roadside bank or cutting); note surface
features (cracking, hard setting), subsoil issues (salinity, sodicity, etc), rooting depth. This can
assist with APSoil selection as well as adapting an APSoil profile to local conditions (e.g. if
depth of texture change or rooting depth is different).



A measured sowing soil water profile (convert to volumetric) needs to ‘fit’ between CLL and
DUL and can assist with APSoil selection (Figure 1b). If the measured (volumetric) water
content profile is below CLL or above DUL then the texture of the soil does not match that of
the chosen APSoil.



Opportunistic CLL (e.g. soil core following a dry finish; convert to volumetric) can be
compared with CLL of APSoil characterisations.



Check for nearby soil survey characterisations (SoilMapp, Espade, Queensland Globe (see
Resources section) and local soil reports) to help describe soils.



Draw on soil‐landscape mapping (where available) to find APSoil sites in similar landscape
positions (see below).



Native vegetation is often a useful indicator of soil type too and is indeed often included in
information about soil‐landscape, land resource area and land systems units.

Using soil –landscape information
In many landscapes the soil properties are tightly linked to a soil's development and position in the
landscape and these same aspects underpin the many soil and land resource surveys that have been
carried out over the years and that are increasingly becoming available on‐line. Many of these
present a mapping of so‐called soil‐landscape units that are based on a combination of geology,
landscape features like slope and relief, vegetation and groups of soils. Effectively the distribution of
soil types described by these maps and their mapping units descriptions are based on a landscape
model or story. These descriptions can be used to interpret and potentially extrapolate APSoil
characterisations as illustrated in the captions of Figures 4 – 6.
In parts of NSW these soil‐landscape units can be accessed through the ESpade tool (see Resources
section), which delineates the units and provides a description and typical soil profiles for each unit
(see Figure 7). In parts of Queensland, similar land resource area (LRA) mappings are used as part of
land management manuals (see Figure 8). Where this information is available, it may be possible to
use it to find an APSoil site in a similar landscape position as a first approximation of PAWC.
The concept of using soil‐landscape information to classify and inform soil properties is not new. The
Queensland land management manuals accompanying the LRA maps draw on the same concept as
do the Glovebox Guide to Soil of the Macquarie‐Bogan Flood Plain by Hulme (2003) and several Soil
Specific Management Guidelines for Sugarcane Production in different sugarcane growing areas from
northern NSW to northern Queensland (e.g. Wood et al. 2003). The availability of these maps on‐line
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makes them more accessible and assists with visualising a location’s position in the landscape.
Combining these maps with the geo‐referenced APSoil PAWC characterisations will increase the
value that both resources can provide to farmers and advisors.
Using these resources to inform or even predict PAWC profiles is, however, still research in progress.
In particular its predictive power and spatial accuracy still needs to be assessed as well as the
required level of soil and landscape information. Not all areas within the northern region are
covered by these soil‐landscape maps and knowledge of (hydraulic properties of) soils within these
areas varies too. Another resource that may proof useful in the future but requires further testing
for its use in predicting PAWC profiles, is the new Soil and Landscape Grid of Australia (see
Resources section) which provides digital soil and landscape attribute predictions at a spatial
resolution of 90 m x 90 m).

Figure 7. Example of soil‐landscape mapping available for parts of NSW through ESpade. Mapping
unit description is available through a pdf report and the landscape can be highlighted on the map.
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Figure 8. Section of Central Darling Downs with Land Resource Areas (LRA) delineated on Google
Earth map with APSoil sites indicated. The accompanying description assisted in explaining the
differences between some of the APSoil characterisations.
Local soil and landscape mapping information
Nyngan‐Trangie‐Coonamble
ESpade does not provide on‐line access to soil‐landscape mapping in this area, but a draft map based
on the 1:250,000 Nyngan geology map exists and a pdf copy of this draft can be found on
http://archive.lls.nsw.gov.au/__data/assets/pdf_file/0007/495979/archive‐nyngan‐soil‐landscape‐
phase2.pdf.
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Resources
APSoil, PAWC methodology and national information
APSoil database: http://www.apsim.info/Products/APSoil.aspx (includes link to Google Earth file)
SoilMapp (soil maps, soil characterisation, archive and APSoil sites): Apple IPad app available from
App store; documentation: https://confluence.csiro.au/display/soilmappdoc/SoilMapp+Home
GRDC PAWC booklet: http://www.grdc.com.au/GRDC‐Booklet‐PlantAvailableWater
Soil Matters book: http://www.apsim.info/Portals/0/APSoil/SoilMatters/pdf/Default.htm
Soil and Landscape Grid of Australia: http://www.csiro.au/soil‐and‐landscape‐grid
Yield Prophet®: http://www.yieldprophet.com.au
NSW
ESpade (soil‐landscape and land systems mapping and reports, reports on soil characterisation sites
from various surveys): http://www.environment.nsw.gov.au/eSpadeWebApp/
Unpublished soil‐landscape maps exist for: Nyngan, Walgett, Narromine, Narrabri, Gilgandra
mapsheets
Soil Profile Descriptions ‐ District guidelines for managing soils in north‐west NSW (Daniells et al.
2002)
Glovebox guide to Soil of the Macquarie‐Bogan Flood Plain (Hulme 2003)
Queensland
Land Management Manuals: https://publications.qld.gov.au/dataset?q=land+managament+manual
Land Resource Area (LRA) maps: Google Earth files: https://data.qld.gov.au/dataset/land‐resource‐
areas‐series or via the Queensland Globe https://www.business.qld.gov.au/business/support‐tools‐
grants/services/mapping‐data‐imagery/queensland‐globe
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Results are shown as text and graphics. Percentage of PAWC and mm water available take centre
stage with the water balance and where the water is in the soil profile on either side. The graphic at
the bottom of the screen shows the pattern of water accumulation, soil and crop cover.
Accumulated rain can be compared with historical patterns as an option.

Figure 2. Results screen showing both text and graphics. Percentage of PAWC and mm water
available take centre stage with the water balance and where the water is in the soil profile on
either side. The graphic at the bottom of the screen shows the pattern of water accumulation, soil
and crop cover.
The blue line looking forward from todays date (17 Jan in this example) is based on previous years
weather for the specified conditions while the shaded “plume” envelops 60% of likely outcomes.
Data is securely stored and available to multiple devices (other iPhones and iPads). We are currently
testing a wireless Bluetooth rain gauge and soil water sensors that SWApp detects and collects data
from when your device is nearby (10 metres). Additional facilities such as report generation, a Push
Probe data entry and an irrigation module are to be added during 2016.
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Take home message





Barley and bread wheat varieties varied in their yield response to crown rot infection at Nyngan
in 2015.
Cereal crop and variety choice provided a significant 48‐182% yield benefit over growing the
susceptible bread wheat variety EGA Gregory under high levels of crown rot infection.
Barley tends to have improved tolerance to crown rot but is very susceptible to infection and
will not reduce inoculum levels.
All winter cereal varieties are susceptible to crown rot infection and will not significantly reduce
inoculum levels for subsequent crops. Cereal crop and/or variety choice is NOT the sole solution
to crown rot.

Background
Crown rot, caused predominantly by the fungus Fusarium pseudograminearum is a significant
disease of winter cereal crops in the northern NSW and southern Qld. All winter cereal crops host
the crown rot fungus. Yield loss varies between crops and the approximate order of increasing loss is
oats, barley, triticale, bread wheat and durum. Barley is very susceptible to crown rot infection and
will build up inoculum but tends to suffer less yield loss through its earlier maturity relative to
wheat. Late planted barley can still suffer significant yield loss especially when early stress occurs
within the growing season.
Recent research highlights that some newer bread wheat varieties appear to vary significantly in
their level of yield loss to crown rot with some northern region varieties (Sunguard , Suntop , LRPB
Spitfire , LRPB Lancer and Mitch ) appearing to suffer less yield impacts compared to the widely
grown variety EGA Gregory . NSW DPI trials from a total of 23 sites conducted across the northern
region in 2013 and 2014 indicate that this can represent a yield benefit of around 0.50 t/ha in the
presence of high levels of crown rot infection.
Nyngan ‐ 2015
A replicated crown rot yield loss trial was conducted at Nyngan as part of a series of 12 sites across
northern NSW and southern Qld in 2015. Individual results from the Nyngan trial are presented here
but should be interpreted in conjunction with the across site analysis of the full series of 12 trials
conducted in 2015 (included elsewhere in these proceedings). There were two barley, 13 bread
wheat and one durum entry evaluated across trials in 2015 (Figure 1). The trials used an inoculated
versus uninoculated trial design, to evaluate the relative yield response of varieties to crown rot
infection at each site. Each site was further soil cored at sowing (separate bulk samples across each
range) to determine background pathogen levels using the DNA based soil test PreDicta B. Crown rot
inoculum levels and populations of the root lesion nematodes (RLNs) Pratylenchus thornei and P.
neglectus were below detection limit across the Nyngan trial site at sowing in 2015. A previous
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survey conducted by NSW DPI across the Nyngan region from 2010‐2012 found this to be an area of
NSW with inherently low RLN populations, which is a fortunate situation. RLNs feed inside the root
systems of susceptible varieties and crops and can impact on grain yield potential. Furthermore, in
winter cereals RLN can also exacerbate the expression of crown rot and hence increase the extent of
yield loss.
Did cereal crop type and/or variety make a difference?

Figure 1. Impact of crown rot on the yield of two barley, 13 bread wheat and one durum entry ‐
Nyngan 2015
At Nyngan, yield in the no added CR treatments (grey bars) ranged in the barley from 4.37 t/ha (La
Trobe ) to 3.45 t/ha (Commander ), in the bread wheat from 3.28 t/ha (Beckom ) to 2.48 t/ha
(Sunguard ) and was 2.37 t/ha with Jandaroi , the only durum variety included in the trial (Figure
1). The addition of crown rot inoculum at sowing (black bars) significantly reduced the yield of all but
three of the entries (LRPB Spitfire , Viking and Sunguard ) compared to the no added CR
treatments (grey bars). In the remaining bread wheat entries, yield loss associated with high levels of
crown rot infection ranged from 15% (0.44 t/ha) in LRPB Lancer up to 47% (1.22 t/ha) in EGA
Gregory . In barley, yield loss was 12% (0.54 t/ha) in La Trobe and 13% (0.44 t/ha) in Commander
(Figure 1). Yield loss associated with high crown rot infection was 41% (0.97 t/ha) in the durum
variety Jandaroi at Nyngan in 2015.
Concentrating purely on the extent of yield loss associated with crown rot infection in the different
varieties can potentially be misleading as entries can vary markedly in their actual yield potential in a
particular environment and season. Amongst the bread wheat entries, Viking and Sunguard had
the lowest yield loss from crown rot at Nyngan in 2015. However, in the absence of added CR (grey
bars) Viking was significantly lower yielding than Beckom (0.62 t/ha), QT15064R (0.56 t/ha) and
LRPB Gauntlet (0.47 t/ha) (Figure 1). Sunguard similarly in the no added CR treatment was
between 0.80 t/ha to 0.44 t/ha lower yielding than the bread wheat entries Beckom , QT15064R,
LRPB Gauntlet , LRPB Flanker , Sunmate , LRPB Spitfire and Suntop at Nyngan in 2015. Hence,
selecting a variety on the basis of reduced yield loss to crown rot should not come at the expensive
of yield potential.
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Another option for evaluating the data is to concentrate on the absolute yield achieved under high
disease pressure in the added CR treatments (black bars; Figure 1). Under high crown rot pressure
yield ranged from 3.83 t/ha in the barley variety La Trobe down to 1.36 t/ha in the widely grown
bread wheat variety EGA Gregory . Only the advanced bread wheat line V07176‐69 and the durum
variety Jandaroi were not significantly higher yielding than EGA Gregory in the presence of added
CR. The average yield benefit over growing EGA Gregory under high crown rot infection ranged
from 2.47 t/ha (182%) with the barley variety La Trobe down to 0.65 t/ha (48%) with the recently
released bread wheat variety Mitch . However, the relative yield benefit compared to EGA
Gregory was considerably greater with other bread wheat varieties such as LRPB Spitfire (1.35
t/ha; 99%), Beckom (1.33 t/ha), Viking (1.27 t/ha), LRPB Lancer (1.15 t/ha), Sunguard (1.11
t/ha) and Suntop (1.09 t/ha; 80%). Commander , the second barley variety in the trial, had a 1.64
t/ha (121%) yield benefit over EGA Gregory under high levels of crown rot infection in the added
CR treatments at Nyngan in 2015 (Figure 1).
Implications
Barley is very susceptible to infection by the crown rot fungus. It does not have improved resistance
to crown rot infection. Barley tends to yield better in the presence of crown rot infection due to its
earlier maturity relative to bread wheat, providing an escape mechanism which reduces its exposure
to evapotranspiration stress during the critical grain fill period. This is often referred to as tolerance.
It is CRITICAL that growers do not continue to confuse tolerance with resistance when considering
crown rot. Barley is likely to provide a yield advantage over wheat in the presence of high crown rot
infection but it will not reduce inoculum levels for subsequent crops. This is similarly true with any
bread wheat variety choice. Variety selection can improve yield in the presence of crown rot, though
all varieties still suffer yield loss. Variety selection can help maximise profit in the current season but
variety selection alone will not reduce inoculum levels for subsequent crops.
The barley variety La Trobe appeared quite promising for maximising yield in the presence of high
crown rot infection at Nyngan in 2015 and was also considerably higher yielding than other entries in
the no added treatment. La Trobe achieved a significant yield benefit over Commander barley
(0.83 t/ha) and the best performing bread wheat variety LRPB Spitfire (1.22 t/ha) in the presence of
high crown rot infection at Nyngan in 2015. La Trobe is malt accredited but relative grain price
(malt vs feed barley; wheat vs barley), the increased susceptibility of La Trobe to BYDV, impact on
Pt populations, segregation by grain accumulators and performance of other barley and bread wheat
varieties not included in these trials (www.nvt.online.com.au) should be considered as part of
potential variety choices for the Nyngan district. Unfortunately, grain quality data was not available
at the time of writing this update paper and should be included in any variety selection
considerations.
If forced into planting a cereal crop in a high crown rot risk situation then some barley varieties may
provide a yield advantage over bread wheat in that season, provided early stress does not occur.
Some of the newer bread wheat varieties do appear to be closing this gap to some extent. However,
a key message is that this decision is only potentially maximising profit in the current season.
Growing barley over bread wheat will not assist with the reduction of crown rot inoculum levels as
barley is still very susceptible to infection. Significant yield loss can still occur in the best of the
barley and bread wheat varieties in the presence of high crown rot infection (e.g. 12% in La Trobe
at Nyngan in 2015). Crop and variety choice is therefore not the sole solution to crown rot but rather
just one element of an integrated management strategy to limit losses from this disease.
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Take home message





Barley and bread wheat varieties do vary in their yield response to crown rot infection.
Variety choice can provide a 20‐50% yield benefit over growing the susceptible variety EGA
Gregory in the presence of high levels of crown rot infection.
However, all varieties are susceptible to crown rot infection and will not significantly reduce
inoculum levels for subsequent crops. Variety choice is NOT a sole solution to crown rot.
Crown rot tolerance should not be the only consideration in variety choice, impacts on other
pathogen populations, especially Pratylenchus thornei, resistance to other pathogens, grain
quality and delivery should all be considered along with relative grain prices.

Background
Crown rot, caused predominantly by the fungus Fusarium pseudograminearum is a significant
disease of winter cereal crops in the northern NSW and southern Qld. All winter cereal crops host
the crown rot fungus. Yield loss varies between crops and the approximate order of increasing loss is
oats, barley, triticale, bread wheat and durum. Barley is very susceptible to crown rot infection and
will build up inoculum but tends to suffer reduced yield loss through its earlier maturity relative to
wheat. Late planted barley can still suffer significant yield loss especially when early stress occurs
within the growing season.
Yield loss trials conducted across 11 sites in northern NSW in 2007, in collaboration with the
Northern Grower Alliance (NGA), found that the average yield loss from crown rot was 20% in barley
(4 varieties), 25% in bread wheat (5 varieties) and 58% in one durum (EGA Bellaroi ). In 2007, a yield
benefit of only around 5‐10% could be demonstrated in bread wheat varieties between choosing the
best and the worst entries in the presence of high levels of crown rot infection. However, recent
research highlights that some newer bread wheat varieties appear to differ significantly in their level
of yield loss to crown rot with some in the northern region (Sunguard , Suntop , LRPB Spitfire ,
LRPB Lancer and Mitch ) appearing to suffer less yield impacts compared to the widely grown EGA
Gregory . NSW DPI trials from a total of 23 sites conducted across the northern region in 2013 and
2014 indicate that this can represent a yield benefit of around 0.50 t/ha in the presence of high
levels of crown rot infection. In a relatively short period of time the yield benefit associated with
bread wheat variety choice in the presence of high crown rot infection has grown to around 20‐30%
with some of these newer varieties.
Continued research in 2015
A further 12 replicated crown rot yield loss trials were conducted across northern NSW and southern
Qld in 2015 with sites spread from Wongarbon in the south to Macalister in the north (Figure 1).
There were two barley, 13 bread wheat and one durum entry evaluated across the trials in 2015
(Figure 2). The trials used an inoculated versus uninoculated trial design to evaluate the relative yield
response of varieties to crown rot infection at each site. Each site was soil cored at sowing (separate
bulk samples across each range) to determine background pathogen levels using the DNA based soil
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test PreDicta B®. Post‐harvest soil cores were also collected from all plots at Wongarbon and
Macalister in December and analysed by PreDicta B to determine the impact of varieties on the
build‐up of populations of the root lesion nematode, Pratylenchus thornei (Pt) and crown rot
inoculum over the 2015 season. These two sites were targeted for post‐harvest assessment based
on PreDicta B analysis of all 12 sites at sowing.
Yield impact – site effects
Background crown rot inoculum levels existed at half of the 12 sites with medium background crown
rot levels at Mullaley, Macalister and Merriwa while high background levels were measured at
Coonamble, Wongarbon and Mungindi. All trials were conducted in grower paddocks and generally
co‐located with GRDC funded National Variety Trials (NVT). One criterion for selecting sites is that
they are generally paddocks with a good crop rotation, with all 12 sites having a non‐winter cereal
break (chickpea, canola or sorghum) as the previous crop within the rotation sequence. The medium
to high background crown rot inoculum levels still evident at half of the sites highlights the
continuing difficulty of managing stubble‐borne inoculum levels of the crown rot fungus across the
region. Background crown rot levels potentially underestimate the yield impact associated with
crown rot infection as varying levels of infection would have occurred in the no added crown rot (CR)
treatment plots at these sites.
Yield varied across the sites which, when averaged across the 16 winter cereal entries, ranged from
4.60 t/ha at Mullaley down to 2.87 t/ha at Mungindi in the no added CR treatments (Figure 1). The
addition of crown rot inoculum at sowing (added CR) significantly reduced yield at all 12 sites in 2015
when averaged across entries. Average yield loss (difference between no added CR and added CR
treatments) ranged from 7% (0.29 t/ha) at Trangie up to 43% (1.22 t/ha) at Mungindi (Figure 1).
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Figure 1. Average yield of 16 winter cereal entries in the absence and presence of added crown rot
(CR) inoculum at 12 trial sites in 2015
Did cereal crop type and/or variety make a difference?
An across site analysis was conducted to assist in summarising the general trends in varietal
performance across the 12 sites in 2015. Only yield results from the barley variety Commander at
Mungindi were excluded from the analysis due to severe damage from the herbicide Topik® which
was applied across the predominantly wheat trial site. Significant lodging of both barley varieties
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occurred at North Star due to delayed harvest of the trial site waiting for some of the bread wheat
entries to mature. Unfortunately a significant rain event occurred during this period which severely
lodged the barley and caused some sprouting which differentially impacted on barley yield at this
site with La Trobe appearing to be more disadvantaged than Commander . Barley yellow dwarf
virus (BYDV) was evident in the Merriwa trial site with the yield impact appearing to be greater in La
Trobe (2.78 t/ha) than in Commander (3.44 t/ha). Based on Western Australian data
Commander is rated MR‐MS to BYDV while La Trobe has a provisional rating of S. The impact of
BYDV on yield is generally greater in barley than in wheat, but as appears to have occurred at
Merriwa, varieties can differ significantly in their levels of resistance. It is notable that the NVT trial
conducted at this site was all treated with the seed treatment Hombre which contains a fungicide
and the insecticide imidicloprid. Imidicloprid has been shown to provide early season control of
aphids which transmit BYDV. No BYDV symptoms were evident in the NVT trial while interveinal
yellowing/reddening of leaves characteristic of BYDV infection was obvious throughout the crown
rot trial which was all treated with the same fungicide as a seed treatment (Dividend® M). However,
yield results from the two barley varieties at both North Star and Merriwa were still included in the
across site analysis.
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Figure 2. Impact of crown rot on the yield of two barley, 13 bread wheat and one durum entry
averaged across 12 trial sites in 2015
Averaged across sites, yield in the no added CR treatments (grey bars) ranged in the barley from 4.07
t/ha (La Trobe ) to 3.86 t/ha (Commander ), in the bread wheat from 3.86 t/ha (Beckom ) to 3.36
t/ha (EGA Gregory ) and was 3.36 t/ha with Jandaroi , the only durum variety included in the trial
series (Figure 2). Remember, yield in the no added CR treatments was potentially impacted by
background crown rot inoculum levels at half of the sites. The addition of crown rot inoculum at
sowing (black bars) significantly reduced the yield of all entries compared to the no added CR
treatments (grey bars). Yield loss associated with high levels of crown rot infection when averaged
across the sites was 9% (0.37 t/ha) in La Trobe and 14% (0.53 t/ha) in Commander . In bread
wheat, yield loss ranged from 11% (0.38 t/ha) in Sunguard up to 30% (1.04 t/ha) in EGA Gregory
(Figure 2). Yield loss averaged 25% (0.83 t/ha) in the durum variety Jandaroi .
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Another way of comparing the relative impact of crown rot on the yield of varieties, which is not
complicated by differential background inoculum levels present at the different sites, is to
concentrate on the absolute yield achieved under high disease pressure in the added CR treatments
(black bars; Figure 2). Under high crown rot pressure average yield ranged from 3.70 t/ha in the
barley variety La Trobe down to 2.45 t/ha in the widely grown bread wheat variety EGA Gregory .
Only the advanced bread wheat line V07176‐69 and the durum variety Jandaroi were not
significantly higher yielding than EGA Gregory when averaged across the 12 sites. The average yield
benefit over growing EGA Gregory under high crown rot infection ranged from 1.25 t/ha (51%)
with the barley variety La Trobe down to 0.13 t/ha (5%) with the recently released bread wheat
variety LRPB Flanker . However, the relative yield benefit compared to EGA Gregory was
considerably greater with other bread wheat varieties such as LRPB Lancer (0.51 t/ha; 21%), LRPB
Gauntlet (0.52 t/ha), Sunguard (0.54 t/ha), Mitch (0.54 t/ha), LRPB Spitfire (0.61 t/ha),
Suntop (0.72 t/ha) and Beckom (0.82 t/ha; 33%). Commander , the second barley variety in the
trials, averaged a 0.88 t/ha (36%) yield benefit over EGA Gregory under high levels of crown rot
infection across the 12 sites in 2015 (Figure 2).
Varietal impact on final soil populations of Pratylenchus thornei
The root lesion nematode, Pratylenchus thornei (Pt), has been demonstrated in repeated studies to
be widespread across the northern region and at moderate to high populations it appears to interact
with the expression of crown rot which can exacerbate yield loss from both pathogens. While
consideration needs to be given to the relative yield of cereal type and variety in the presence of
crown rot infection in the current season, potential consequences of these choices on the build‐up
of Pt for subsequent crops within the rotation should not be overlooked. Final Pt populations
developed by the 16 different winter cereal entries was determined after harvest at two sites
(Wongarbon and Macalister) in 2015 to determine potential residual impacts on the differential
build‐up of Pt populations within a rotational sequence.
Both sites had similar average starting Pt populations across the trial area at sowing of around 5.5‐
5.6 Pt/g soil in the 0‐30 cm soil layer. This level is generally considered a medium risk for yield loss in
intolerant wheat varieties (low = <2.0, medium = 2‐15 and high =>15 Pt/g soil). Final populations
established by the varieties during the 2015 season varied markedly between the two sites but
significant differences between varieties were evident. Final Pt populations varied from 0.9 Pt/g soil
after Suntop , up to 19.8 Pt/g soil after Mitch at Wongarbon.At Macalister populations varied
from 11.8 Pt/g soil after Commander up to 105.0 Pt/g soil after Mitch (Table 1). There was
generally a fair consistency between the ranking of varieties between the two sites with Mitch
clearly being at the more susceptible end and Suntop at the more resistant. Both barley varieties
and the durum variety Jandaroi were generally towards the mid to lower end of final Pt
populations relative to the bread wheat entries. The two barley varieties appear to vary in their
resistance to Pt with La Trobe leaving approximately double the Pt population of Commander at
Macalister. The difference between the barley varieties at Wongarbon was not significant even
though La Trobe similarly trended towards a higher final Pt population than Commander (Table
1).
Further research across sites is required to confirm differences in resistance of barley and wheat
varieties to Pt as this can have significant implications for the build‐up of Pt populations within a
paddock and hence following rotational choices. For instance, while it appears that Mitch has a
useful level of tolerance to crown rot (average 0.54 t/ha higher yielding than EGA Gregory in 2015),
its increased susceptibility to Pt resulted in it taking nematode populations from a medium risk level
at sowing to a high risk level (arguably extreme at Macalister) by harvest at both Wongarbon and
Macalister in 2015 (Table 1). Hence, Mitch should only be considered for production in paddocks
known to be free of Pt as its increased susceptibility to Pt is likely to override the yield gain in the
presence of crown rot when considering the whole rotational sequence.
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Table 1. Impact of selected barley, bread wheat and durum entries on final post‐harvest soil
populations of the root lesion nematode, Pratylenchus thornei (Pt/g soil) at two sites in 2015
Crop

Variety

Wongarbon

Barley

Commander

2.7

cde

11.8

a

La Trobe

4.5

efg

24.5

cde

Suntop

0.9

a

13.7

ab

Sunmate

4.6

fg

17.9

bc

LRPB Viking

3.2

cdef

22.1

cd

LRPB Gauntlet

1.0

ab

31.9

def

LRPB Lancer

1.9

bc

34.4

efg

Beckom

3.8

defg

38.0

fgh

Sunguard

5.3

g

43.4

fghi

QT15064R

5.0

fg

45.9

fghi

V07176‐69

2.4

cd

48.4

ghi

LRPB Spitfire

4.6

fg

52.0

hi

LRPB Flanker

4.4

efg

52.5

hi

EGA Gregory

4.4

efg

59.6

i

Mitch

19.8

h

105.0

j

Jandaroi

3.2

cdef

21.0

c

Wheat

Durum

Macalister

Values within sites followed by the same letter are not significantly different (P=0.05) based on
transformed data (ln (x+1)). Back transformed values presented in table. Sowing Pt soil populations
averaged across ranges were 5.6 Pt/g soil at Wongarbon and 5.5 Pt/g soil at Macalister at 0‐30 cm.
Final Pt numbers post‐harvest were from 0‐30 cm at Wongarbon and due to drier soil conditions 0‐
15 cm at Macalister.
What about the build‐up of crown rot inoculum?
Post‐harvest soil cores collected from all plots at Wongarbon and Macalister were also analysed
using PreDicta B for residual crown rot inoculum levels established by the different varieties. Crown
rot risk is a sum of the DNA levels of all three Fusarium species known to cause crown rot expressed
on a log scale where <0.6 is below detection, 0.6‐1.4 is low, 1.4‐2.0 is medium and >2.0 is high risk.
At Wongarbon all entries left low inoculum levels (0.6 to 1.4) in the uninoculated plots and high
levels (2.0 to 3.0) in the inoculated plots with no significant difference between entries. A similar
outcome occurred at Macalister with crown rot inoculum levels across entries in uninoculated plots
lower (0.5 to 1.8) but a high risk (2.0 to 3.0) remained with all inoculated plots with no significant
difference between entries. Although varieties appear to significantly differ in their yield in the
presence of crown rot infection, differences in the levels of partial resistance, which limits the rate of
spread of the crown rot fungus through the plant during the season, do not appear to result in
significant variation in inoculum levels at harvest. Partial resistance does not actually prevent the
plant from being infected but rather slows the rate of fungal growth in the plant arguably delaying
expression of the disease which can translate into a yield and grain quality (reduced screenings)
benefit. However, the crown rot fungus, while being a pathogen when the winter cereal plant is
alive, is also an effective saprophyte once the plant matures and dies. This saprophytic colonisation
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of infected tillers late in the season as the crop matures is the likely reason why limited practical
differences in residual inoculum levels are created between varieties and winter cereal crop types.
Barley is very susceptible to infection by the crown rot fungus. It does not have improved resistance
to crown rot infection. Barley tends to yield better in the presence of crown rot infection due to its
earlier maturity relative to bread wheat, providing an escape mechanism which reduces its exposure
to moisture stress during the critical grain filling stage. This is often referred to as tolerance. It is
CRITICAL that growers do not continue to confuse tolerance with resistance when considering crown
rot. Barley is likely to provide a yield advantage over wheat in the presence of high crown rot
infection but it will not reduce inoculum levels for subsequent crops. This is similarly true with any
bread wheat variety choice. Variety selection can improve yield in the presence of crown rot, though
all varieties still suffer yield loss, which can maximise profit in the current season but this will not
reduce inoculum levels for subsequent crops.
Implications
Interestingly, the better options across sites in 2015 appeared to be the reduced biomass plant types
La Trobe barley and the new bread wheat variety Beckom . These reduced growth habits may
provide a yield advantage under lower yielding situations in the northern region as they potentially
conserve soil water usage for grain‐fill. This may also reduce the expression of crown rot and the
impact of this disease on yield. Variety maturity and consequently sowing date can also have a large
impact on the expression and therefore yield loss associated with crown rot infection. Earlier sowing
or quicker maturity can result in grain‐fill occurring under reduced evapotranspiration stress relative
to delayed sowing or longer season varieties sown on the same date. This interacts with the
expression of crown rot which is strongly influenced by moisture/heat stress during grain filling.
The barley variety La Trobe appeared quite promising for maximising yield in the presence of high
crown rot infection across the 12 sites conducted in 2015. La Trobe on average had a significant
yield benefit over Commander barley (0.37 t/ha) and the best bread wheat varieties Beckom
(0.43 t/ha) and Suntop (0.53 t/ha) in the presence of high crown rot infection in 2015. La Trobe is
malt accredited but relative grain price (malt vs feed barley; wheat vs barley), the increased
susceptibility of La Trobe to BYDV, impact on Pt populations, segregation by grain accumulators
and performance of other barley and bread wheat varieties not included in these trials
(www.nvt.online.com.au) should be considered as part of potential variety choices. Unfortunately,
grain quality data was not available at the time of writing this update paper which should also be a
consideration in variety choice.
If forced into planting a cereal crop in a high crown rot risk situation then some barley varieties may
provide a yield advantage over bread wheat in that season, as long as early stress does not occur.
Some of the newer bread wheat varieties do appear to be closing this gap to some extent. However,
a key message is that this decision is only potentially maximising profit in the current season.
Growing barley over bread wheat will not assist with the reduction of crown rot inoculum levels as
barley is very susceptible to infection. Significant yield loss is still occurring in the best of the barley
and bread wheat varieties in the presence of high crown rot infection. Crop and variety choice is
therefore not the sole solution to crown rot but rather just one element of an integrated
management strategy to limit losses from this disease.
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Take home message


Treating EGA Gregory seed with Rancona® Dimension reduced establishment losses associated
with the addition of crown rot inoculum to 6% compared to 23% when no seed treatment was
used.



In this instance, Rancona Dimension did not provide a significant or consistent yield benefit in
the presence of high levels of crown rot infection across the 12 trial sites in 2015.



Growers should not expect Rancona Dimension to provide a significant and consistent reduction
in yield loss from crown rot infection when used as a standalone management strategy.



Growers considering the use of Rancona Dimension should follow the manufacturer’s advice and
only consider it as part of an integrated management strategy against crown rot.

Background
Crown rot, caused predominantly by the fungus Fusarium pseudograminearum is a significant
disease of winter cereal crops in the northern NSW and southern Qld. Rancona® Dimension
(ipconazole + metalaxyl) was recently registered in Australia as a fungicidal seed treatment with
good activity against cereal bunts and smuts, pythium and suppression of rhizoctonia. Rancona
Dimension is also the first seed treatment to be registered (at 320 mL/100 kg seed) for the
suppression of crown rot. Suppression by definition indicates that the seed treatment reduces
growth of the pathogen for a set period of time early in the season. This is distinct from control
which Rancona Dimension and other seed treatments provide against bunts and smuts of wheat and
barley in that they prevent infection throughout the season. It is recommended by the manufacturer
that Rancona Dimension is used as part of an integrated disease management strategy for crown rot
and not as a standalone option. However, growers may still be tempted to try and use Rancona
Dimension under medium to high crown rot risk situations where other management strategies have
not sufficiently reduced inoculum levels. This is not uncommon following seasons with low in‐crop
rainfall which limits the effectiveness of break crops such as chickpea, faba bean, canola and
sorghum in decomposing cereal stubble which harbours the crown rot fungus. Under this scenario
growers are often forced into sowing another winter cereal within the rotation sequence and may
be tempted to resort to a seed treatment as their main option in trying to reduce yield loss
associated with crown rot infection. Replicated research therefore appears warranted to determine
the impact of Rancona Dimension on yield loss from crown rot infection across sites in the northern
region. This will hopefully ensure that growers have a realistic expectation of what this seed
treatment can achieve if used in isolation of other management strategies.
Research in 2015
Twelve replicated trials were conducted across northern NSW and southern Qld in 2015 with sites
spread from Wongarbon in the south to Macalister in the north. Background crown rot inoculum
levels existed at half of the 12 sites with medium background crown rot levels at Mullaley,
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Macalister and Merriwa while high background levels were measured at Coonamble, Wongarbon
and Mungindi in PreDicta B soil cores collected across the sites at sowing. All trials were conducted
in grower paddocks and generally co‐located with GRDC funded National Variety Trials (NVT). One
criterion for selecting sites is that they are generally paddocks with a good crop rotation, with all 12
sites having a non‐winter cereal break (chickpea, canola or sorghum) as the previous crop within the
rotation sequence. The medium to high background crown rot inoculum levels still evident at half of
the sites highlights the continuing difficulty of managing stubble‐borne inoculum levels of the crown
rot fungus across the region. The trials used an inoculated versus uninoculated trial design to
evaluate the relative impact of seed treatments on the yield impact associated with crown rot
infection at each site. High levels of crown rot infection were induced in inoculated plots (added CR)
by incorporating non‐viable durum seed colonised by at least five different isolates of Fp into the
seeding furrow (2.0 g/m of row) at sowing. The crown rot susceptible bread wheat variety EGA
Gregory was used across all sites at a target plant population of 100 plants/m2 with seed
treatments evaluated being:
1. Nil seed treatment
2. Rancona® Dimension (ipconazole 25 g/L + metalaxyl 20 g/L) at 320 mL/100 kg seed
3. Dividend® M (difenoconazole 92 g/L + metalaxyl‐M 23 g/L) at 260 mL/100 kg seed
4. Jockey® Stayer® (fluquinconazole 167 g/L) at 450 mL/100 kg seed
Dividend M and Jockey Stayer are NOT registered for suppression of crown rot but were included to
represent a commonly used wheat seed treatments for bunt and smut control or early control of the
leaf disease stripe rust, respectively. Inclusion of four treatments across each site ensured statistical
rigour of yield outcomes.
Impact on crop establishment
An across site analysis was conducted to assist in summarising the general trends in the performance
of Rancona Dimension across the 12 sites in 2015. In the no added crown rot (CR) treatments,
Rancona Dimension and Dividend M had no signficant impact on plant establishment compared to
the nil fungicide treatment (Figure 1). However, establishment was slightly reduced with Jockey
Stayer compared to the Rancona Dimension and nil treatments.
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Figure 1. Impact of fungicide seed treatments on establishment of EGA Gregory in the absence and
presence of added crown rot inoculum – average 12 sites in 2015
The addition of CR inoculum at sowing significantly reduced the establishment of EGA Gregory by
23% averaged across sites when no seed treatment was applied (Nil; Figure 1). Rancona Dimension
and Dividend M significantly improved establishment in the presence of added CR with losses
reduced to only 6% and 8%, respectively compared to the Nil – No added CR treatment. Jockey
Stayer did not significantly improve establishment in the presence of added CR. Severe early
infection from crown rot, as can occur with the addition of CR inoculum in the furrow at sowing, may
result in seedling blight which reduces crop establishment. Rancona Dimension may provide a useful
level of protection against seedling blight associated with severe early Fusarium infections but
further research is required to prove this.
What does it mean in terms of yield?
An across site analysis of the 12 trials conducted in 2015 found that Dividend M had a minor yield
reduction (0.07 t/ha) compared to using no seed treatment (Nil) in the no added CR treatment
(Figure 2). Rancona Dimension did not have a significant impact on yield in the absence of added CR
over the Nil treatment but was only slightly (0.09 t/ha) higher yielding than Dividend M. Across sites,
yield loss in the added CR treatment was 28% with Dividend M, 31% with Rancona Dimension and
32% with Jockey Stayer. The extent of yield loss was unaffected by the seed treatments with none
significantly different from what was measured in the Nil treatment (31%; Figure 2). Rancona
Dimension® unfortunately did not provide a consistent yield benefit in the presence of high levels of
crown rot infection across the 12 trial sites in 2015.
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Figure 2. Impact of fungicide seed treatments on the yield of EGA Gregory in the absence and
presence of added crown rot inoculum – average 12 sites in 2015
Implications
Rancona Dimension is registered in Australia for the suppression of crown rot infection. Rancona
Dimension reduced establishment losses associated with severe early infection, created by the
addition of crown rot inoculum to the seed furrow at sowing, to 6% compared to 23% in the absence
of a seed treatment. Further research is required to determine if this improvement in establishment
is associated with reduced Fusarium seedling blight. It should also be established whether such
severe establishment losses are an artefact of the inoculation process used in the trials or occurs
naturally in paddocks with high stubble‐borne inoculum loads. In a separate larger trial conducted at
Tamworth in 2015 in which infected stubble at the surface was the inoculum source Rancona
Dimension did not have a significant impact on the establishment of EGA Gregory compared to the
Nil seed treatment (data not presented). Establishment benefits apparent in the 12 trials
unfortunately did not translate into any improvement in grain yield. Rancona Dimension did not
provide a significant yield benefit over the use of no seed treatment or the two other commonly
used seed treatments examined in this study under high crown rot pressure across 12 sites in 2015.
Although Rancona Dimension is registered for the suppression of crown rot, with activity against
early infection and potential establishment losses evident in this study, growers should not expect
this to translate into a significant and consistent reduction in yield loss from crown rot infection
when the product is used as a standalone management strategy. Integrated management remains
the best strategy to reduce losses to crown rot. Growers may like to consider including Rancona
Dimension (320 mL/100 kg seed) as one additional component in their integrated management of
crown rot.
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Take home message


Stripe rust has not gone away!



Know the difference between a ‘hot individual plant’ and a ‘hot‐spot’ before creating panic



If you had stripe rust in your EGA Gregory in 2015 it is likely a seed purity issue. Consider
freshening up your seed source.



EGA Gregory remains MR to stripe rust and does NOT require fungicide application



Consider ‘up‐front’ or early season fungicide management of stripe rust in Suntop in 2016,
especially under higher nitrogen status



Be aware of the development and spread of new wheat leaf rust pathotypes in your region



The north is on track with rust management, do not slip on minimum disease standards, any
perceived short‐term gains are likely to result in long‐term pain for ALL.

Stripe rust in 2015
Stripe rust first appeared in wheat crops in north NSW/southern Qld (North Star and Goondiwindi) in
moderately susceptible (MS) varieties (Sunzell and Gauntlet ) at the start of August in 2015. Cooler
autumn/winter temperatures and rainfall during this period were very conducive to the
development of stripe rust in 2015. Stripe rust infection occurs as long as there is leaf wetness of
between for 5‐6 hours (minimum 3 h) with temperatures below 20⁰C (optimum 6⁰C to 12⁰C). During
much of the growing season these conditions usually occur overnight. There were numerous reports
of stripe rust ‘hot‐spots’ in the MR‐MS variety Suntop across regions in 2015. Samples of stripe rust
were submitted to the Australian Cereal Rust Control Program (ACRCP) at the University of Sydney’s
Plant Breeding Institute throughout the 2015 season, with pathotypes 134 E16 A+ (WA pathotype),
134 E16 A+ 17+ (WA Yr 17+ pathotype) and 134 E16 A+ 17+ 27+ (WA Yr 17+27+ pathotype)
confirmed in Queensland and northern NSW.
Three non‐fungicide treated GRDC funded NVT trials were conducted in northern NSW (North Star,
Spring Ridge and Tamworth) in 2015. Early and very high levels of stripe rust developed in the North
Star and Tamworth sites with lower and later development of stripe rust occurring at the Spring
Ridge site. All trials allowed good evaluation of the relative resistance of wheat varieties and
advanced breeding lines to stripe rust in the absence of fungicide protection.
All sites were exposed to natural infection from stripe rust. That is, they were not artificially
inoculated with stripe rust spores. The development of significant levels of stripe rust at all three
geographically spread sites highlights that stripe rust inoculum was not a limiting factor in the 2015
season. All rusts (stripe, leaf and stem) are biotrophs which means they require a living host to
survive between seasons. This is primarily volunteer wheat in the case of cereal rusts but wheat
stripe rust has been shown to also survive on barley grass in some seasons. Barley grass also gets
infected by a barley grass specific stripe rust pathogen that cannot infect wheat but can cause
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infection on some barley varieties. Barley stripe rust is not currently present in Australia which is
fortunate, as overseas screening indicates that around 80% of current barley varieties would be MS
or worse if this exotic pathogen was to establish here (William Cuddy, personal communication). Any
samples of stripe rust on barley or barley grass should be submitted to the ACRCP for pathotype
determination. The higher probability of summer rainfall in northern NSW/Qld is conducive to the
survival of volunteer wheat between cropping seasons which is commonly referred to as the green
bridge. When combined with a wide spread in sowing times of roughly between March for dual
purpose wheat varieties through to June for quicker maturing main season varieties this situation is
quite conducive to the survival and development of stripe rust.
Early and severe infection levels developed at the North Star site with the WA Yr17+27+ confirmed
as the dominant pathotype in the trial. The WA Yr17+ pathotype developed as a mutation of the
original WA pathotype, being first detected in 2006. This pathotype further mutated to develop
virulence for the Yr27 gene with the WA Yr17+27+ pathotype first detected in 2011, which reduced
the resistance level of varieties such as Livingston and Merinda (Figure 1). All three pathotypes
are now distributed across the northern region including into Qld.

Figure 1. Stripe rust reaction of released wheat varieties in main season NVT ‐ North Star 2015
(Note trial site had early and high stripe rust pressure in 2015 from the WA 17+27+ pathotype.
Scores are on the ACRCP 1‐9 scale where 1 = no pustules evident and 9 = whole leaf covered in
pustules. Individual site data is presented above and not an overall variety rating which is derived
from reactions in multiple trials across regions and seasons)
Stripe rust in EGA Gregory
Two reports of the supposed 'break down' of stripe rust resistance in EGA Gregory occurred around
Wongarbon and Warialda in 2015. NSW DPI inspected the EGA Gregory crop at Wongarbon and
there were 'hot individual plants' NOT 'hot‐spots' evident in the crop. A ‘hot‐spot’ is all plants in at
least a 1 m circle with development of pustules and occurs due to higher humidity during winter
causing spores to remain in small clumps that are relatively heavy, which limits spread by wind.
Spread is therefore mostly over small distances, which results in the appearance of ‘hot‐spots’ of
infection usually first appearing in late winter to early spring. All plants along multiple 1 m sections
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of row affected by stripe rust were pulled from the EGA Gregory crop at Wongarbon and separated
into individual plants. It then became obvious that there were individual plants along the row
infected with stripe rust and others with no visible signs of infection. That is, there were infected
individual plants (‘hot individual plants’) but not every plant along a 1 m section of row and adjoining
rows infected with stripe rust. There were no ‘hot‐spots’ evident in the paddock. This process was
explained and repeated by the consulting agronomist with the Warialda EGA Gregory crop who
similarly concluded that it was ‘hot individual plants’ and clearly not ‘hot‐spots’. To complete the
picture, individual heads from visually infected and uninfected plants from Wongarbon were
collected and sent to the University of Southern Queensland (USQ) for molecular analysis to
determine varietal purity. Grain collected from 6 out of 6 plants without visible stripe rust infection
were identified as EGA Gregory . In contrast seed collected from 5 of 8 plants with stripe rust
infection were identified as NOT being EGA Gregory but all had a similar banding pattern indicating
they were all the one contaminant. The actual contaminant variety was not determined but clearly it
has increased susceptibility to stripe rust. In both situations the concern around stripe rust appears
to be related to more susceptible off‐types (contaminants) in the EGA Gregory crops. Pure EGA
Gregory remains MR to stripe rust and does not require fungicide management. MR varieties such
as EGA Gregory can still develop low levels of stripe rust under high pressure as was evident at
North Star in 2015 (Figure 1). However, the level of infection, while visible, does not result in the loss
of enough green leaf area to cause significant economic yield loss. If growers are concerned about
the levels of stripe rust in their EGA Gregory then they should consider freshening up their seed
source to one with a known and higher purity.
Stripe rust ‘hot‐spots’ in Suntop
‘Hot‐spots’ of stripe rust occurred in two crops around Wellington in 2013, several crops across
eastern Australia in 2014 and in numerous crops of Suntop in eastern Australia in 2015. ‘Hot‐spots’
of stripe rust first appeared in Suntop crops in northern NSW in early‐mid August in 2015. ‘Hot‐
spots’ in Suntop across seasons has been generally linked with higher nitrogen status within
paddocks with some paddocks only developing ‘hot‐spots’ in the headlands where double the N rate
was applied at sowing. Generally, affected Suntop crops had no up‐front fungicide management
and did not have a fungicide application around GS30, which commonly occurs commercially in
combination with an in‐crop herbicide. There is no new pathotype of stripe rust with increased
virulence to Suntop and it has been confirmed from different paddocks that there is currently no
underlying issue with seed purity. That is, crops are pure Suntop and furthermore true ‘hot‐spots’
are evident in affected paddocks and not isolated individually infected scattered plants which would
be more indicative of an issue with seed purity.
Suntop is rated MR‐MS to stripe rust, which indicates that it requires one fungicide input (up‐front
or early between GS30‐32) to limit disease development. This message can become complicated as it
is often tweaked to the likely timing of epidemic development (significant green‐bridge over summer
likely to favour earlier epidemic), conduciveness of environment (west of Newell Highway generally
drier and hotter which reduces disease pressure) and sowing time (earlier sowing likely to be more
favourable to stripe rust and early epidemic development). Generally, varieties such as Suntop
(MR‐MS), Lancer (MR) and even EGA Gregory (MR) rely largely on Adult Plant Resistance (APR)
genes that slow down the rate of disease development. In general, the resistance of the plant
increases with plant age and as the temperature rises. The APR gene in EGA Gregory (Yr18)
generally appears to express earlier than the gene (Yr31) in Suntop . APR in Suntop appears to be
more interactive with lower temperatures and higher N levels which both appear to delay the
expression of APR within the leaves. The timing of APR expression remains one of the major issues
with stripe rust management in the northern grains region which differs with variety, sowing time,
temperature and even N status. When ‘hot‐spots’ occurred in many Suntop crops in 2015 the
actual infection became more obvious because APR had expressed and killed off infected cells within
the leaf and the surrounding cells. This renders the infection non‐viable by denying the stripe rust
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fungus of living cells to survive in. Yellow flecking of the flag leaf and other leaves on uninfected
Suntop plants adjacent to the ‘hot‐spots’ indicated the active expression of APR killing spores
landing and trying to infect these plants. A close inspection of the oldest leaves (seedling leaves)
within the ‘hot‐spots’ revealed a mass of old discoloured pustules which highlights that the infection
had been present in these patches for a considerable period. Suntop still has a very useful level of
resistance to stripe rust and is by no means a ‘sucker’ for stripe rust. This fact is often not easily
acknowledged at the grower level when Suntop for example, may be the most susceptible variety
they are currently growing. Hence, the appearance of any infection and the estimation of yield loss
(loss of green leaf area) can appear exaggerated without a true susceptible variety to compare
infection levels with (Figure 1). Personally, the infection levels observed in ‘hot‐spots’ of Suntop in
2015 were consistent with an MR‐MS reaction. Varieties such as Suntop which rely on APR as their
main source of resistance are worthwhile protecting at early growth stages with seed or fertiliser
treatments or an in‐crop fungicide application around GS30‐32. This will provide protection until APR
is expressed later in the season.
Stripe rust management in 2016
The key messages remain the same;


control the green bridge (volunteer wheat) at least four weeks prior to sowing to delay the
onset of epidemics



select varieties with improved levels of resistance (MR‐MS minimum)



ensure variety identification/purity



tailoring fungicide strategies to varietal resistance level, rainfall zone, growth stage and
seasonal conditions



monitor crops regularly.

With varieties such as Suntop that rely largely on APR, consider using an in‐furrow fungicide to
protect early growth. Flutriafol on starter fertiliser has been shown to provide extended protection
against stripe rust in the northern region and is a more common component of stripe rust
management strategies for susceptible wheat varieties in the southern region. Fluquinconazole seed
treatment also protects early growth but tends to not provide the same length of protection as in‐
furrow treatments in northern trials.
Be ‘alert not alarmed’ of leaf rust pathotypes
There are two new pathotypes of leaf rust of potential significance to northern NSW and Qld. The
first (76‐3,5,7,9,10,12,13 +Lr37) was a mutation of an existing pathotype with combined virulence
for the genes Lr13, Lr24 and Lr37. It was first detected around Warialda on the feed wheat variety
Naparoo in 2013 and has only really caused issues in this variety in subsequent seasons. A newer
'SA pathotype' of leaf rust (104‐1,3,4,6,7,8,10,12 +Lr37) is an exotic introduction to Australia and was
first detected in South Australia in 2014. The SA pathotype of leaf rust has rapidly spread north being
detected at Dunedoo, Tamworth, North Star and Gatton in 2015 but not at levels that warranted
fungicide application. However, this is a warning for subsequent years and growers should check the
rating of varieties to these new leaf rust pathotypes with a minimum disease standard of MS
recommended by the ACRCP for the northern region. Impala , which has a leaf rust rating of S to
existing leaf rust pathotypes, has required fungicide management in northern NSW in recent seasons
when conditions (humid and temperatures between 15⁰C to 25⁰C) have been conducive to disease
development.
Avoid growing susceptible varieties – has the message changed?
No!
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The northern region did the right thing by moving away from growing very susceptible varieties such
as H45 . Numerous field trials across the northern region, largely GRDC funded NVT trials where
stripe rust development is routinely controlled with a fungicide management program, highlight that
there is no yield penalty associated with growing newer varieties with improved levels of stripe rust
resistance. There is a big difference in the level of fungicide intervention required across a season
with a susceptible variety (likely three fungicide inputs) compared to an MR‐MS variety (one
fungicide ‘up‐front’ or around GS30‐32) to manage stripe rust in the northern region.
Why are minimum disease standards important?
Minimum disease standards of MR‐MS for stripe and stem rust and MS for leaf rust are
recommended by the Consultative Committee of the ACRCP for wheat varieties in the northern
region (Qld and nth NSW). Selecting varieties with these minimum levels of resistance reduce the
build‐up of rust epidemics within the region (the more susceptible the variety the bigger issue they
are as a green bridge), decrease disease pressure from existing rust pathotypes within the season,
reduce the probability of mutations within existing pathotypes occurring with increased virulence to
existing rust‐resistance genes and reduces the reliance on fungicides as a management tool. The
continued production of susceptible and very susceptible varieties, while stripe rust can be
controlled with fungicides, jeopardises current and future disease resistance genes. The problem is if
you choose to go this way and become reliant on the continuous use of fungicides in susceptible
varieties then you are potentially making that decision for the whole industry as rust spores can be
spread large distances by wind. Mutations that develop on your farm rapidly spread across regions.
Is fungicide resistance an issue?
A mini‐review was recently written on the risk of rust fungi developing resistance to fungicides
(Oliver 2014). To summarise, the rust fungi are classified as having a low risk of developing fungicide
resistance, which appears justified by long fungicide usage patterns mainly overseas with no
confirmed cases of agronomically significant fungicide resistance being reported in a rust pathogen
species. The general conclusions from the review were ‘Rust fungi have a reputation that suggests
they are immune to the development of fungicide resistance, and this has led growers to rely heavily
on fungicides for the control of diseases such as stripe rust. This reputation is based on a long
history, during which many other species have developed often disastrous resistance to fungicides,
especially Botrytis, Zymoseptoria and powdery mildews, while rusts have remained well controlled”.
Within Australia, barley powdery mildew in WA and Septoria tritici blotch (Zymoseptoria, STB) of
wheat in the southern region have been reported in recent years to have developed partial
resistance to triazoles. In terms of cereal rusts, the strobilurins (Group 11) are ‘protected by a
serendipitous intron, DMI fungicides (triazoles, Group 3) are protected by relatively low resistance
factors and SDHIs (Group 7; medium to high risk of resistance development) have been protected by
mixing with other fungicides and their recent introduction”. However, the reviewer still urges
vigilance when it comes to the rusts.
It is interesting that in the review (Oliver 2014) the argument that rust fungi are regularly exposed to
fungicides but have not yet developed any resistance was largely based on more extended use
patterns overseas. “In Europe, where fungicide use on wheat is close to universal, rusts have been
regularly exposed to fungicides, even though other species, such as Blumeria graminis (powdery
mildew) and Zymoseptoria tritici (STB), are the prime targets’. It is therefore not too hard to imagine
that the converse could occur in Australia where reliance on controlling stripe rust in susceptible
wheat varieties is the main target for repeat fungicide applications but this practice is potentially
selecting for resistance in other fungal species such as powdery mildew and STB that have a medium
to high risk for developing fungicide resistance. Fungicide development and the search for new
chemistries in Europe are continually driven by the evolution of resistance within STB to existing and
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recently released fungicides. This is NOT a good scenario and as an industry we would be wise to
learn from their mistakes!
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Take home messages


Phosphorus was a limiting factor to grain yield in 2015



Zinc was limiting yield at three locations



Iron was a limiting factor on a grey‐brown vertosol with a 50 year cropping history

Introduction
The 2015 season was characterised by episodic cold weather events during flowering and terminal
drought during grain fill. These seasonal conditions impacted heavily, reducing the potential yield of
chickpeas across most areas of the northern NSW cropping zone.
The Northern Pulse Agronomy Initiative project had a range of experiments covering a number of
agronomic themes in 2014. This paper will report on the outcomes of the nutrition experiments
across northern NSW.
What we did?
Nutrients were applied in a nutrient omission format at seven locations across central and northern
NSW. In nutrient omission trials, one nutrient is deliberately omitted in each treatment, while all
other nutrients are applied at rates considered as non‐limiting. It is therefore not possible to
determine optimum nutrient application rates directly from the results of these experiments.
The 12 treatments were; Zero nutrients, All nutrients, ‐ N, ‐ P, ‐ K, ‐ Ca, ‐ B, ‐ Cu, ‐ Zn, ‐ Mn, ‐ Mg, ‐ Fe.
Application method varied between nutrients. Both P and N were applied at sowing, at 10 kg P/ha as
Trifos and 10 kg N/ha as urea, respectively. Ca, Mg, Zn, Mn, Cu and Fe were applied as chelates in a
foliar spray. K was applied as Potassium citrate and B as Boron ethanolamine as foliar sprays. Besides
N and P (applied at sowing), all other nutrients were sprayed on the crop at mid vegetative period.
PBA HatTrick was sown at all sites at 30 plants/m2.
What we found?
Grain yield data for the seven experimental locations is contained in Table 1. Rowena showed no
significant responses to applied nutrients. The Trangie, Edgeroi and Coonamble sites showed yield
responses to applied Zn of, 28%, 18% and 7%, respectively. Coonamble, Nowley, Moree and North
Star had responses to applied P of, 4%, 15%, 15% and 11%, respectively.
The Coonamble site, a grey‐brown vertosol which has been cropped since the early 1960’s, also
showed an 8% yield response to applied Fe.
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Table 1. Effect of selected nutrient omission treatments on grain yield (kg/ha) in chickpea at
northern NSW sites in 2015
Trangie Rowena Edgeroi Coonamble Nowley Moree North Star
Treatment (kg/ha) (kg/ha) (kg/ha) (kg/ha)
(kg/ha) (kg/ha) (kg/ha)
Minus‐Zn

559b

788a

1498b

1816b

1619a

1928a

2129a

Minus‐P

626ab

986a

1613ab

1864b

1425b

1697b

2005b

1643a

1956a

2226a

Minus‐Fe
All

1804b
714a

1019a

1772a

1947a

Values with the same letter are not significantly different at P>0.05

Conclusions


Frosts and cold periods during flowering at sites led to floral abortion and a reduction in yield;



Extended dry periods at sites during September and October led to pod and seed abortion ;



Older cropping country is showing responses to applied P as well as Zn and in one instance Fe
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GRDC code
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Take home message
•

Sow faba beans at 20 plants/m2 in northern regions

•

Sow faba beans at 30 plants/m2 in central regions

•

Doza appears more prone to frost damage than either PBA Warda or PBA Nasma

Introduction
The 2015 season was characterised by severe frost events, episodic cold weather during flowering
and terminal drought during grain fill. These seasonal conditions impacted heavily on crop
performance, reducing the potential yield of faba beans across most areas of the northern NSW
cropping zone.
The NPAI (Winter Pulse) project conducted a range of experiments covering a number of different
agronomic themes in 2015. This paper reports on the outcomes of a series of faba bean variety x
density experiments across northern NSW.
What did we do?
Faba bean, variety x density, experiments were conducted at five locations across northern NSW in
2015. Three varieties were sown; Doza , PBA Warda and the new line PBA Nasma . Four target
plant densities were examined; 10, 20, 30 and 40 plants/m2. All five trials were grown under dryland
cropping conditions (i.e. not irrigated).
The three lines selected represent the two preferred commercial lines (Doza and PBA Warda ) and
the new large seeded line PBA Nasma . The difference in seed size for these commercial lines is
shown in Figure 1 where PBA Nasma , on average, has seed that is 40% larger than Doza .
What did we find?
For grain yield, there were no significant interactions between variety and plant density; only main
effects (see Table 1). PBA Warda and PBA Nasma out yielded Doza at two of the five sites
(Coonamble and Tamworth); while at Trangie, PBA Nasma out yielded both Doza and PBA
Warda (Table 1). Plant density showed significant responses at two sites; Cryon plateaued at 20
plants/m2, while at Trangie peak yield was obtained at 30 plants/m2 (Table 1). The remaining sites
showed no yield response to plant density.
Frosts were prevalent across the northern region in 2015 and the Tamworth site suffered a number
of severe frosts. From the 28th July to the 8th of August, 6 frosts were recorded ranging from ‐1.3 to ‐
3.50C. This resulted in frost damage, causing elongating stems to develop a bent stick (hockey stick)
appearance and blackening of leaf margins. Treatments were scored for frost damage on a 1‐9 scale
on the 7th August, with 1 representing no frost damage and 9 equal to plant death. Variety ratings
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are shown in Figure 2 with Doza significantly worse than both PBA Warda and PBA Nasma for
symptoms of frost damage.

Figure 1. Average 100 seed weight (g) for selected faba bean varieties

Figure 2. Frost scores for faba bean varieties (1 = no symptoms, 9 = plant death)
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Table 1. Grain yield (kg/ha) for the main effects of variety and plant density at five locations in 2015
Treatment

Bullarah Coonamble

Variety

Cryon

Trangie Tamworth

Grain yield (kg/ha)

Doza

1602a

2900b

1547a

2036b

2954b

PBA Warda

1687a

3280a

1700a

2246b

3296a

PBA Nasma

1685a

3452a

1686a

2658a

3359a

Density

Grain yield (kg/ha)

10

1498a

3376a

1373b

1975c

3177a

20

1670a

3411a

1772a

2275b

3329a

30

1768a

3246a

1673a

2515a

3210a

40

1666a

3270a

1745a

2489a

3096a

Values with the same letter are not significantly different

Conclusion
Limited data from the first year of trial results in 2015 suggests that for northern and western sites
20 plants/m2 is a preferred target plant density, while in southern areas 30 plants/m2 is a better
option to achieve optimum yield of faba beans grown under dryland cropping conditions.
Large seed does not necessarily confer higher yield; with PBA Nasma out yielding PBA Warda at
only one location, Trangie.
Doza appears more prone to frost damage than either PBA Warda or PBA Nasma . Frost
tolerance is a key attribute for the faba bean breeding program in northern NSW, with new releases
(particularly PBA Nasma ) targeted at having better tolerance than Doza .
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GRDC code
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Take home messages
•

At present, there is no evidence to suggest that seed size at sowing has an impact on grain yield
in cultivar PBA Nasma

•

Seed size at sowing is positively related to seed size at harvest

•

Further experimentation is needed

Introduction
In cereals, large initial seed size frequently confers distinct advantages in terms of seedling vigour,
hardiness, improved stand establishment, and higher productivity (Grieve and Francois, 1992). Spilde
(1988) found, for barley and wheat that grain produced from small‐sized seed averaged 4 and 5%
less yield than that from medium sized seed and 6 and 8% less yield than that from large‐sized seed,
respectively.
However, studies comparing faba bean genotypes of different seed sizes indicated a negative
relationship between seed mass and grain yield (Laing et al., 1984; White and González, 1990; White
et al., 1992; Sexton et al., 1994). Lima et al (2005) found faba bean plants originating from small
seed presented a higher relative growth rate and net assimilation rate than plants from large seed.
Large seed did not affect grain yield, but reduced the number of seeds per pod, increased the 100‐
seed mass, and reduced the harvest index.
The new faba bean cultivar, PBA Nasma , produces very large seed averaging 70g/100 seeds
compared to cultivar Doza , at 50g/100 seeds . An experiment was conducted to examine the effect
of seed size at sowing, at a fixed population, on grain yield and seed size distribution at harvest.
What did we do?
Seed supply for this newly released cultivar was in limited supply which restricted experimentation
to two sites (TAI and TARC) in 2015.
The seed was passed thru a set of nested circular mesh sieves and partitioned into four seed size
categories; < 7mm, 7‐8mm, 8‐9mm, >9mm. The corresponding 100 seed weights for the seed size
categories, < 7mm, 7‐8mm, 8‐9mm, >9mm; were 34.6, 48.1, 69.5 and 90.0g, respectively.
Randomised complete block experiments consisting of the four seed size treatments and four
replicates were sown at target plant densities of 20 and 10 plants/m2 at TAI and TARC, respectively.
What did we find?
The seed size distribution of the 25kg seed lot used to obtain the seed categories for sowing these
experiments is contained in Figure 1. The predominant seed size was the 8‐9mm category which
accounted for 72% of the total seed supply.
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All plots attained their target plant densities (data not shown). At TAI, plants grown from the largest
size seed produced 19% and 8% more biomass than the small seed size category at 25th June and 3rd
August, respectively. Seed size categories were scored for frost damage on the 7th of August but
there was no significant difference.

Figure 1. Seed size distribution and number of seeds per category for the seed lot used for sowing
experiments.
Table 1 contains data on the effect of seed size category at sowing on plant height, height to top
pod, grain yield and hundred seed weight for the TAI experiment and grain yield and 100 seed
weight for the TARC experiment.
At TAI, the plants grown from seed smaller than 7mm in size were significantly shorter than all other
seed categories while there was no difference in height to top pod across the seed categories (see
Table 1). There was also no significant difference in grain yield between any of the seed size
categories. Hundred seed weight did vary significantly and the large seed category, on average,
produced heavier grain than the small seed category.
At TARC, grain yield was significantly higher for the two large seed size categories compared to the
very small seed category (by 13%). Hundred seed weight had a similar response to seed size category
as found at TAI, 100 seed weight increasing with seed size at sowing (see Table 1).
Table 1. Effect of seed size category at sowing on plant height, height to top pod, grain yield and
hundred seed weight for TAI and grain yield and hundred seed weight for TARC
TAI
Seed size
category
<7mm
7‐8mm
8‐9mm
>9mm

TARC

Plant height
(mm)

Height to top pod
(mm)

Yield
(kg/ha)

100 seed
weight (g)

Yield
(kg/ha)

100 seed
weight (g)

1240b
1358a
1329a
1376a

1000a
1124a
1030a
1078a

3287a
3144a
3267a
3557a

55.80c
65.0ab
59.4bc
68.80a

1696 c
1726bc
1921ab
2013 a

48.1d
50.9c
55.2b
60.0a

Values with the same letter are not significantly different at P>0.05
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Conclusion
Plants grown from large seeds were taller and had significantly more biomass than the plants grown
from small seed. However this did not translate into a significant difference in grain yield at TAI but
did in the TARC experiment. There may be an interaction with plant density and seed size given
these different results (TAI 20 and TARC 10 plants/m2). These results are similar to that of Agung and
McDonald (1998) in South Australia where yields for cultivar Fiord averaged about 400 g/m 2 but
were not consistently related to seed size, although the highest yielding accession at their sites were
large‐seeded.
The size of seed produced at harvest was positively related to seed size with the largest seed
category producing the biggest size seed compared to the small seed category (see Table 1) at both
experimental sites.
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Take home message
Planting your 2016 chickpea crop into paddocks that had chickpeas in 2015, or earlier, is risky and
you could lose money.
Further, it puts current disease management practices under pressure and could lead to reduced life
of chickpea varieties, development of fungicide resistance and problems with weeds and insects.
Growers are urged to follow recommendations for current best practice especially with regard to
crop rotation.
Background
Tempting as they are, current chickpea prices should not lure growers into thinking back to back
chickpea is a viable option. Why not? For growers, the biggest risk is you stand to lose money – a lot
of money. For the chickpea industry, the concern is that current best practices will become
redundant prematurely or will fail completely.
What are the risks of back to back chickpea?
The main risks are seed borne, stubble borne and soil borne diseases. Successful disease
management in chickpeas relies heavily on an integrated management package involving paddock
selection (crop sequencing), variety choice, seed treatment, strategic fungicide use and hygiene.
Back to back chickpea ‐ which diseases are of concern? There are four major chickpea diseases that
will be favoured by planting chickpea on chickpea, ie:
•

Ascochyta blight (AB, Phoma rabiei – previously called Ascochyta rabiei)

•

Phytophthora root rot (PRR; Phytophthora medicaginis)

•

Sclerotinia rot (“Sclero” Sclerotinia sclerotiorum and S. minor)

•

Root lesion nematode (RLN, Pratylenchus spp)

Of these, Ascochyta, Phytophthora and Sclerotinia have the potential to cause 100% loss if
conditions are conducive.
The risks of Botrytis grey mould (BGM, Botrytis cinerea), Botrytis seedling disease (BSD, B. cinerea)
and viruses (several species) are unlikely to increase with chickpea on chickpea UNLESS some
consequence of back to back chickpea favours these diseases eg patchy, uneven stands caused by
Ascochyta, Sclerotinia or Phytophthora will increase the risk of virus.
If I did not find any disease in my 2015 crop, is it safe to plant chickpea on chickpea in 2016?
The short answer is NO. Severe disease can occur even if disease was not detected in the 2015 crop
or even in earlier chickpea crops. This was demonstrated clearly in 2015 in north western
NSW/southern QLD.
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Case 1: The bulk of one paddock had been planted in 2013 to PBA HatTrick but a narrow strip was
sown with the new variety PBA Boundary . The soil was a clay grey vertosol conducive to
Phytophthora root rot when wet. PBA HatTrick has some resistance to Phytophthora (rated MR)
but PBA Boundary is susceptible. In 2013, no Phytophthora was observed in either variety. The
entire paddock grew wheat in 2014 and in 2015 was sown to PBA HatTrick . On 2 September 2015,
Phytophthora (confirmed by lab test) was obvious in the area sown to PBA Boundary in 2013 but
was not detected in the bulk of the paddock sown to PBA HatTrick in 2013. The 2015 Phytophthora
was so severe in the 2013 PBA Boundary strip that it was not harvested whereas the 2013 PBA
HatTrick area went over 2t/ha.
Case 2: In 2014 several paddocks on one farm were planted to Kyabra (susceptible to Ascochyta
blight). Ascochyta was not detected in 2014 either on the farm or in the district. This, together with
the prediction of an El Nino kicking in towards the end of July 2015, led to a decision to plant
Kyabra in the paddocks that had Kyabra in 2014. It was reasoned that if Ascochyta did occur in
2015, it could be controlled with fungicides. What was not considered would be how to manage
Ascochyta if it was too wet to spray – which unfortunately is what happened in early winter. Even
though no Ascochyta was detected in 2014, the pathogen was clearly on farm and infected plants in
late autumn/early winter. The first fungicide was not applied until 14 July by which time the disease
was well established. When inspected on 29 July 2015, Ascochyta was rampant in all paddocks and
was especially severe in those that had chickpeas in 2014, with many areas of dead and stunted
plants. Although no rain fell after end July, these “bad” areas only went 0.6 – 0.8 t/ha compared
with Kyabra planted into wheat stubble that went 1.0 – 1.5 t/ha.
What are the impacts of back to back chickpea on a grower?
The main short term one is losing money both from lost yield and quality and, for those diseases that
can be controlled in‐crop eg Ascochyta, increased production costs. Longer term consequences
include increasing inoculum loads in paddocks, rendering them less productive and less flexible. For
example with Sclerotinia spp, which have wide host ranges (including cotton), the survival structures
(sclerotia) remain viable in soil for many years. Thus any practice that increases the sclerotial load
reduces the potential of the paddock for host crops such as faba bean, canola, lupin, field pea,
cotton (and future chickpea crops).
What are the impacts of back to back chickpea on the industry?
There are three:
1. Increased risk of changes in the pathogen ie it becomes more virulent and aggressive
2. Reduced commercial life of varieties ie back to back chickpea increases the risk of the pathogen
establishing in the crop early which increases the potential for more disease cycles throughout
the growing season which means resistance genes are subjected to more challenges by the
pathogen. Resistance genes are limited; the loss of any gene will severely hinder the
development of new chickpea varieties.
3. Increased risk of pathogens developing resistance to fungicides ie reduced life of fungicide. For
diseases that can be managed with in‐crop fungicides eg Ascochyta, the earlier the disease
establishes, the more likely is the need for repeated applications of fungicides. If you wanted to
find resistance to chlorothalonil in the Ascochyta pathogen, a good place to look would be in
early sown back to back Kyabra . The problem here is that any isolate that is resistant to
chlorothalonil is unlikely to be confined to the paddock (or farm) in which that resistance
developed. Thus an Ascochyta isolate with resistance to chlorothalonil on a single farm in say
Moree could become established in the Darling Downs and elsewhere in northern and north
central NSW within a few seasons. This would be the end of chlorothalonil as a disease
management tool for chickpeas.
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Planting 2016 chickpeas into 2015 chickpea paddocks – is it worth it?
Definitely NOT. Besides it is doesn’t make sense. As well as increased risk of disease, weed and
insect management will also be more challenging. At $800/t, surely growers should be doing
everything to reduce risk and maximise yield and quality.
Further information on chickpea disease management can be found at the following:
http://www.grdc.com.au/Resources/Factsheets/2013/05/Chickpea‐disease‐management
www.pulseaus.com.au


http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/ascochyta‐blight



http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/northern‐
guide#Diseasemanagement



http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/idm‐strategies



http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/botrytis‐grey‐mould



http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/phytophthora‐root‐rot



http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/sclerotinia



http://www.pulseaus.com.au/growing‐pulses/publications/manage‐viruses

and in the NSW DPI 2016 Winter Crop Variety Sowing Guide
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Take home message


Plant seed of known identity and purity and of high quality that has been properly treated with a
registered seed dressing.



Localities where Ascochyta was found on any variety in 2015 are considered high risk for 2016
crops and growers are advised to apply a preventative fungicide before the first post‐emergent
rain event to all varieties including PBA HatTrick .



Mild temperatures, long cloudy periods and frequent rainfall events during Jun/Jul across the
Northern region as occurred in 2015, are ideal for early season outbreaks of Ascochyta blight in
chickpea crops.



In wet seasons the management of Ascochyta can be hindered by getting ground rigs into wet
paddocks and shortage of fungicides.



Follow the disease management recommendations in this article and associated links – they will
maximise your chance of a profitable chickpea crop in 2016.

The 2015 northern NSW/southern QLD chickpea season
Unprecedented high prices (peaking at $900 in Jun) led to a record planting of chickpeas in the
region. The 2015 winter crop season in northern NSW/southern QLD followed a wet Jan, dry
Feb/Mar, wet Apr (except Dalby) and wet May (except Roma, Table 1).
In most centres in northern NSW, mild, wet to very wet conditions in Jun/Jul were followed by
average or below average Aug, a very dry Sep, below average Oct rain and a wet Nov harvest. On
the Downs conditions were much drier. Rainfall totals and long term averages for the Jun‐Nov
period were: Dubbo 292mm (LTA 279mm), Gilgandra 301mm (LTA 261mm), Trangie 251mm (LTA
225mm), Nyngan 204mm (LTA 190mm), Coonamble 158mm (LTA 231mm), Walgett 236mm (LTA
201mm), Moree 204mm (LTA 258mm), Tamworth 341mm (LTA 315mm), Roma 173 (LTA 226mm),
Dalby 124mm (LTA 261mm) with monthly figures in Table 2.
With the exception of the Downs and western areas, these conditions, together with early sowing
resulted in high biomass crops which used a lot of water. Cold, dry weather from late August to late
September led to flower and pod abortion. This was not helped by considerable temperature
fluctuations in the last 10‐14 days of September (up to 20°C in a 24hr period). Hot, dry conditions in
early October put crops under further stress (as most had run out of water). Thus, in many parts of
northern NSW, seasonal conditions conspired to produce big canopies that ran out of water during
the major pod filling period. Coupled with frosts, low and fluctuating temperatures, this resulted in
missing pods, ghost pods or single‐seed pods.
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Table 1. Jan – May 2015 rain (mm) at selected locations in NSW/QLD
Location
Jan
Feb
Mar
Apr
May
Roma
86
31
33
46
12
Dalby
107
49
13
11
86
Dubbo
131
32
8
82
48
Gilgandra
103
21
3
99
73
Trangie
59
1
11
114
48
Nyngan
91
5
13
44
44
Coonamble
74
11
6
76
51
Walgett
34
0
6
24
30
Moree
105
4
60
63
33
Tamworth
90
23
52
86
38
Location
Roma
Dalby
Dubbo
Gilgandra
Trangie
Nyngan
Coonamble
Walgett
Moree
Tamworth

Table 2. Jun – Nov 2015 rain (mm) at selected locations in NSW/QLD
Jun
Jul
Aug
Sep
Oct
64
12
24
16
16
10
18
24
15
47
72
60
39
8
46
87
59
31
1
32
44
44
33
3
28
51
35
29
7
13
39
27
13
4
29
58
44
27
1
34
62
36
11
4
10
109
34
54
24
50

Nov
41
9
67
92
99
70
35
72
83
71

Nevertheless, in NSW yields east of the Castlereagh and Newell highways were generally good with
the better crops going 2.5 – 3.0t/ha. However, farmers west of these highways were disappointed
with some crops yielding less than 0.2t/ha.
In QLD, some crops on the Downs planted on wide rows went >3.0 t/ha with at least one Kyabra
crop going 3.6 t/ha. The Downs crops were sown on a full profile but with in‐crop rainfall well below
average, they did not have a lot of biomass. This, coupled with wide rows which allowed the soil to
warm up, is believed to account for the large yield differences between crops at say Dalby and those
at Moree.
Chickpea diseases in 2015
In 2015, 243 crop inspections were conducted as part of DAN00176. Ascochyta blight, AB (Phoma
rabiei formerly called Ascochyta rabiei) was detected in 60 crops. High chickpea prices tempted
some growers to break rules, eg plant back to back chickpeas and they paid the price, in terms of AB
infection and AB management costs in 2015 chickpea crops that followed 2014 chickpeas. Some
growers reported more AB in PBA HatTrick than they ever saw in Jimbour, but many of these crops
had been inundated in Jun/Jul and we know that AB resistance of waterlogged chickpeas is
compromised. Further the genetic purity of the variety could not be determined. Generally,
however, good management and dry conditions through Aug – Oct kept AB under control and no
major yield losses were reported.
Phytophthora root rot, PRR (Phytophthora medicaginis, 23 cases) caused light to moderate losses
but only in paddocks with a history of medics or where the susceptible variety PBA Boundary was
planted.
The mild wet winter also favoured Sclerotinia (24 cases) especially in paddocks with a canola history,
with both basal and aerial infections detected. Where canola was involved, the species was always
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S. sclerotiorum. One crop in the wetter areas east of Narrabri had aerial infection from ascospores
of S. minor instead of the typical infection of roots and stem base by mycelia from sclerotia. This was
the first record in this region for infection from windborne ascospores from sclerotia (due to
carpogenic germination of sclerotia) leading to infection of chickpea by of S. minor. If such
windborne infection is common, greater S. minor infection may result.
Botrytis Grey Mould, BGM (Botrytis cinerea) threatened to be a problem in high biomass crops and
some of these were sprayed with carbendazim in early spring. This together with the hot dry finish,
diminished the risk of BGM and no damage was reported.
Across the region, viruses were uncommon only reaching damaging levels in crops with poor, patchy
stands (often the result of early season waterlogging) or where weeds had not been controlled.
Herbicide injury (Groups B, C, & I) was detected in most crops during Jun/Jul inspections including
one striking example of damage predisposing a crop of PBA HatTrick at Billa Billa to PRR. Overall,
herbicides caused no serious yield loss.
Disease management recommendations for 2016
Seed treatment and seed purity: Seed borne Botrytis, seed borne Ascochyta and several soil borne
fungi can cause pre‐ and post‐emergence seedling death. Irrespective of source of seed and year of
production all chickpea planting seed should be treated with a registered seed dressing (Table 3).
Proper coverage of the seed with an adequate rate of product is essential. Be confident of the
identity and purity of your planting seed. If unsure acquire certified seed from a reputable seed
merchant.
Table 3. Chickpea seed treatments
Active ingredient

Example Product

Rate

Target disease

thiabendazole 200
g/L+ thiram 360 g/L

P‐Pickel T®

200 mL/100 kg seed Seed‐borne Ascochyta,
Botrytis, Damping off,
Fusarium

thiram 600 g/L

Thiram 600

200 mL/100 kg seed Seed‐borne Botrytis and
Ascochyta, Damping off

thiram 800 g/kg

Thiragranz®

150 g/100 kg seed

Seed‐borne Botrytis and
Ascochyta, Damping off

metalaxyl 350 g/L

Apron® XL 350 ES

75 mL/100 kg seed

Phytophthora root rot

Ascochyta Blight
The following strategy should reduce losses from Ascochyta in 2016:


In areas where AB was detected in 2015, spray all varieties, including PBA HatTrick and PBA
Boundary with a registered Ascochyta fungicide prior to the first rain event after crop
emergence, three weeks after emergence, or at the 3 branch stage of crop development,
whichever occurs first.



In areas where AB was NOT detected in 2015, spray all varieties with AB resistance lower than
PBA HatTrick with a registered Ascochyta fungicide prior to the first rain event after crop
emergence, three weeks after emergence, or at the 3 branch stage of crop development,
whichever occurs first.



2‐3 weeks after each rain event, monitor all crops irrespective of variety and spray if Ascochyta is
detected in the crop or is found in the district on any variety.
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Ground application of fungicides is preferred. Select a nozzle such as a DG TwinJet or Turbo
TwinJet that will produce no smaller than medium droplets (ASAE) and deliver the equivalent of
80–100 litres water/hectare at the desired speed.



Where aerial application is the only option (e.g. wet weather delays) ensure the aircraft is set up
properly and that contractors have had their spray patterns tested.

Botrytis grey mould, BGM
In areas outside Central Queensland, spraying for BGM is not needed in most years. However, if
conditions favour the disease it will develop even though BGM was not a problem in 2015. Thus, in
situations favourable to the disease (high biomass, average daily temperature 15C or higher,
overhead irrigation in spring), a preventative spray of a registered fungicide before canopy closure,
followed by another application 2 weeks later will assist in minimising BGM development in most
years. If BGM is detected in a district or in an individual crop particularly during flowering or pod fill,
a fungicide spray should be applied before the next rain event. None of the fungicides currently
registered or under permit for the management of BGM on chickpea have eradicant activity, so their
application will not eradicate established infections. Consequently, timely and thorough applications
are critical.
Phytophthora root rot
Phytophthora root rot is a soil and water‐borne disease, the inoculum can become established in
some paddocks. Alternative Phytophthora hosts such as pasture legumes, particularly medics and
lucerne must be managed to provide a clean break between chickpea crops. Damage is greatest in
seasons with above average rainfall but only a single saturating rain event is needed for infection.
Avoid high‐risk paddocks such as those with a history of Phytophthora in chickpea, water logging or
pasture legumes, particularly medics and lucerne. If considerations other than Phytophthora
warrant sowing in a high‐risk paddock, choose PBA HatTrick or Yorker and treat seed with
metalaxyl. Metalaxyl can be applied in the same operation as other seed dressings providing all
conditions of permits and labels are met. Metalaxyl only provides protection for about 8 weeks;
crops can still become infected and die later in the season.
Further information on chickpea disease management can be found at the following
http://www.grdc.com.au/Resources/Factsheets/2013/05/Chickpea‐disease‐management
www.pulseaus.com.au


http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/ascochyta‐blight



http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/northern‐
guide#Diseasemanagement



http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/idm‐strategies



http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/botrytis‐grey‐mould



http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/phytophthora‐root‐rot



http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/sclerotinia



http://www.pulseaus.com.au/growing‐pulses/publications/manage‐viruses

and in the NSW DPI 2016 Winter Crop Variety Sowing Guide
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Take home message


Under extreme disease pressure, Ascochyta can be successfully and economically managed on
susceptible varieties such as Kyabra and Jimbour.



However, Ascochyta management is easier and more cost effective on varieties with improved
resistance eg PBA HatTrick and PBA Boundary



The 2015 Ascochyta trial, VMP15, confirmed the next variety planned for release (CICA0912) has
excellent resistance to Ascochyta

2015 Tamworth Ascochyta management trial, VMP15
VMP15 sought to evaluate Ascochyta blight (AB) management using ten varieties/advanced breeding
lines with a range of Ascochyta resistance ratings: seven desis Kyabra (S, susceptible), PBA
HatTrick (MR, moderately resistant), PBA Boundary (MR), CICA0912 (putatively R, resistant),
CICA1007 (putatively MR), CICA1302 (for CQ, putatively MR) and CICA1303 (for CQ, putatively MR)
plus the kabulis Genesis Kalkee TM (rated MS), PBA Monarch (MS, moderately susceptible) and
Genesis 425 TM (rated R).
There were three treatments: a regular fungicide application with regular applications of 1.0L/ha
chlorothalonil (720g/L active), an alternative application variety management package (VMP)
treatment with a low and off label rate of chlorothalonil; and a nil application; irrespective of
treatment, all fungicides were applied before rain. Data for full rate and nil fungicide treatments
only, are reported here because of restrictions on publishing off label results.
The trial was sown into standing cereal stubble on 18‐19 May 2015 using tyne openers on 50cmrow
spacing in plots 4m wide by 10m long. VMP15 was split across two experiments, one on red soil,
one on heavy black soil, the later had waterlogging problems which affected AB resistance (data not
presented), here we present results for the trial on the red soil. We have seen examples of this in
commercial crops of PBA HatTrick eg at Yallaroi in 2014 and Gulargambone in 2015 where
waterlogging stress lead to a decline in AB resistance. On 16 Jun, when plants were at the 3 leaf
stage, the trial was inoculated during a rainfall event with a cocktail of 20 isolates of Ascochyta
collected from commercial chickpea crops (1999‐2014) at a rate of 1,066,666 spores per mL in
200L/ha water. This early and heavy rate of inoculation combined with extremely favourable
conditions resulted in high levels of Ascochyta disease, so much so that the unprotected susceptible
varieties were dead by the end of July and even unprotected PBA HatTrick had severe damage
(stem breakage). From inoculation to desiccation (1 Dec), the trial received 341mm in 46 days (32
days >1.0mm).
The first Group S VMP spray for Kyabra was applied before inoculation. The first Group MS VMP
spray for Genesis Kalkee TM, PBA Monarch , CICA1302 and CICA1303 was applied after three
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infection events (6 rain days, 67 mm rain since inoculation), for Group MR VMP spray (PBA
HatTrick and PBA Boundary , CICA1007) and R (CICA0912, Genesis 425 TM) the first spray occurred
after four infection events (14 rain days, 79 mm rain since inoculation). The number of rain days,
rainfall and spray applications are summarised in Table 1.
Key findings of VMP15 (see Table 2) were:
 Under extreme disease pressure, Ascochyta can be successfully managed on susceptible
varieties with frequent applications of registered rates of chlorothalonil
 Well managed Kyabra yielded 1862 kg/ha with a GM of $954/ha
 Under extreme disease pressure, unsprayed PBA HatTrick yielded only 417 kg/ha (GM ‐$4/ha)
 The new line CICA0912 performed well, yielding 1568 kg/ha (GM $844/ha) with no foliar
fungicide
The performance of PBA HatTrick in VMP15 was both a surprise and a disappointment. In all
previous VMP trials at Tamworth, unsprayed (Nil treatment) PBA HatTrick has produced
substantial and profitable yields. For example in the 2010 trial, VMP10, it produced 1707 kg/ha
(Table 3). 2010 also had above average rain in Jun/Jul that persisted throughout the season, so was
in fact more conducive to Ascochyta than 2015 (although 2015 had more rain days in Jun/Jul than
2010).
VMP10 was sown 19 May 2010 using disc openers on 38cm row spacing in plots 4m wide by 10m
long. There were four replicates (Table 3). On 17 Jun, when plants were at the 3 leaf stage, the trial
was inoculated during a rainfall event with a cocktail of nine isolates of Ascochyta collected from
commercial chickpea crops in 2008 and 2009 at a rate of 1 million spores per mL in 200L/ha water.
From inoculation to desiccation (28 Nov), the trial received 430mm rain in 67 rain days (46 days
>1.0mm) ie wetter than VMP15 both in total mm and number of rain days. Both VMP15 and VMP10
were in seasons that had regular rainfall and so supported the Ascochyta development consistently
over the season and so provide a strong evaluation of current varieties and advanced breeding lines.
A number of the key findings of VMP10 were similar to VMP15:
 Under extreme disease pressure, Ascochyta can be successfully managed on susceptible
varieties with registered rates of chlorothalonil
 Well managed Jimbour yielded nearly 3t/ha with a GM of $750/ha
 The performance of varieties and advanced breeding lines with improved resistance to
Ascochyta provided the best gross margins
The findings below contrasted between the two VMP experiments
 in 2010 PBA Boundary performed exceptionally well, yielding over 2t/ha without any foliar
fungicide, a minimal yield loss (4%), compared with 53 % in 2015.
 Under extreme disease pressure in 2010 unsprayed HatTrick still gave a profitable yield, but
unsprayed HatTrick yields were lower in 2015 and was not profitable
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Table 1. VMP15 2015 dates, number of rain days (>1 mm rain), mm of rain and dates and number of
1 L/ha chlorothalonil applications, trial sown 18‐19 May. *trial was AB inoculated on 16 June
Date
28‐31 May

No. days

mm Rain

4

31
Ist All genotypes

12 Jun
16*‐19 Jun

4

61

22 Jun

1

1

30 Jun‐01 Jul

2

4
2nd All genotypes

9 Jul
10‐17 Jul

8

12
3rd All genotypes

21 Jul
24‐27 Jul

4

13
4th All genotypes

21 Aug
23‐24 Aug

1L spray

2

40
5th All genotypes

1 Sep
3 Sep

1

11

4 Sep

1

6

16 Sep

1

4
6th All genotypes

11 Oct
14 Oct

1

16

22 Oct

1

18

23 Oct

1

12

26 Oct

1

10

7th All genotypes

The following factors in VMP15 may have contributed to the nil PBA HatTrick treatments having
poorer yields than in prior VMP trials:
(a) parts of VMP15 were waterlogged during Jun/Jul; we know from past experience and
commercial crops that any stress including waterlogging compromises PBA HatTrick’s
moderate resistance to Ascochyta.
(b) interaction between herbicide damage and Ascochyta resistance – VMP15 sustained minor
herbicide injury in August. This may have also compromised PBA HatTrick’s moderate
resistance to Ascochyta.
(c) Change in the pathogen; the isolates used in VMP10 were collected from crops in 2008 and
2009 compared to the isolates used in VMP15 which were collected from 1999 to 2014.
Recently collected isolates have shown a higher level of agressiveness on PBA HatTrick. See
Ascochyta Variability GRDC Update paper for further information.
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Table 2. Number and rate/ha of chlorothalonil sprays, cost of spraying, grain yield, and gross margin
for seven desi and three kabuli chickpea varieties on red soil in the Tamworth VMP15 trial. (GMs
also take into account other production costs estimated at $300/ha; chickpea price desi $730/t;
kabuli $1000/t) Yield P<0.001, lsd 417kg/ha; GM P<0.001, lsd $354/ha
Variety and treatment

No. Sprays

Cost $/ha

Yield kg/ha

GM $/ha

CICA0912

1.0L

7

105

1853

984

Genesis425

1.0L

7

105

1875

1470

CICA1007

1.0L

7

105

1846

982

PBA Boundary

1.0L

7

105

1755

876

PBA Monarch

1.0L

7

105

1274

869

PBA HatTrick

1.0L

7

105

1722

852

CICA1302

1.0L

7

105

1864

954

CICA1303

1.0L

7

105

1949

1018

Kyabra

1.0L

7

105

1862

954

Kalkee

1.0L

7

105

1659

1254

CICA0912

Nil

0

0

1568

844

Genesis425

Nil

0

0

1144

844

CICA1007

Nil

0

0

1083

491

PBA Boundary

Nil

0

0

1233

600

PBA Monarch

Nil

0

0

887

587

PBA HatTrick

Nil

0

0

417

4

CICA1302

Nil

0

0

0

‐300

CICA1303

Nil

0

0

0

‐300

Kyabra

Nil

0

0

0

‐300

0

0

1589

1289

Kalkee

Nil
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Table 3. Number and rate/ha of chlorothalonil sprays, cost of spraying, grain yield, and gross margin
for four desi chickpea varieties in the Tamworth VMP10 trial. (GMs also take into account other
production costs estimated at $300/ha; chickpea price $450/t))
Variety and treatment

No. Sprays

Cost $/ha

Yield kg/ha

GM $/ha

Jimbour 1.0L

14

294

2988

750

a

14

294

2549

553

14

294

2604

578

14

294

2410

491

Jimbour Nil

0

0

0

–300

Kyabra Nil

0

0

0

–300

PBA HatTrick Nil

0

0

1707

468

PBA Boundary

0

0

2320

744

Kyabra

1.0L

PBA HatTrick

1.0L

PBA Boundary

1.0L

Nil

a

Kyabra 1.0L one of the four reps was severely affected by water logging which (i)
compromised Ascochyta control and (ii) impacted on yield
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Take home message


Increasing level of inoculum (oospores/plant) of Phytophthora medicaginis (Pm) was strongly
correlated with decreasing yield of the moderately resistant variety Yorker



An inoculum level of 660 oospores/plant (PreDicta B® > 5000 Pm copies/g soil) at sowing
significantly reduced yields compared with lower inoculum levels under both dryland and
irrigated conditions



Testing soil samples from growers’ 2015 paddocks confirmed the results of testing 2014 samples
®
that the PreDicta B soil Pm test can identify Pm in growers paddocks in NSW and QLD



These findings provide further evidence that the PreDicta B® Pm test will be a useful tool for
growers to determine their risk of Phytophthora root rot
®

Note: the SARDI PreDicta B test for Phytophthora medicaginis is under development and is not yet
available commercially
Phytophthora medicaginis detection in soil
Phytophthora medicaginis (Pm), the cause of chickpea Phytophthora root rot (PRR) is endemic and
widespread in southern QLD and northern and north central NSW. Under conducive conditions, PRR
can cause 100% loss. The pathogen survives from season to season on chickpea volunteers, lucerne,
native medics, sulla and as resistant structures (oospores) in roots and soil.
A PreDicta B® soil DNA test has been developed by the South Australian Research and Development
Institute (SARDI) to quantify the amount of Pm DNA in soil samples and so provide a measure of the
amount of Pm inoculum (infected root tissue and oospores) in paddocks. We report on the second
season of studies to assess the capability of this test to:
1. detect Pm inoculum in soil from commercial paddocks
2. predict the risk of PRR disease and potential yield losses in chickpea
Pm inoculum level, PRR disease and yield
It would be useful if the Pm DNA test could predict the amount of PRR disease and potential losses.
For example, would paddocks with nil, low and high Pm inoculum levels have nil, low and high PRR
disease and yield losses? Our 2014 Pm inoculum concentration field trial (Tamworth) using the PRR
susceptible variety Sonali (rating S) showed that yield losses were greatest at the highest soil Pm
concentrations but that even at low soil concentrations (100 oospores/plant) substantial yield loss
occurred. Pm is able to multiply quickly under high soil water conditions. The 2014 trial showed
that following a saturating rain event, the amount of disease and extent of yield loss with medium
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levels of inoculum (500 and 1000 oospores/plant) caught up with those of higher levels of inoculum
(2000 and 4000 oospores/plant)
The aim of the 2015 field trial (DAF Qld Hermitage Research Station, Warwick, QLD) was to relate the
Predicta B® Pm test to PRR level and yield loss for low inoculum levels (<1000 oospores/plant) using
the most PRR resistant variety Yorker (rating MR), under dryland and irrigated conditions.
Irrigation was included to specifically test if low inoculum treatments would have similar effects on
disease and yield loss to those of high inoculum treatments under disease conducive conditions. On
10 June 2015, a range of Pm inoculum levels was established by applying, at sowing, different rates
of oospores in‐furrow. On 10‐11 Jun, thirty soil samples (150 mm depth cores) per plot (5 reps) were
pooled and tested for soil Pm concentration by PreDicta B®. The trial was also sampled for end‐
season DNA Pm concentrations on 15 December (data not available at time of writing).
Irrigation was applied on 10‐11 Sep and on 16‐17 Oct following 2 weeks with low rainfall (< 3mm).
Winter rainfall was similar to long term average values for July (22mm) and August (25mm) but
September and October both had below average rainfall totals. November was wet with 97mm of
rain.
Soil Pm DNA values at sowing differed significantly among oospore treatments but not between
irrigation treatment (Table 1). Three of ten Nil (0) oospore plots had positive but low Pm DNA
results, indicating background Phytophthora in some plots.
On 13 Oct (end of flowering), the irrigated 130 and 660 oospores/plant treatments had significantly
more PRR than the dryland 130 and 660 oospores/plant treatments (Table 1). By 12 Nov (dryland
treatments senescing), the irrigated 40, 130 and 660 oospores/plant treatments had significantly
more PRR than the dryland 40, 130 and 660 oospores/plant treatments.
The interaction of irrigation and oospore treatments on grain yield was complex as indicated by
(Table 1, Figure 1):
(i) at low inoculum levels (zero and 40 oospores/plant), irrigation increased yield compared
with dryland
(ii) for medium inoculum (130 oospores/plant), irrigation had no significant effect on yield
(iii) for the highest inoculum level (660 oospores/plant) irrigation reduced yield compared with
the dryland treatment.
These interactions suggest that at low PRR levels, the primary effect of irrigation is on yield, but at
high PRR levels the primary effect is on disease. However, the shape of these relationships are likely
to vary from season to season due to differences in seasonal rainfall (Figure 1).
Furthermore multiple processes will affect outcomes. For example, although yields did not differ
between the irrigated and dryland 130 oospores/plant treatments (~3000 P.med DNA seq no/g soil)
there was more disease in the irrigated treatment. In this 2015 trial, the uninfected irrigated plants
in a plot will have had grain yield benefits from irrigation and so probably compensated for the yield
loss of infected plants. However, for seasons with above average early‐season rainfall there may be
greater early‐season disease development and hence greater impacts on yield at this same 3000
P.med DNA seq no/g soil inoculum level.
Under PRR conducive conditions, can low initial levels of inoculum catch up to high initial levels
with regard to disease severity and yield loss? This is not clear from the current experiment and
further research is required.
Can the Pm DNA soil test predict risk of Phytophthora? Based on the results of this trial with
Yorker (MR) and the 2014 Tamworth one with Sonali (S), the answer is YES. For Yorker significant
yield loss can be expected with starting (pre‐sow sampling) inoculum levels above ca 3000 Pm DNA
sequences/g soil (ca 130 oospores/plant).
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However, these values may need to be interpreted with some caution as seasonal conditions will
modify outcomes, for instance in a dry season less disease may develop from the same amount of
inoculum.
Table 1. Irrigation‐oospore treatment, soil Pm DNA concentration, PRR assessment and yield of
Yorker in 2015 Pm inoculum trial at Warwick, QLD (Soil Pm concentration: P < 0.001; LSD 1092.6;
13 Oct PRR rating: P = 0.038; LSD = 0.58; 12 Nov row cm of PRR stunted plants: P = 0.035; LSD 46.4;
Grain yield: P<0.001; LSD = 480.7)
Treatment,
dryland (D),
irrigated (I), no.
oospores per
plant

Soil Pm DNA
concentration at
sowing no. Pm
sequences/g soil

13 Oct PRR
rating (1= no
disease, 9 = all
plants dead)

12 Nov. cm of
row of PRR
stunted plants

Grain yield,
kg/ha

D‐0

342

1.1

16

3198

D‐40

1986

1.7

18

2961

D‐130

3051

2.0

88

3038

D‐660

5357

3.1

203

2402

I‐0

169

1.2

6

3914

I‐40

1765

1.8

78

3631

I‐130

2996

2.8

185

2966

I‐660

5925

4.2

395

1764

Figure 1. Multiple regression for plot soil Pm concentrations at sowing vs. grain yield for dryland
(black symbols) and irrigated (white symbols) treatments (model R2 = 0.745), treatment means
presented.
Pm DNA detection in soil samples from commercial paddocks
We evaluated the ability of the Pm DNA test to detect Pm in soil samples from growers’ paddocks.
Over the winter‐spring period of 2014, soil samples were collected from fields in central (16) and
south‐western Queensland (10), and Victoria (7). Most paddocks included chickpeas in the rotation
but not all had chickpeas in 2014. There were eight perimeter sample sites per paddock, one near
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each corner and one near the midpoint of each side. At each of the eight sample sites, a W
collection pattern was walked towards the centre of the paddocks and 10 soil cores (150 mm depth
PreDicta B® soil corer) collected every 20 – 25 paces along the sample path (total distance 200 – 250
m per sample site), giving a total of 80 soil cores.
Samples (9) were also collected from southern NSW, in this case most paddocks included either
lucerne or lupins in the rotation. For these sites a diagonal collection pattern across low lying and
weedy areas of paddocks was used and 80 150mm PreDicta B® cores collected per site.
Soil samples were stored in sealed plastic bags at 5°C. Samples were homogenised by cutting up
cores and mixing, following which a 400g sub sample was sent to SARDI for DNA analysis. The
remainder of each sample was then restored at 5°C until the baiting experiment was setup.
Samples from 43 paddocks were prepared for DNA analysis and a Pm baiting experiment.
Subsamples of soil were dried at 105°C for 24h to determine soil moisture content, then non‐dried
soil was mixed with sand (dry weight basis, 55g soil + 154g sand), placed in a plastic cup (70mm
width, 75mm height). There were five reps; soil from a Pm inoculated field trial (MET14) served as a
control. Three Sonali seeds were sown in each cup, the cups placed in a glasshouse (RCB design).
The cups were watered to 21% soil moisture content three times a week. After 18 days the cups
were flooded for 48h then drained. Seedlings were assessed for disease (chlorosis, stem cankers,
death) three times a week. Stem canker tissues were plated to isolate Pm. Cultures with
Phytophthora like growth on cornmeal agar were plated on low strength V8 agar and colony
morphology, oospore production and oospore size used to identify Pm like cultures. The isolation of
Pm was attempted from all treatments that produced chlorosis followed by the appearance of Pm
like stem cankers, in addition, the isolation of Pm was also attempted from any treatments where
there were disease symptoms or seedlings with poor growth. After eight weeks the experiment was
terminated.
Ten of the 43 paddock soil treatments produced PRR like cankers on plants, Pm like cultures were
isolated from eight samples from growers paddocks; Pm like cultures were also isolated from the
MET14 control soil, giving a total of nine Pm isolates. One of the samples (NIE1) produced cankers
that were not caused by Pm.
Of the 43 paddock soil treatments (including the MET14 control soil), 9 had positive Pm DNA results.
Comparing the DNA results to the isolation results showed that most (8/9, 89%) samples which had
positive DNA results also yielded Pm cultures and that most (33/34, 97%) samples which had
negative DNA results also did not yield Pm cultures (Table 2).
Notably, one sample (LOU2) which yielded a Pm culture was negative for Pm DNA.
One sample (A) was positive for Pm DNA but did not yield Pm cultures, seedlings in all 5 cups
remained healthy. This sample that did not produce any PRR symptoms had a lower Pm DNA value
(1,234 Pm copies/g soil) than other samples (range 2,443‐813,436 Pm copies/g soil). Possible
explanations for this result is: (i) more time may be required for symptoms to develop, or (ii) that the
pathogen had died but some DNA had been detected.
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Table 2. Comparison of Phytophthora medicaginis (Pm) DNA detection in 43 paddock soil samples
and isolation success of Pm from Sonali chickpeas grown in these samples
43 samples analysed for Pm DNA
9/43 + Pm DNA
34/43 nil Pm DNA
9/43 + Pm
8/9
1/34
43 soil samples
isolates
(positives)
(false negatives)
baited with
chickpeas for
34/43 nil Pm
1/9
33/34
Pm
isolates
(false positives)
(negatives)
These second season of results for the capability of the soil Pm DNA test are again generally
promising, with most samples with positive and negative Pm DNA results corresponding to expected
Pm isolation results. However, results for some samples indicate that further work is required to a)
identify what factors may contribute to false negative results and b) determine if false positives are
due to the presence of dead or inactive Pm DNA.
Pm DNA sampling in paddocks and disease risk determination
The DNA result for a soil sample from a paddock can only provide an indication of inoculum
concentration and disease risk for the areas of the paddock which were sampled. Therefore, the
spread and locations of sampling across a paddock will affect how representative DNA results are for
a paddock. Because of the risk of rapid PRR disease build up following wet conditions it may be
appropriate to treat a negative Predicta B® test result as indicating a low risk rather than a nil risk, as
the pathogen could still be in areas of the paddock that were not sampled and so still cause PRR and
reduce yield.
To maximise the probability of determining the PRR risk of a paddock, target those areas of the
paddock where Pm is more likely to occur. The pathogen thrives in high soil moisture contents and
so often occurs in low lying regions of paddocks where pooling following rain may occur. The
pathogen also carries over from season to season on infected chickpea volunteers, lucerne and,
native medics. Including low lying areas and weedy areas of paddocks during PreDicta B® soil
sampling may provide the best strategy to identifying a paddocks disease risk of PRR in chickpea.
Detailed information on control of PRR in chickpea is available at:
http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/phytophthora‐root‐rot
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Take home message


In a wet season, substantial (94%) yield losses from PRR occur in susceptible varieties such as
PBA Boundary . Do not grow PBA Boundary if you suspect a PRR risk



Varieties with improved resistance to PRR (PBA HatTrick and Yorker ) can also have large yield
losses (68‐79%) in a very heavy PRR season



Although yield losses will occur in very heavy PRR seasons, crosses between chickpea and wild
Cicer species such as the breeding line CICA1328 offer the best resistance to PRR



Avoid paddocks with a history of lucerne, medics or chickpea PRR

Varietal resistance to phytophthora root rot
Phytophthora medicaginis, the cause of phytophthora root rot (PRR) of chickpea is endemic and
widespread in southern QLD and northern NSW, where it carries over from season to season on
infected chickpea volunteers, lucerne, native medics and as resistant structures (oospores) in the
soil. Although registered for use on chickpeas, metalaxyl seed treatment is expensive, does not
provide season‐long protection and is not recommended. There are no in‐crop control measures for
PRR and reducing losses from the disease are based on avoiding risky paddocks and choosing the
right variety.
Detailed information on control of PRR in chickpea is available at:
http://www.pulseaus.com.au/growing‐pulses/bmp/chickpea/phytophthora‐root‐rot
Current commercial varieties differ in their resistance to P. medicaginis, with Yorker and PBA
HatTrick having the best resistance and are rated MR (historically Yorker has been slightly better
than PBA HatTrick ), while Jimbour is MS ‐ MR, Flipper and Kyabra are MS and PBA Boundary
has the lowest resistance (S). PBA Boundary should not be grown in paddocks with a history of
PRR, lucerne, medics or other known hosts such as sulla.
From 2007 to 2015 PRR resistance trials at the DAF Qld Hermitage research Facility, Warwick QLD
have evaluated a range of varieties and advanced PBA breeding lines. Each year the trial is
inoculated with P. medicaginis at planting. There are two treatments, (i) seed treatment with thiram
+ thiabendazole and metalaxyl and regular soil drenches with metalaxyl (Note: soil drenches with
metalaxyl not currently registered) and (ii) seed treatment with thiram + thiabendazole only with no
soil drenches. The first treatment has prevented infection by the PRR pathogen in all of these trials.
The difference in yield between the metalaxyl‐treated plots and untreated plots are used to
calculate the yield loss caused by PRR i.e. % loss = 100*(Average yield of metalaxyl‐treated plots –
Average yield of nil metalaxyl plots)/ Average yield of metalaxyl‐treated plots.
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Yields in metalaxyl‐treated plots were close to seasonal averages for the 2015 season with the
lowest yielding breeding lines and varieties (CICA1328, Yorker and PBA HatTrick ) yielding close to
2.5 t/ha (Table 1).
In 2015 the level of PRR in the trial was considerably higher than those previous seasons such as
2014 (Table 2). For example yield losses were greater than 40% for CICA1328 in 2015 but only 1.8%
in 2015 and yield losses for PBA Boundary were 94% in 2015 and 74% in 2014. However, the 2015
trial again confirmed that Yorker and PBA HatTrick had better resistance than PBA Boundary
(Table 1), which has been consistent across previous trials.
Results for the high PRR disease season of 2015 showed that susceptible varieties sustain substantial
yield loss from PRR and that varieties with moderate resistance have reduced losses. The 2015 trial
again confirmed the superior PRR resistance of the PBA breeding line CICA1328 which is a cross
between a chickpea (Cicer arietinum) line and a wild Cicer species.
CICA1007 was included in the 2015 trial because it has high yield and large seed size in a Yorker
background. In the absence of PRR it was the second highest yielder in the trial (2.93t/ha) and its
yield loss to PRR was similar to Yorker .
Table 1. Yields of commercial chickpea varieties and breeding lines protected from Phytophthora
root rot, and % yield losses from PRR in a 2015 trial at Warwick QLD. (P Yield<0.001; lsd Yield = 0.46)
Variety/lineA
CICA1328A
D06344>F3BREE2AB027 A

PBA HatTrick
Yorker
CICA1007
CICA0912
PBA Boundary
A

Yield (t/ha) in
absence of
Phytophthora
infection
2.64
2.52
2.50
2.61
2.93
2.76
2.88

Yield (t/ha) in
presence of
Phytophthora
infection
1.54
1.05
0.81
0.57
0.71
0.37
0.17

% yield loss due
to
Phytophthora
infection
41.7
58.4
67.7
78.7
75.9
86.6
94.0

These lines are crosses between chickpea (C. arietinum) and a wild Cicer species

Table 2. Yields of commercial chickpea varieties and breeding lines protected from Phytophthora
root rot, and % yield losses from PRR in a 2014 trial at Warwick QLD. (P Yield<0.05; lsd Yield = 0.80)
Variety/lineA
CICA1328A

Yorker
CICA1211
D06344>F3BREE2AB027 A

PBA HatTrick
CICA0912
PBA Boundary
A

Yield (t/ha) in
absence of
Phytophthora
infection
2.76
3.01
3.01
2.93
2.94
3.23
2.79

Yield (t/ha) in
presence of
Phytophthora
infection
2.71
2.69
2.66
2.13
1.98
1.79
0.73

% yield loss due
to
Phytophthora
infection
1.8
10.4
11.6
27.4
32.8
44.6
73.8

These lines are crosses between chickpea (C. arietinum) and a wild Cicer species
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Soil acidity ‐ Crop yield impacts and management in Central Western NSW
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CWF00119 Soil acidity and pH management for central west farming districts.
Take home message:








Soil acidification is a natural process accelerated by high crop yields, fertilizer use and potentially
direct drilling and stubble retention. It is an unseen cost of doing business.
To maintain a good soil pH profile producers should aim for a pH(CaCl) above 5.0 in the 0‐10cm
of topsoil or 5.5 if subsoil acidity issues are present. The target in the 10‐30cm zone is greater
than pH (CaCl) 4.8.
Retesting during 2015 of historic soil pH datasets confirms soil profiles continue to acidify.
Left unmanaged sub soil acidification is likely to occur in most Central West NSW soils.
Liming needs to be thought of as a farm input, like checking and changing the oil in the tractor,
(maintaining capital) rather than buying urea (dollars returned per dollar invested).
Cost in managing soil pH are easier to quantify than returns.

Background
Soil acidification is the natural process accelerated by agriculture. Most produce (grain, meat, fibre)
is alkaline and harvesting it causes an increase in acidity. Agriculturally generated sub surface soil
acidity is a threat to the sustainability of intensive cropping in low rainfall districts. Preventing sub
surface acidity is the preferable option, as the cost of attempting amelioration after sub surface
acidification has occurred is time consuming, expensive and most likely cost prohibitive. The vast
majority of research on ph management, liming response and economics has been conducted in the
medium and high rainfall grain production zones in eastern Australia or in Western Australia.
Unfortunately the risk reward scenario for producers in low rain areas of NSW, where pH is likely to
be a developing issue, means these research findings and economic models are not readily
transferrable.
Soil acidification is not as obvious as other soil issues such as salinity, erosion or structural decline.
Symptoms are less visible, production declines are gradual and these changes are often attributed to
other factors such as weather. To maintain a good soil pH profile producers should aim for a pH
(CaCl) above 5.0 in the 0‐10cm of topsoil or 5.5 if subsoil acidity issues are present. The target in the
10‐30cm zone is greater than pH (CaCl) 4.8.
In soils where aluminium is present a small drop in pH can result in a large increase in soluble
aluminium which retards root growth, restricting the crops ability to access water and nutrients. At
harvest this results in a yield penalty and smaller grain size, usually most noticeable in seasons with
a dry finish as plants have restricted access to stored subsoil water for grain filling.
The rate of acidification will depend on the pH buffering capacity of the soil, its initial pH,
cumulative crop yields and the frequency of use of acidifying fertilisers and production of legume
crops. Heenan et al reported that a higher rate of acidification was observed with direct drilling and
stubble retention at Wagga Wagga. These findings are not a reason to stop stubble retention or
using legume break crops, as there are other indicators that business profitability and soil health
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are significantly improved by these practices. The key message is to be conscious of a gradual
decline in soil pH and to take a proactive approach towards limiting the decline.
pH trends in the Central West
The GRDC funded “CWFS Soil acidity and pH management for central west farming districts” project
involved identifying and retesting historic pH monitoring sites from previous publically funded
projects. New monitoring sites were also established and GPS located for future reference. A
problem encountered in retesting historic sites was accurately identifying the paddock locations and
precisely where samples were collected. GPS locating of sample sites was not a technological option
when these sites were originally tested.
Six sites were confidently identified and the results of testing are shown in table 1. The critical
observation is that pH has generally declined in the 14 years since initial testing. At 3 of the farms
topsoil pH is more than likely resulting in a yield penalty. Changes in land use practise may help in
explaining the observed change in pH. The Nymagee site had changed from cropping to native
pasture. Cropping programs at Tottenham and Euabalong West remained relatively unchanged in
mixed farming systems. The sites at Wirrinya, Ungarie and Condobolin West have become more
intensive cropping enterprises with more fertilisers and legumes in the cropping cycle, pH at these
sites would be likely limiting grain production and sub surface acidification is imminent.
2014 pH at depth data is presented in figure 1. The observed increase in pH at depth is typical of the
red brown soil types of the region. Comparisons for pH at depth from 2000 and 2014 are difficult
due to the differences in sub sampling depth increments used. Averaging pH readings per depth
increment, (practically what happens in the field during sub sampling) and reassigning soil depth
increments gave some comparable data. Using the resulting rate of change for pH over the last 14
years, projections have been made for possible readings of Condobolin in 2028 and they indicate a
difficult soil environment for cropping. Results are presented in figure 2. The projections need to be
considered with caution. Heenan, et al, demonstrated that when a crop system is established, based
on a relatively stable long term rotation and management programs, soil pH drop and after a period
of time soil pH tend to stabilise or at very least the rate of soil acidification slows. It appears the time
before the pH stabilises depends heavily on the paddock history prior to the management change.

Table 1. Observed changes in pH at 6 locations between 2000 and 2015
Nymagee

Wirrinya

Ungarie

Condobolin
west

Tottenham

Euabalong
West

2000 pH
(CaCl)
0‐10 cm

4.8

4.9

5.2

4.8

5.2

5.7

2015 pH
(CaCl)
0‐10cm

5.7

4.4

4.6

4.5

5.0

5.9
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Figure 1. 2015 observation of soil pH at depth for 3 selected historic monitoring sites

Figure 2. Observed and projected soil pH at Condobolin west site (2000‐2028)
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Is liming worthwhile in Central West districts?
The application of lime to manage soil pH is not new science, it has been known since Roman times.
Current knowledge clearly identifies that to maintain a good soil pH profile producers should aim for
a pH (CaCl) above 5.0 in the 0‐10cm of topsoil or 5.5 if subsoil acidity issues are present. The target
in the 10‐30cm is greater than pH (CaCl) 4.8. The economics of applying lime in low rainfall
environments is not as clear cut as in medium to high rainfall districts where yields are generally
higher and more consistent, resulting in potentially quicker acidification due to product removal, a
potential higher dollar loss in production per hectare over time and higher land values which support
and or justify more intensive maintenance liming programs.
Agriculturally induced soil acidification is using up the capital in your farming system. A fundamental
mindshift is required in low rainfall districts so the application of lime is considered an integral part
of maintaining the system’s financial and environmental capital base rather than being considered a
stand alone crop input.
If a yield response to liming is observed the reality is that production has historically been lost to soil
acidity. Where there is no response but liming was undertaken on the basis of pH and soil testing to
determine rates, the liming was not wasted but acting to maintain a good soil pH profile and will
prevent yield decline in the future. pH management and the application of lime should be
considered similar to changing the oil in the tractor motor according to the manufacturers
specifications to maintain reliability and asset value as opposed to purchasing a crop input, like
nitrogen fertiliser, to improve yields or protein and receive a dollar return for the investment in a
cropping cycle.
Other GRDC supported initiatives have produced models and computer based decision support tools
to aid producers planning. Two calculators may be of use and are available at the following web
address’s;
http://soilquality.org.au/calculators/lime_benefit ‐this calculator is relatively simple and requires a
nominated yield improvement over time to be nominated from liming to calculate the $ return. Such
an approach is very simplistic. It does not allow for a yield reduction over time if soil pH is allowed to
decline. As suggested earlier where there is no response but liming was undertaken on the basis of
pH and soil testing results, the activity is about maintaining farm capital rather than considering the
application of one variable crop input over another.
http://www.liebegroup.org.au/lime‐profit‐calculator/‐ this calculator was developed in Western
Australia by the Liebe Farming Systems Group which represents some low rainfall cropping areas of
the state. It is very indepth and naturally focused on Western Australian conditions but is potentially
useful for local producers. The CWFS “Soil acidity and pH management for central west farming
districts” project creates partnerships with the Western Australian owners of the calculator and the
intention is to develop a similar model suitable for low rainfall cropping districts in NSW, but this a
few years away.
As stated previously a change in thinking is required in low rainfall districts so the application of lime
is considered an integral part of maintaining the system’s financial and environmental capital base
rather than considered a stand alone crop input. Remember more like justifying changing the oil in
the tractor rather than justifying buying urea. If this occurs there are clearly two opportunities when
liming should be considered. Firstly following those financially rewarding years when returns allow
for replacement and improvement in capital items on the farm (soil is part of the farms capital
equipment). Secondly in stubble retained systems where the trend is for “strategic” cultivation in the
rotations. Lime incorporated into the topsoil acts quicker than surface applied lime. Is should be
noted that the impact of take‐all disease appears greater immediately following liming so if the
disease is a likely concern inoculum levels should be managed in the paddock in the seasons prior to
lime applications and wheat production.
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Commercial calculators are also available through the Back Paddock Company at
http://www.backpaddock.com.au/help‐desk/soilmate/information‐library/online‐calculators/
Developing and costing of a soil pH management program
The cost and returns of a pH management program is not as comparable between farms as are
operations such as sowing, spraying or harvesting; no relevant benchmarks for low rainfall districts
likely exist. Individual business’s will need to develop their own programs and subsequent costings
using accurate soil testing and interpretation as the basis. Generally returns are more difficult to
quantify than costs.
Figure 3 provides a quick reference to an individual paddock’s pH and its likely impact on crop
performance. Understanding the effects of pH levels on crop performance in a particular paddock
requires accurate spatial information about soil chemistry across that paddock and an understanding
of what of the limiting factor of crop performance pH is influencing. For example if acidification is
resulting in increasing availability of aluminium than response to liming is likely to be seen quite
quickly. If alternatively decreasing pH was making phosphorus less available then economic return
would more than likely be lower and slower to achieve.
pH management is about maintaining the farms capital value. Unfortunately it does not readily show
up in a valuation like other long term investments such as a silo complex or new fencing. It is
reasonable to expect though that an ability to demonstrate good soil pH management would add to
a property’s value if it was sold.
If on the basis of historical soil test declining pH levels are observed a time line for remediation
could be developed. Figure 4 is a decision support tree that highlights likely responses. A guide to
application rates is presented in Table 2 but it is critical that final rates be determined on the basis of
sound soil sampling procedures and interpretation of test results.
Costs are easier to quantify then returns and fall into 3 basic variables, namely‐
1/ Cost of collecting and interpreting accurate spatial soil chemistry data. Results to any
amelioration of soil pH will only be as good as the data used to develop application rates. Over
liming, particularly on light soils can lead to nutrient tie up issues and create as many agronomic
problems as the liming was attempting to resolve. Approaches to data collection vary from basically
spending time in the field with a simple soil pH indicator kit to rapid pH assessments across a
paddock on a fee for service basis from commercial suppliers.
2/ On farm cost of lime. Lime quality and freight cost from source need to be considered to
establish a cost per hectare. A simple measure of lime quality or purity is its neutralising value. It is a
measure of the amount of acid on a weight basis the lime will neutralise. The higher the value the
lower the rate of lime per hectare required to achieve the same change. The use of neutralising
value to develop application rates per hectare is a similar concept to using fertiliser analysis in
developing application rates.
3/ Cost of spreading. Obviously only consider lime sources that physically can be spread using
owned machinery or contractors available in the district. Some “manufactured granular” as opposed
to mined and sieved lime products are becoming available. Generally they are more expensive per
tonne but may offer significant advantages in terms of material handling and application for some
producers.
Careful consideration and costing of the options based on the aims of your pH management
programme could lead to significant savings in cost over time.
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Ph
(CaCl)

< 4.5

Top soil
0‐10 cm

<4.8

<5.5

5.5‐8.5

Limited lime applied able
able to leach to subsoil
Yield penalty

Safe zone

Sub soil
10‐
30cm

Yield
penalty
imminent

Figure 3. The likely impact of liming. (Dept of Food & Agriculture Western Australia)

pH (CaCl) above
5.5

Top soil
(0‐10 cm)
yes

Subsurface
(10‐30cm)

no

pH above 4.8

yes

pH monitoring
programme

pH above 4.8

no

Project results
suggest unlikely
to occur in unlimed
cropping paddocks
in CWFS districts

yes

Maintenance
liming to
increase topsoil
pH & prevent
subsoil acidity

no

Recovery rates of
lime to manage top
& subsoil pH
lag time
2‐6 years

pH monitoring
programme
Figure 4. A decision support tree to aid liming decisions
(Dept of Food & Agriculture Western Australia)
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Table 2. A basic guide to application rates of lime (fine lime,NV>95%) required to alter soil pH.
(NSW DPI Soil acidity & liming Agfact)
Soil test

Lime required (t/ha) to lift pH in top 10 cm

ECEC

From 4.0

From 4.3

From 4.7

From 5.2

(cmol(+)/kg)

to 5.2

to 5.2

to 5.2

to 5.2

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

1.2

0.8

7

6.3

3.3

1.4

1

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

Soil pH management and precision agriculture technologies
Similar to most soil characteristics spatial variability of soil pH can be significant, particularly in the
large area paddocks common in the low rainfall zone. The development of management zones and
use of variable rate technology in lime application is already commercially available. A distinct
advantage with using variable rate application technology in liming is that it limits the potential for
higher than required application rates in some areas of the paddock that would occur in a blanket
single rate application. Excessive rates can impact crop performance similarly to not managing pH at
all.
The starting point to development of management zones is quality paddock mapping. Commercial
providers of rapid pH assessments across the paddock are operating in NSW. Figure 4 and 6 below
are examples of commercially available services. They were supplied by a cooperating farmer in the
project and form the basis for their pH management.
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Figure 5. Results of pH assessments across a paddock. Note spatial variability
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Figure 6. Management zones developed from pH assessments in figure 4
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Take home message


The loss of many post‐emergent herbicides to resistance is prompting increased use of pre‐
emergent herbicides



With planning, pre‐emergent herbicides can fit into parts of most farming systems



Key breakdown mechanisms for most pre‐emergent herbicides in the soil rely on one or both of
microbial degradation or a chemical reaction known as hydrolysis. Both mechanisms need soil
water in same zone as the herbicide



Insufficient rainfall, or a rainfall pattern where very heavy falls are followed by prolonged dry
spells, can significantly increase the duration of the required re‐crop interval



Herbicides broken down by hydrolysis include the triazines and sulfonylureas. Breakdown via
hydrolysis is much slower at high pH levels ‐ hence these products persist longer in alkaline soils,
where microbial decomposition becomes the primary pathway for breakdown



While the imidazolinones are broken down primarily by microbial activity, they bind far tighter
to soil in low pH conditions, and are thus less available for microbial breakdown in low pH soils.
As a result, these products persist longer in low pH soils.



For highly soluble, low binding herbicides, leaching may be a major pathway for herbicide loss. If
there is an impervious layer in the soil profile, herbicide may sit above this layer and therefore
persist longer than in a free draining soil.

Weed resistance to post emergent herbicides is resulting in increasing use of pre‐emergent
herbicides. While solving a herbicide resistance issue with another herbicide is not a long term
solution, pre‐emergent herbicides can in the short term, add much‐needed diversity to the cropping
system and provide a cost‐effective weed control buffer, while growers get their heads around the
longer term need to integrate multiple non‐herbicide tactics into their farming system.
Pre‐emergent herbicides used in crop can be highly effective at protecting crop yield, but may allow
sufficient escapes so that the weed seedbank is replenished. Escapes can occur due to uneven soil
coverage and/or incorporation or weed seeds emerging from either above or below the herbicide
band (depending upon the pre‐emergent herbicide used). In the fallow, pre‐emergent herbicides
offer a much‐needed option to reduce subsequent germinations, and work particularly well in
already low density weed seedbank populations.
Typically, pre‐emergent herbicides fit in fallow applications as a tank mix partner with paraquat in
the second spray in a double knock sequence. By eliminating one or more subsequent weed
germinations, there can be significant cost savings as well as benefits in spray logistics and
management
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More innovative uses for pre‐emergent chemistries include targeting them for patch management
and integrating their use with weed mapping software.
Many growers place great value in their ability to maintain cropping flexibility. As a result, post‐
emergent chemistries are often preferred. Growers that are unwilling to use pre‐emergent
herbicides, forego the significant benefits and advantages of using these products in their farming
system.
On any property in any season, there will almost always be some paddocks for which there is a
known rotational plan where the downside risk of using pre‐emergent herbicides on re‐crop
flexibility can be managed. Benefits of pre‐emergent herbicides include:


diversity of weed management tactics and mode of actions used



reduced logistical pressure on post‐emergent spraying, and



capture of potential yield benefits from combining pre‐emergent herbicides, early sowing
opportunities and the high level of crop competition often associated with earlier sown
crops.

With increased use of pre‐emergent herbicides and recent drought conditions in many areas, a
number of growers have been caught with herbicide residuals that impeded cropping flexibility. This
paper focuses on the breakdown mechanisms of pre‐emergent herbicides, after they have been
incorporated either by rainfall or other means, and the implications this has for re‐crop intervals.

Figure 1. Pathways for herbicide degradation, loss and movement

Most pre‐emergent herbicides are broken down by microbial activity in the soil. A smaller number
are broken down primarily by a chemical reaction known as hydrolysis.
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The rate of herbicide persistence is usually reported as a DT50 value. DT50 values represent the half‐
life, or the days for 50% of the herbicide in the soil to breakdown. As this varies for different soils
and conditions, the DT50 is often reported as a range of values from different soil types or as an
average value across a range of soils.
Herbicides with a DT50 under 30 are often classified as non‐persistent as they tend to breakdown
relatively quickly. However, at very high rates, some products with low DT50 values can still provide
useful pre‐emergent activity. An example is s‐metolachlor e.g. Dual® Gold (DT50 of approximately
21). In the case of Dual Gold the use rate in sorghum and maize is 1‐2L/ha (960‐1920 gai/ha) which is
much higher than required for short term residual weed control, however by applying this high rate,
a few months residual control can be achieved before the product dissipates. The speed of
breakdown in the soil depends on a range of factors, including:


for products that are broken down by microbial processes,
o

soil organic matter to support the microbial population in that zone of the soil where the
herbicide residue lies

o

supply of oxygen, nutrients and a relatively neutral pH

o

warm/hot temperature will increase the speed of build‐up of microbial populations

o

rainfall pattern

o



rainfall is generally the factor limiting the build‐up of microbial populations, and
hence herbicide breakdown



populations will build fast following a rainfall event, while also crashing fast as
the soil dries out, particularly in the soil surface where most of the microbes
reside



rainfall patterns which keep the soil wet for a number of weeks will see much
faster degradation than patterns of high intensity rainfall followed by prolonged
periods of dry soil conditions



extended dry periods can significantly increase the expected half‐life of
herbicides in the soil

microbial populations are lower at depth, where access to organic matter, nutrients,
temperature and moisture are often lower. For mobile herbicides that move down the
soil profile, the speed of microbial decomposition may be slower at depth, which can
result in satisfactory establishment of a following crop, however symptoms may
develop when the roots get down to residual herbicide layer.



the amount of herbicide applied i.e. a higher application rate will take longer to break down to a
‘safe’ level



herbicide binding characteristics
o

herbicides that bind tightly to the organic matter and soil are often slower to breakdown
via either microbial or chemical degradation. A herbicides strength of binding to clay or
organic matter is reflected by the binding equilibrium coefficient (Koc) for that herbicide.
The Koc is the ratio of herbicide adsorbed onto the organic matter and soil, compared to
the amount present in soil water. A product with a very high Koc is very tightly bound,
while a product with a low Koc is more available in the soil moisture and hence more
available for plant uptake, movement and exposure to degradation processes.

o

soil pH affects the imidazolinone herbicides, which bind far more strongly at lower pH
and are thus less available for microbial degradation, so they persist longer at low pH,
than at neutral or alkaline pH levels.
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herbicide solubility
o

products that are highly water soluble will be easily incorporated by rainfall and will
move with the soil moisture.


highly soluble herbicides are often more easily taken up by the plant, and hence
may be more prone to causing crop injury after application



herbicides with higher solubility and low binding often leach through the profile
and this can often be a major pathway for herbicide loss.

Table 1. Average adsorption coefficients for selected pre‐emergent herbicides*
Herbicide (example)
pendimethalin (Stomp®)

17 581

trifluralin (Treflan®)

15 800

tri‐allate (Avadex®)
diflufenican (Brodal®)
prosulfocarb (Boxer® Goldp)
diuron (various)
terbuthylazine (Terbyne®)
dimethenamid‐P (Outlook®)
s‐metolachlor (Dual®)
isoxaflutole (Balance®)
imazapic (Flame®)
simazine (Gesatop®)
atrazine (Gesaprim®)
pyroxasulfone (Sakura®)
metribuzin (Sencor®)
triasulfuron (Logran®)
chlorsulfuron (Glean®)
picloram (Tordon®)
clopyralid (Lontrel®)

Average Koc value

3 034
1 622‐2 369
1367‐2340
813
230
218
200
145
137
130
100
95
60
60
40
13
5

Koc > 4 000
Non‐mobile.

Likely to bind
tightly to soil and
organic matter

Koc 500 to 4 000
Slightly mobile

Koc 75 to 500
Moderately
mobile
Likely to move with
soil water
Koc 15 to 75
Mobile
Koc 0 to 15
Very mobile

p

Boxer Gold also contains s‐metolachlor
*Source: The soil behaviour of pre‐emergent herbicides – a manual for Australian grains advisers,
GRDC 2014
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Table 2. Primary breakdown mechanisms and speed of breakdown for selected herbicides as
represented by the DT50.
Herbicide (example)
isoxaflutole (Balance®)
dimethenamid‐P
(Outlook®)
prosulfocarb (Boxer®
Goldp)
metribuzin (Sencor®)

Ave DT50
values (range)
1.3
7 (2‐16)
10 (7‐13)
14‐28

triasulfuron (Logran®)

19 (3‐48)

s‐metolachlor (Dual®)

21 (11‐31)

terbuthylazine (Terbyne®)

22 (10‐36)

pyroxasulfone (Sakura®)

22 (16‐26)

chlorsulfuron (Glean®)

36 (11‐70)

clopyralid (Lontrel®)

40 (12‐70)

tri‐allate (Avadex®)

46 (8‐205)

atrazine (Gesaprim®)

60 (6‐108)

diuron (various)

89 (20‐231)

simazine (Gesatop®)

90

picloram (Tordon®)

90 (20‐300)

pendimethalin (Stomp®)

90 (27‐186)

trifluralin (Treflan®)

170 (35‐375)

diflufenican (Brodal®)
imazapic (Flame®)

180
232 (31‐410)

Primary breakdown pathway(s) in the soil
Chemical hydrolysis and microbial degradation
Microbial
Microbial
Microbial
Hydrolysis is the primary pathway in neutral and
acidic soils. Slow microbial degradation is the
primary pathway in alkaline soils
Volatility generally low but photo degradation can
be high prior to incorporation. Microbial degradation
Hydrolysis is the primary pathway in neutral and
acidic soils. Slow microbial degradation is the
primary pathway in alkaline soils.
Microbial via cleavage of the methyl‐sulfone bridge
Hydrolysis is the primary pathway in neutral and
acidic soils. Slow microbial degradation and slow
hydrolysis are the primary pathways in alkaline soils
Leaching can be significant.
Microbial degradation, fastest in warm, moist soils
Volatilisation and microbial
Hydrolysis is the primary pathway in neutral and
acidic soils. Slow microbial degradation is the
primary pathway in alkaline soils.
Volatilisation and photo degradation losses are
typically low, but can be significant under hot and
dry conditions if not incorporated. Slow microbial
degradation in the soil.
Hydrolysis is the primary pathway in neutral and
acidic soils. Slow microbial degradation is the
primary pathway in alkaline soils.
Photolysis and leaching can be significant.
Slow microbial degradation. Fastest under warm
moist conditions.
Subject to photo degradation and volatility loss if not
incorporated. Slow microbial degradation in the soil,
rapid under waterlogged conditions.
Binds tightly to soil. Metabolic degradation is slow.
Slow microbial degradation. Binding increases in
acidic soils which increases persistence.

DT50 0‐30 = relatively non persistent, DT50 30‐100 = moderately persistent, DT50 >100 = persistent
p

Boxer Gold also contains s‐metolachlor
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*Source: The soil behaviour of pre‐emergent herbicides – a manual for Australian grains advisers,
GRDC 2014
As already stated, safe re‐cropping intervals are often more reliant on the period of time that soil is
wet for (to sustain a microbial population in the case of herbicides broken down by microbes, or to
support the chemical process for herbicides broken down by hydrolysis), rather than the total
amount of rainfall received during the re‐crop interval.
Recommendations on product labels reflect expected safe re‐crop intervals based on trials
conducted over a range of climatic experiences. It is however entirely unrealistic to expect that any
set of field trials, no matter how extensive and will reflect the full range of soil and environmental
conditions that can be experienced over time and across geographies.
The New South Wales DPI publications ‘Weed control in winter crops’ and ‘Weed control in summer
crops’ provide detailed plant back tables for most herbicides used in New South Wales. Product
labels are the primary source of information and should be read prior to herbicide use.
In situations where growers are concerned that soil residuals may still be present, the safest option
is to plant a crop or varietal type with tolerance to the herbicide in question.
Soil tests are rarely used as they are highly specialist in nature, there is limited experience to help
interpret test results if some herbicide is detected and they are costly to undertake. If soil tests are
to be used, then it is also essential to consider where the herbicide is expected to be in the profile,
to ensure that soil samples are taken from the right depths. For example, if only the 0‐5cm zone is
tested and was to reveal no herbicide residue, it is still possible to have herbicide residues remaining
at depth which can be picked up by the roots of a subsequent crop later in the season.
Paddock bioassays with ‘canary’ species (a canary species is a highly sensitive species to that
herbicide), can provide some insight, however they can give inaccurate feedback on the likely level
of crop safety. An example here would be with the imidazolinones or sulphonylureas. These
products at sub lethal dose rates do not stop emergence from occurring. Affected plants often
emerge and appear as if they have escaped the herbicide effect, only to later show significant
suppression and stunting (often called the green skeleton effect). Without a valid comparison and
the ability to allow plants to grow for an extended period of time, such tests can give a false sense of
security and should be used with caution.
For herbicides that are tightly bound to the soil surface, aggressive cultivation prior to sowing is
recommended on the label of some herbicides. This may dilute remaining herbicide in the soil
profile, resulting in improved crop establishment. This process is not without risk.
Where herbicide residue may remain in the soil, avoid the use of herbicides from the same mode of
action group in following crops. It is not uncommon to see a herbicide stress acting on top of an
existing herbicide stress to make a potentially damaging residual situation worse. An example of this
would be a crop of a non‐Clearfield variety of wheat sown into a paddock where an inadequate level
of rainfall had occurred to breakdown an imidazolinone residue. Imidazolinones are group B (ALS
inhibitor) herbicides. If a another group B ALS inhibitor herbicide such as a sulphonylurea was
applied to a wheat crop that was already affected by and trying to cope with an imidazolinone
residual, this could be enough to tip it over the edge and result in significant crop damage. The
ability of the wheat crop to survive sulphonylurea herbicides is based on its ability to detoxify the
herbicide via metabolic processes. If crop metabolism is already slowed as it is dealing with a dose of
another herbicide from the same herbicide mode of action group, this could turn a low‐level damage
incident into a far higher one.
Good agronomic practice that promotes early crop health and vigour can assist in overcoming some
low‐level marginal damage. While any level of herbicide damage or setback to a young crop may
potentially lead to a yield loss or change in phenology, and should thus be avoided, it should be
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noted that it is not uncommon for crops suffering from low‐level herbicide damage in the early
vegetative phases of growth, to compensate and yield well despite their early setback. Growers
relying on the crops ability to compensate and grow out of early damage are however taking a
significant risk.
Further reading
The soil behaviour of pre‐emergent herbicides ‐ a reference manual for Australian grains advisers.
Grains Research and Development Corporation, 2014. This manual can be found at
http://www.grdc.com.au/SoilBehaviourPreEmergentHerbicides
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