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Changes in disease profiles following adoption of CA
Importance of key wheat pathogens in Australia
The economic importance of wheat diseases in Australia was estimated in 1988 (Brennan and Murray
1989), 1998 (Brennan and Murray 1998) and 2008 (Murray and Brennan 2009). The value of wheat
and area sown has changed over time, but the expression of yield losses as a percentage of the
production enables comparisons between surveys (Table 1). Estimates were made for the northern
(central and northern NSW plus Qld), southern (southern NSW, Victoria and SA) and western (WA)
grain growing regions of Australia. Five key diseases, reported to increase in prevalence with the
adoption of CA, have all steadily risen in their importance across all three regions (Table 1). The cereal
root disease Take-all (Gaeumannomyces tritici) has generally declined in estimated importance over
time. This may reflect the intensification of cropping over this period which has seen a reduction in the
area of annual grass-legume pastures. The grass component in ley pastures is known to significantly
contribute to elevated levels of take-all in following cereal crops as they serve as an alternate host for
the causal pathogen (MacLeod et al. 1993).
Table 1. Average potential annual yield loss (%) of key wheat diseases estimated in 1988, 1998 and 2008 by
cropping region
Northern
Disease
Yellow spot
Crown rot
Rhizoctonia
RLN PtA
RLN PnB
Take-all
A

1988
3.3
3.0
0.2
2.8
0.0
0.8

1998
2.0
13.0
0.1
12.3
1.0
0.6

Southern
2008
19.0
22.2
0.0
11.6
2.4
0.0

1988
1.0
0.4
3.7
0.0
0.0
9.5

1998
1.6
6.6
4.7
0.9
2.8
13.6

Western
2008
3.9
10.5
4.1
2.4
5.6
3.6

1988
5.0
0.1
0.5
0.0
0.0
10.0

1998
9.3
0.3
1.4
0.0
0.3
3.0

2008
12.9
1.5
4.5
0.6
7.8
1.4

RLN = root lesion nematode Pratylenchus thornei, BP. neglectus

Consistent with the trends presented in Chapter 2, Ugalde et al. (2007) explored changes in tillage and
stubble management practices used by Australian cereal producers between 1995 and 2000. They
showed that some form of aggressive tillage was common across nearly all Australian farming systems
and regions in 1995, consisting of one, two or multiple cultivations and that there were only isolated
pockets of NT or RT in each grain-growing region. However, over the next five years there were
substantial shifts in land management with a significant increase in the adoption of conservative tillage
practices. The shift was particularly noticeable in the western region where by 2005 more than 85% of
the total cropped land was subject to no-till (NT) cropping practice (see Chapter 2).
The changes in tillage practices affected management of cereal stubble. The areas where stubble was
incorporated decreased greatly between 1995 and 2000, especially in the northern and southern regions
(Ugalde et al. 2007). In many parts of the southern region, incorporation was replaced by burning; in
the northern and western regions there was a greater tendency to leave the stubble intact.
Changes in practices associated with adoption of CA between 1995 and 2000 are most likely to be key
drivers in the prevalence of stubble-borne diseases of wheat between 1998 and 2008 (Table 1). Yellow
leaf spot (Pyrenophora tritici-repentis) increased significantly over this period in the northern and
western regions, but stubble burning in the southern region is likely to have limited infections. Crown
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rot (Fusarium pseudograminearum) increased significantly in importance between 1998 and 2008, but
this was not reflected in the western region (Table 1), even though it had the most adoption of CA
(Ugalde et al. 2007). This highlights a potential weakness in the approach used by Murray and Brennan
(2009) which is based on subjective estimates of incidence, severity and yield loss caused by wheat
pathogens by only a limited number (18) of expert pathologists. Differences in the knowledge and
awareness of the importance of specific diseases may exist between pathologists which may not reflect
the actual disease incidence in a region.
The incidence of crown rot in cereal crops was objectively measured through laboratory plating of 1774
stubble samples collected at harvest across grain-growing regions between 2014-2017. High infection
levels (>26%) occurred in 31%, 21% and 15% of paddocks in the northern, western and southern
regions respectively (Simpfendorfer, unpublished). This indicates that the importance of crown rot
(Murray and Brennan 2009), particularly in the western region, are probably underestimated. Future
estimates of the economic importance of crop diseases in Australia would benefit from objective and
quantitative data of disease incidence and severity.

Disease incidence in CA systems in Australia
Significant changes in the prevalence of specific plant pathogens are often observed following the
adoption of CA. The increased retention of plant residues provides stubble-borne pathogens with an
extended opportunity to survive between crops when host plants are absent during both fallow periods
and rotations with non-host species (Bockus and Shroyer 1998). Some stubble-borne pathogens can
survive multiple years in crop residues. For example, Fusarium pseudograminearum (Fp), the primary
cause of crown rot (CR) in cereals, survives as mycelium for up to three years in infected cereal residues
(Summerell and Burgess 1988), and Bipolaris sorokiniana (Bs), the cause of common root rot (CRR)
in cereals, survives on wheat residues at the soil surface for at least two years (Duczek et al. 1999). In
CT systems, the burial and increased rate of decomposition of crop residues reduces the survival of
stubble-borne pathogens (Bockus and Shroyer 1998). Reduced soil disturbance, increased soil moisture
and lowering of soil temperatures can also create a more favourable soil environment for many plant
pathogens and encourage disease persistence (Bockus and Shroyer 1998). Under favourable climate and
soil conditions, CA can increase the prevalence of some diseases and deleterious rhizobacteria
(Simpfendorfer et al. 2002) while other diseases decrease in the prevalence (Table 2).
Interpretation of disease effects can be complicated by the differential effect of tillage and stubble
retention practices on pathogen levels and disease expression. For instance, under a NT system, the
incidence of CR (Fp) was significantly higher where stubble was retained (32.2%) than where it was
removed (4.7%) but under disc tillage, there was no significant difference in disease level between
stubble treatments (12-17%) (Wildermuth et al. 1997). However, the expression of whiteheads caused
by CR was lowest in the NT plots (4.3%) and highest in the RT (19.3%) and CT (disc) (12.2%) stubbleretained treatments. Available soil water (depth of 1.2 m) at sowing and anthesis was highest in the NT
plots and lowest in the CT (disc) plots. Moisture stress around anthesis exacerbates the effect of Fp
necrosis on the vascular system of cereal plants which led to the expression of conspicuous whiteheads
(Beddis and Burgess 1992). So, although CA systems can increase the incidence of CR infection, they
also favour greater water retention in the soil profile which can reduce plant stress during anthesis and
consequently decrease the expression of whiteheads associated with CR infection.

Indirect impacts of CA on plant diseases
Reduced spread of disease The retention of cereal stubble reduces the incidence of some diseases during
the pulse phase of crop rotations. Infection of lupin leaves with brown leaf spot (Pleiochaeta setosa) in
Western Australia was reduced when cereal stubble mulch was retained, compared with stubble removal
(Sweetingham et al. 1993). The authors proposed that the retention of cereal mulch limited the rain
splash of soil-borne P. setosa spores into the upper canopy of the lupin crop. The benefit of cereal
stubble retention in reducing brown leaf spot in lupins was supported by observations in southern NSW
(Simpfendorfer et al. 2004).
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Table 2. Examples of crop diseases that increase and decrease with CA in Australia
Crop

Disease and causal organism

Cereal

Rhizoctonia root rot (Rhizoctonia solani)

Canola
Pulse

Cereal
Pulse

Selected references
Diseases that increase with CA

de Boer and Kollmorgen (1988), Roget et al. (1996)
Dodman and Wildermuth (1989), Wildermuth et al.
Crown rot (CR; Fusarium spp.)
(1997)
Yellow spot (Pyrenophora tritici-repentis)
Summerell and Burgess (1989), Bhathal et al. (2003)
Take-all (Gaeumannomyces graminis var. tritici, Ggt)
Pankhurst et al. (1995a); Roget et al. (1996),
Eyespot (Oculimacula yullandae)
de Boer et al. (1993), Murray et al. (1991)
Pythium root rot (Pythium spp.)
Pankhurst et al. (1995b)
Septoria tritici blotch (Zymoseptoria tritici)
Goodwin (2007)
Root lesion nematodes (RLN; Pratylenchus spp.)
Rahman et al. (2007); Thompson et al. (2008)
Net blotch (Pyrenophora teres)
Lehmensiek et al. (2007)
Septoria nodorum blotch (Parastagonospora nodorum) Bhathal et al. (2003)
Blackleg (Leptosphaeria maculans)
Barbetti and Khangura (1999), West et al. (2001)
Rhizoctonia bare-patch (Rhizoctonia solani)
Sweetingham (1986)
Ascochyta blight (Ascochyta spp.)
Davidson et al. (2007)
Disease that decrease with CA
Cereal cyst nematode (CCN; Heterodera avenae)
Rovira 1990, Vanstone et al. (2008)
Common root rot (CRR; Bipolaris sorokiniana)
Wildermuth et al. (1997), de Boer et al. (1991)
Sclerotinia stem rot (Sclerotinia sclerotiorum)
Simpfendorfer et al. (2004)
Brown leaf spot (Pleiochaeta setosa)
Sweetingham et al. (1993), Simpfendorfer et al.
(2004)

Virus incidence in pulse crops also can be reduced by the retention of cereal stubble in CA systems.
The final incidence of cucumber mosaic virus (CMV) in narrow-leafed lupins was reduced 25-40% in
seven field experiments where cereal stubble was spread on the soil surface (Bwye et al. 1999). Interrow planting into standing wheat stubble halved the incidence of beet western yellows virus (BWYV)
in chickpea when compared to the same amount of stubble flattened on the soil surface (Moore et al.
2014). The mechanism for these differences is unclear but both CMV and BWYV are spread by aphid
vectors and aphid numbers were lower with retained stubble treatments in the lupin study (Bwye et al.
1999). Retained cereal stubble can deter the landing of migrant aphid vectors.
A similar association has been found with reduced incidence of barley yellow dwarf virus (BYDV) in
wheat and barley in the UK with CA practices. The combined effect of RT plus retention of cereal
stubble was shown to provide a 21% yield advantage over CT without stubble. The yield benefit was
associated with up to 48% reduction in aphid numbers and 71% decrease in the incidence of BYDV in
the RT treatment compared with CT (Kennedy et al. 2010).
Earlier sowing opportunities Retention of stubble on the soil surface under CA increases surface
moisture at sowing time, and allows an earlier and/or extended sowing window, particularly in dry
seasons. Earlier sowing can improve crop water use efficiency and increase wheat yield (Kirkegaard
and Hunt 2010) but can increase the incidence of some diseases. Earlier sowing tends to increase the
risk of BYDV (McKirdy and Jones 1997) and wheat streak mosaic virus (WSMV) in cereal crops
(Coutts et al. 2008) due to warmer temperatures in early autumn favouring activity of aphid or mite
vectors that transmits these viruses. Earlier planting can also increase levels of stripe rust (Puccinia
striformis) at early crop stages due to warmer temperatures in early autumn, favouring rust cycling
(Murray et al. 2005). Earlier sowing has also been shown to increase ascochyta blight in field peas
(McDonald and Peck 2009). However, with the exception of ascochyta blight in field peas, delayed
sowing is not generally recommended to reduce risk from these pathogens as the yield penalty
associated with later sowing has been shown to generally outweigh the yield benefit from decreased
disease severity and growers have options for disease control in early-sown crops.
Deeper planting to access stored soil moisture at sowing Crop yields in the northern region are
generally more reliant on stored soil water than in other regions due to the predominance of higher clay
content soils with increased plant available water holding capacity and a summer dominant rainfall
pattern. However, dry conditions in autumn can limit planting opportunities so growers are often forced
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to increase sowing depths with cereals and chickpeas to access deeper soil moisture to establish crops
earlier in the planting window. Deeper sowing lengthens the sub-crown internode in cereals which
increases susceptibility to CRR (Duczek and Piening 1982). Soil temperatures greater than 20-30°C
favour Bs infection with yield losses between 7 and 24% reported from CRR in bread wheat
(Wildermuth et al. 1992). The trend to deeper and earlier sowing of cereals into warmer soils is
associated with an increased prevalence of CRR across Australia, especially in the northern region.
Bipoloris sorokiniana was recovered from 52%, 31% and 29% of 1774 cereal crops surveyed in the
northern, western and the southern region respectively between 2014 and 2018. Medium to high (>11%)
infection levels occurred in 13%, 8% and 5% of paddocks in the northern, western and southern region
respectively (Simpfendorfer, unpublished). Consideration of integrated management options for CRR
appears to be an increasing priority for Australian cereal growers. Importance is heightened by potential
interaction between Bs and other soil- or stubble-borne diseases such as CR which can exacerbate yield
loss (Simpfendorfer 2016a).

New management approaches for crop disease control in CA systems
Although the adoption of CA is associated with an increased incidence of some diseases, Australian
researchers have been developing a range of innovative strategies to assist growers to minimise losses.
These include pre-plant testing to determine levels of pathogen risk, technology and engineering
innovations at sowing, breeding tolerant varieties and improving fungicide efficacy. Novel approaches,
such as the potential of microwave radiation to reduce the survival of stubble-borne pathogens, are also
currently being explored in Australia.

Value of PREDICTA® B to determine disease risk prior to sowing
A quantitative DNA-based soil testing service, PREDICTA® B, is available in Australia to assist grain
growers to predict the likely risk of soil-borne diseases by measuring pathogen levels prior to planting.
Growers have the option of changing cultivars or modifying cropping programs in situations where
the risk of crop loss is high. The service was launched in 1997 with the initial focus on soil-borne
pathogens of wheat and barley. Since then the range of pathogens covered has grown steadily and has
expanded to include stubble-borne pathogens and cover a broader range of crops including pulses and
oilseeds (Ophel-Keller et al. 2008). PREDICTA B has provided growers with a transformational
change in their ability to quantify the risk of various diseases within their farming systems.
The key advantage of these DNA based assays is their ability to quantify a broad range of soil- and
stubble-borne pathogens affecting cereals and pulses in a single soil sample. PREDICTA B results
compiled and mapped to the nearest town highlight higher risk cropping areas for different diseases
prior to sowing, and this can be used to inform industry (Figure 1).

Figure 1. Distribution and levels of Fusarium spp. associated with causing crown rot (left) and Rhizoctonia solani
(AG8; right) detected by PREDICTA B in grower paddocks and NVT sites prior to seeding 2014-2018 (N.B. the
size of each pie chart is proportional to the number of samples mapped to the town and the numbers of low,
medium and high disease risk samples are presented as green, orange and red sectors, respectively)
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PREDICTA B results indicated that CR (Figure 1, left) is the most important soil/stubble-borne disease
nationally, followed by root lesion nematodes. However, rhizoctonia root rot (Figure 1, right) and takeall also pose significant risks and other less common diseases may be important locally. A
comprehensive range of maps is available at
http://pir.sa.gov.au/research/services/molecular_diagnostics/predicta_b.
Over time these results reveal the effects of changing cropping practices on pathogen levels. For
example, the dramatic impact of the adoption of cereal cyst nematode (CCN) resistant cereal varieties
and rotation with non-host crops on CCN soil levels is evident between 2002 and 2018 (Figure 2).

Figure 2. Distribution and levels of cereal cyst nematode detected by PREDICTA B in grower paddocks prior to
seeding in 2002 (left) and 2018 (right)

The continued inclusion of new tests within the PREDICTA B system is valuable to determine the
changing distribution, epidemiology and importance of a wide range of pathogens associated with the
new CA practices across Australia. Use of PREDICTA B by growers and researchers has raised
awareness of the risks posed by soil- and stubble-borne pathogens across regions. This technology is
also allowing researchers to examine the impact of cropping practices on multiple soil- and stubbleborne pathogens, research which was previously considered too complex. PREDICTA B is also
supporting development of improved management strategies to limit losses from diseases under CA.

Inter-row sowing and disease
The adoption of inter-row sowing using GPS guidance is a relatively recent innovation in CA in
Australia to improve stubble handling. Fp is a stubble-borne pathogen, so inoculum becomes
concentrated in the previous cereal rows with CA. Paddock surveys across 44 sites in the northern
region in 2005 reported an average 45% reduction in the incidence of Fp infection and 51% decrease
in the severity of CR with inter-row sowing (Simpfendorfer 2012). In replicated small plot experiments
inter-row sowing reduced Fp incidence and CR severity resulting in 27% fewer whiteheads and a 6%
yield benefit in bread wheat-durum wheat cycles over three seasons (Verrell et al. 2017).
The main value of inter-row sowing is that it reduces the rate of Fp inoculum build-up in a cereal/pulse
or oilseed crop sequence. This benefit is not evident in continuous cereal production because inoculum
survives too long in the inter-row spaces. Inter-row sowing is a useful component of an integrated
disease management system for CR when combined with rotation of non-host crops. In the northern
region, rotation of cereals with non-host oilseed and pulse crops reduced crown rot infection (by 3.441.3%) and increased wheat yield (by 0.24-0.89 t/ha) compared with a cereal-wheat rotation
(Kirkegaard et al. 2004). Further research combining crop sequencing with inter-row sowing, found
that using mustard-wheat and chickpea-wheat rotations increased wheat yield by 40-44% compared
with continuous wheat with a further 11-16% yield benefit from inter-row sowing, depending on the
row placement sequences (Verrell 2014).
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A combined crop sequence and row placement strategy is now recommended for CA in the northern
region. The strategy has two simple principles:



sow break crops (oilseed or pulse) between standing wheat rows which need to be kept intact;
and
sow the following wheat crop directly over the row of the previous seasons break crop.

This ensures a four-year gap between wheat crops sown on the same row, resulting in decreased
incidence of CR in wheat and improved germination of the break crops.
Take-all, caused by Ggt, was less severe as the distance of seed placement to the inoculum source
increased (Kabbage and Bockus 2002). Mathematical modelling suggested that sowing parallel to and
between previous cereal rows would reduce yield loss to Ggt (Garrett et al. 2004). Field experiments in
South Australia confirmed that inter-row sowing improved yield in the presence of take-all (McCallum
2007). In summary, inter-row sowing, using precision row placement can limit the impact of pathogens
such as Fp and Ggt with CA where inoculum is predominantly confined to the previous cereal rows.

Impact of seeding equipment on soil-borne diseases
It is well established that different soil openers (tynes or discs) used when sowing crops have a
significant influence on the severity of rhizoctonia root rot (Rovira 1990). Disturbance below seeding
depth using knife-points disrupts the hyphal network of rhizoctonia in the soil surface, assisting crop
roots to escape early infection and reduce disease impact. Rhizoctoniarisk is generally considered
greater when sowing using single disc seeders than knife-points. Preliminary studies in South Australia
in 2015 examined the potential of a specifically engineered ‘sweep’ (Figure 3b) mounted in-front of a
single disc to excavate the top 2-3 cm of soil, where rhizoctonia inoculum was concentrated, away from
the seeding row. The crop established well with no signs of bare-patches, although rhizoctonia
recovered by mid-winter to cause severe disease on the crown roots (P. Bogacki pers. comm.).
In a CR infested site, planting using a tyne resulted in better plant establishment, higher tiller density
and improved grain yield compared with a disc opener (Verrell et al. 2017). This yield advantage was
considered to be due to the ‘excavating’ effect of the tyne, removing Fp inoculum from the seed furrow.
Moving cereal stubble away from the sown row using a row cleaner in front of a single disc (Figure 3a)
also reduced the incidence of Fp (by 3.7%) and whiteheads (by 13.6%) but did not increase yield
(Verrell et al. 2017).

Improving the efficacy of fungicide strategies
Targeted fungicide application for crown rot CR infection is concentrated below ground and at the
base of infected tillers which is likely to limit the activity of foliar fungicide applications. Simpfendorfer
et al. (2014) showed that across 22 field sites in northern NSW in 2013/14, targeted fungicide
application at the base of tillers using inter-row droppers with angled nozzles (Figure 4a) provided an
average 5 % yield benefit (0.19 t/ha) in the absence of CR inoculation and a 15 % (0.37 t/ha) yield
benefit in the CR inoculated treatment. However, the average level of benefit remained 0.98 t/ha less
than uninoculated control plots. Normal foliar fungicide application 50 cm above the crop canopy did
not provide any yield benefit. Targeting the in-crop application of fungicides at the base of infected
wheat plants provided a minor (5-15 %) yield improvement but may be a useful addition to an integrated
control strategy to manage CR.
Liquid banding of fungicide for Rhizoctonia Rhizoctonia is still a major constraint to cereal production
in low to medium rainfall districts in the southern and western regions of Australia (Figure 1). Improved
integrated management including early sowing, grass free canola, pulse and pastures (Gupta et al. 2012),
knife point seeding systems and fungicides has reduced the impact of rhizoctonia root rot. These
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a

b

Figure 3. Row cleaner used to move cereal stubble away from sowing row (a); sweep used to shift surface soil
and stubble out of planting row (b);

a

b

c

Figure 4. Inter-row droppers used to target fungicide application at the base of wheat tillers to improve in-crop
control of crown rot (a); liquid application system used to apply fungicide above (b) and below the seed (c) at
sowing to manage Rhizoctonia root rot (photos: Jack Desbiolles, Uni SA)

changes in agronomy have resulted in a significant shift in the symptomology of rhizoctonia root rot
from ‘bare patches’ due to seedling infection to development of uneven growth in mid-winter due to
infection of crown roots when soil temperatures drop to <10°C. Infection can then continue to develop
on the root system until the crop matures, and can spread to the seminal root system, limiting water
uptake in periods of high evapotranspiration.
Several fungicide seed treatments are registered in Australia for the control of rhizoctonia in cereal
crops. However, extensive field evaluation in the southern and western region found that on average
seed treatments only provided an average 5% (0 to 18%) yield benefit in wheat and barley (McKay et
al. 2014). Rainfall post sowing is needed to move fungicide applied to seeds into the root zone with
roots growing outside the fungicide zone being unprotected.
The fungicides azoxystrobin + metalxyl-m (Uniform®, Syngenta) and penflufen (EverGol Prime®,
Bayer CropScience) have recently been registered for liquid streaming to control rhizoctonia. Twentyone fungicide efficacy trials comparing seed treatments with liquid streaming in either barley or wheat
were conducted in SA and WA from 2011-2013. These experiments found that application via dual
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banding, in-furrow 3-4 cm below the seed (Figure 4b) and on the surface behind the press wheel (Figure
4c), provided the most consistent yield (0.20 to 0.53 t/ha in wheat and 0.37 to 0.87 t/ha in barley) and
root health benefits across seasons (McKay et al. 2014).
Liquid streaming fungicides is a significant development in the control of rhizoctonia root rot in CA
and provides several benefits compared with applying fungicides as seed or fertiliser treatments. These
benefits include a greater capacity to target placement to improve protection of both the crown and
seminal root systems from rhizoctonia root rot, greater flexibility to vary fungicide application rate and
to target areas of the paddock that will provide the greatest return on investment, and the ability to not
apply fungicides to areas where run-off may contaminate water courses. The decision to apply
fungicides to a specific paddock can be delayed until seeding which eliminates the risk of contaminating
trucks and augers that will be used later in the season to transport grain. An additional expense is
required with liquid systems which can be a barrier to adoption. However, due to flexibility in liquids
which can be applied this has seen more rapid adoption in the western than the southern region where
these systems were already being used for nutrient application.
Newer modes of action Fungicide management of foliar diseases in Australia has traditionally been
based on the use of demethylation inhibitor (DMI, Group 3) triazole fungicides. However, evolving
issues with the development of fungicide resistance to DMIs in Australia and availability of new modes
of action including quinone outside inhibitors (Qol or strobilurins, Group 11) and succinate
dehydrogenase inhibitors (SDHI, Group 7) has driven a re-evaluation of fungicide management
strategies.
Spot-form of net blotch (SFNB), caused by the fungus Pyrenophora teres f. maculata, is a common
foliar disease of barley across Australia due to the widespread cultivation of susceptible varieties,
stubble retention and favourable climatic conditions (McLean et al. 2009). The SDHI seed treatment,
fluxapyroxad (Systiva®, BASF) was registered in Australia for the control of a range of fungal diseases
in barley, including SFNB, in 2015. In two field experiments conducted in the northern region in 2016,
Systiva® was found to have similar efficacy as a first node (GS31) application of foliar fungicides when
both strategies were backed up by a second foliar fungicide application at awn peep (GS49)
(Simpfendorfer and Street 2017). Systiva® provided useful levels of SFNB suppression post GS49
under moderate disease pressure at Tamworth but activity waned by this growth stage under higher
disease pressure at Dubbo in 2016. Foliar application of bixafen + prothioconazole (SDHI + DMI;
Aviator® Xpro®, Bayer CropScience) was also included in this study and provided improved control
of SFNB and reduced yield loss compared with azoxystrobin + cyproconazole (Qol + DMI, Amistar
Xtra® Syngenta) which was then better than propiconazole (DMI, Tilt®250 Syngenta) in these
experiments (Simpfendorfer and Street 2017). Similar findings on the value of Systiva® for early
control of SFNB in barley have been produced in the southern region (McLean and Hollaway 2015).
Recent Australian studies have also found that the inclusion of these newer Qol or SDHI actives in
fungicide management strategies has improved the control of yellow spot and septoria tritici blotch in
wheat along with net-blotch (both net-form and SFNB), scald and powdery mildew in barley (Poole
and Wylie 2017), blackleg in canola (Horbury 2016) and ascochyta blight in chickpeas (K Moore, pers.
comm.) compared with existing DMI only standards.
Disease forecasting models Disease forecasting models can assist in determining the risk of disease
occurrence as well as the probability that the intensity of the infection will increase (Campbell and
Madden 1990). Reliable and timely crop disease forecasts can assist growers to manage disease
especially by guiding appropriate and/or timely application of fungicides. Disease forecasts can prevent
or reduce the unnecessary application of fungicides in seasons when climatic conditions are not
conducive to pathogen development or infection.
In Australia, this has been well demonstrated through the development and application of the ‘Blackspot
Manager‘ model in the management of ascochyta blight in field peas in the Western Australia, South
Australia, Victoria and southern NSW (Galloway 2018). Blackspot Manager calculates when the
majority of spores (~60%) have been released from field pea stubble and the risk of infection is reduced
180

to low levels. Growers can then decide to delay sowing field peas until their region is designated as
having low disease risk or, if sowing when risk is high, they can plan a foliar fungicide program to
reduce the severity of Ascochyta blight.
A similar model to predict the maturity of Leptosphaeria maculans ascospores on canola residues from
previous crops based on weather conditions has been developed in Western Australia (Pratt and Salam
2018). The model aims to improve blackleg management in canola, including fungicide timing, and
was released for use by growers in both western and eastern Australia in 2018. Further disease
forecasting models are currently under development in Australia for yellow spot (Pyrenophora triticirepentis) in wheat crops and sclerotinia stem rot (Sclerotinia sclerotiorum) in canola.

Breeding for tolerance to soil- and stubble-borne diseases
A tolerant cultivar is defined as one that loses significantly less yield or quality compared with other
cultivars, when exposed to an equivalent level of pathogen burden (van den Berg et al. 2017). Tolerance
in wheat to the root lesion nematode Pratylenchus thornei (Pt) was first identified in 1984 with an ongoing breeding and selection program in Australia (Thompson et al. 2008). Nationally, the adoption of
wheat varieties with moderate or higher levels of tolerance to Pt has risen from 24% in 2010 to 62% in
2016 (Murray and Brennan, unpublished data). This has significantly reduced yield losses, especially
in the northern region where this plant pathogenic nematode is endemic, and highlights the potential
value of this approach to limit the impact of soil-borne pathogens which increase in CA systems.
No major genes for CR resistance exist (Liu and Ogbannaya 2015). However, wheat varieties differ in
both their levels of tolerance and resistance to CR; these are separate mechanisms both of which can
reduce the extent of yield loss (Forknall et al. 2019). Recent research has established the relative
‘tolerance’ of different bread wheat, barley and durum varieties to CR in Victoria and SA (Evans and
Hollaway 2017), WA (Hüberli et al. 2017), southern NSW (Milgate and Baxter 2018), central/northern
NSW and southern Qld (Simpfendorfer et al. 2016b). Growers can adopt cereal varieties with improved
yield performance in the presence of CR infection as proven in their region to minimise losses. In a
relatively short period of time the yield benefit of switching between wheat varieties in the presence of
CR infection has risen from 5-10% in 2007 (Daniel and Simpfendorfer 2008) to 20-40% in 2015
(Simpfendorfer 2016b).
A key limitation to resistance and tolerance breeding for CR remains a lack of research and knowledge
of the genetic basis of the mechanisms which confer tolerance. An understanding is required of the
underlying mechanism(s) which confer improved tolerance (e.g. resistance to the pathogen, root
architecture, heat stress tolerance, tolerance of abiotic factors such as salinity or sodicity) to refine
further and target breeding efforts. Heat tolerance traits such as waxy leaves and leaf rolling have been
reported to enhance the water use efficiency of wheat crops (Richards et al. 2010) which may also
reduce the expression of CR.
Breeding for desirable root architectural traits, such as narrow root angle and high root number
(Manschadi et al. 2006), which improve access to stored moisture deep in the soil, may also reduce the
impact of CR under terminal drought conditions which are frequently experienced in the northern region
of Australia. However, in environments with shallow soils where the crop relies on sporadic rainfall inseason (e.g. western and southern regions), a wider root growth habit and shallow root system may be
preferable to maximise soil water uptake (Alahmad et al. 2018).
Selection for tolerance may be a better strategy to improve yield and raise the pathogen threshold before
losses occur where major genes for disease resistance are not available. Priority diseases for improving
crop tolerance under CA include rhizoctonia root rot and take-all in cereals as well as root lesion
nematodes (Pratylenchus spp.) in pulses and oilseeds, which can be exposed to high populations when
grown following susceptible wheat cultivars. Preliminary research has been conducted on the value of
more rapid root replacement in chickpea cultivars to improve tolerance to phytophthora root rot (S
Bithell pers. comm.).
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Microwave radiation – a novel approach to manage stubble-borne pathogens
New microwave field applicator prototypes are being developed in Australia for the control of weeds
in paddocks (Brodie et al. 2015). Microwave radiation may also offer a rapid and chemical-free
approach to reduce the survival of stubble-borne pathogens in crop residues and allow them to remain
intact. Preliminary laboratory research has demonstrated that microwave radiation is an effective
method for significantly reducing the survival of Fp in durum wheat stubble (Petronaitis et al. 2018).
To date, the practical adoption of microwave radiation to control soil- and stubble-borne pathogens
within paddocks has largely been limited by the availability of suitable large-scale equipment. More
research is required, including consideration of alternate radiation sources such as infrared, before such
technology can be used to manage stubble-borne pathogens under field conditions.

Challenges to reduce disease risk in CA systems
There are several inherent challenges associated with managing crop diseases under CA systems. These
include likely impacts of future climate change predictions, issues around weeds and crop
intensification and the continuing evolution of pathogen populations.

Climate change
It is widely acknowledged that the increased adoption of CA systems will be critical in growers adapting
to future climate change scenarios including increased temperatures, elevated CO2, greater variability
in rainfall and increased frequency of droughts. Crop production will become more reliant on the stored
soil water benefits associated with adoption of CA to buffer against these climatic changes. The
potential impact of climate change on a wide range of crop diseases has been modelled in various studies
as reviewed by Luck et al. (2011). This review concluded that the importance of necrotrophic wheat
diseases such as yellow spot, septoria tritici blotch and septoria nodorum blotch in wheat are likely to
decrease with climate change.
Crown rot infection in cereal crops is predicted to increase in significance with climate change.
Increasing atmospheric CO2 concentration has been shown to directly increase the production of Fp
biomass in wheat tissue (Melloy et al. 2010). The production and survival of CR inoculum in retained
stubble is predicted to increase as a consequence. Furthermore, reduced reliability of rainfall and
elevated temperatures, especially during grain filling, are further likely to increase the severity and yield
loss from CR. It has even been suggested that CR would be a good indicator of global climate change
(Moya-Elizondo 2013).
Changes in rainfall patterns and increased frequency of droughts are further likely to increase the
longevity of stubble-borne pathogens in CA systems by reducing the rate of residue decomposition.
These conditions are also likely to alter the rate of spore maturity and release from residues over time
with necrotrophic stubble-borne pathogens such as Pyrenophora spp., Septoria spp. and Ascochyta spp.
which may alter the timing of currently recommended management strategies.

Weeds as alternate hosts for plant pathogens
CA systems rely on herbicides to replace cultivation for the control of weeds. This has led to the
evolution of herbicide resistant weeds across Australian cropping areas (see Chapter 10). Resistance to
glyphosate alone, the main herbicide which has underpinned the adoption of NT globally, has been
recorded in ten grass weed species and seven broadleaf species in Australia (Preston 2019). Many of
these weeds are alternate hosts of different crop pathogens which can undermine recommended disease
management strategies. The impact of weeds on disease can be two-fold in some instances, such as with
grass weeds and CR. The reported hosts of Fp include 15 grass species including ryegrass, black oats
and barley grass (Alahmad et al. 2018) which can be important sources of inoculum especially during
break crop periods. These weeds can further reduce stored soil water levels during fallow periods and/or
provide in-crop competition with cereal plants for moisture which can increase stress during grainfilling and exacerbate the expression of whiteheads in CR infected tillers (Alahmad et al. 2018).
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Furthermore, some herbicides have been shown to increase the severity of disease such as the presowing application of sulphonylurea with rhizoctonia root rot (Rovira 1990).

Increased cropping intensification
The adoption of CA facilitates the intensification of cropping often with the removal of longer pasture
ley phases. This can increase disease incidence by reducing the time for inoculum levels to decline
between susceptible crop species. However, even when rotations are implemented the shared host range
of some pathogens can still result in increased disease incidence. For instance, bread wheat, durum
wheat, barley, sorghum and maize are all hosts of Fusarium graminearum and when grown in close
rotation increase the risk of fusarium head blight (FHB), especially in durum wheat which is very
susceptible (Obanor et al. 2013). Sclerotinia sclerotiorum has an even wider host range including winter
pulse crops (chickpea, lentils, lupins and faba beans), winter oilseeds (canola) and summer broad leaf
crops (sunflowers, mungbeans, soybean and cotton). These limit rotation options, especially with the
increasing intensification of high value pulse crops such as chickpeas and lentils in Australia. The
widespread adoption of wheat-chickpea-wheat rotations in the northern region supports Pt populations
while wheat-canola-wheat rotations in the southern and western regions will promote Pn populations
due to the growth of successive susceptible hosts to these different RLN species.
The increased intensification of canola and pulses in different regions further means that previous
recommendations around only growing these crops once every three years in the same paddock to limit
the incidence of disease are no longer practical. Buffer zones of around 500 m between current canola
or pulse crops with residues of these same species from the previous season are also recommended to
limit the development of fungal pathogens such as Ascochyta spp. and Leptosphaeria maculans which
have limited wind-borne dispersal. These recommendations were useful over a decade ago when these
industries were starting to develop in the different regions but have become impractical with the
increased intensification of canola and/or pulse production.

Fungicide resistance
Recent findings on the improved efficacy of Qol and SDHI based fungicides are promising for improved
disease management in Australian cereal and pulse crops, especially given that most of these diseases
are known to increase with the adoption of CA (Table 2). However, Qol fungicides are considered at
high risk of resistance evolution within fungal pathogens and the risk of resistance to SDHI fungicides
is considered medium to high (FRAC 2018). This is concerning given that DMI fungicides are only
considered to be at medium risk yet multiple instances of DMI fungicide resistance have been recorded
in Australia for a range of pathogens (Anon. 2016). To prolong the activity of Qol and SDHI fungicides
along with existing triazole products, they need to be used judiciously and in combination with other
management strategies. Australian growers are urged to use integrated disease management (IDM)
strategies to limit losses from crop diseases such as crop rotation, cultivar resistance, inoculum
monitoring and disease forecasting; with fungicides being only one component. IDM will reduce
disease pressure and the reliance on fungicides as the sole management tool but importantly also delays
the development of resistance to these valuable chemical options.

‘Breakdown’ of host resistance genes by fungal pathogens
Canola production is challenged by the fungal pathogen Leptosphaeria maculans having a high
evolutionary potential which means that extensive sowing of a cultivar in a region can lead to blackleg
resistance bred into a cultivar becoming ineffective within three years (Sprague et al. 2006). The ability
of L. maculans to evolve rapidly to ‘break down’ disease resistance bred into canola cultivars makes it
a high-risk pathogen within Australian cropping systems (Van de Wouw et al. 2014). Marcroft et al.
(2012) showed that rotating canola cultivars with different resistance genes minimised blackleg pressure
by manipulating L. maculans populations. Annual monitoring of avirulence allele frequencies in L.
maculans populations across Australia provides power to anticipate which cultivars will be most
successful in future growing seasons (Van de Wouw et al. 2017). Growers can rotate canola cultivars
from different blackleg resistance groups when required to reduce the severity of blackleg and
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prolonging effectiveness of resistance genes. Ultimately, this process has allowed the continued
expansion of canola production in Australia (Van de Wouw et al. 2017).
Pyrenophora teres f. teres (Ptt), the cause of net-form of net blotch (NFNB) in barley, is a highly
variable pathogen with thirteen different pathotypes identified in Australia (Platz et al. 2000). This is
challenging for the management of this stubble-borne pathogen. Sexual reproduction in Ptt means that
progeny of crosses that carry increased virulence to different resistance genes present in cultivars are
selected for overtime by the successive production of an individual barley variety. This has seen
increased severity of NFNB on the barley varieties, Commander and Shepherd, in the northern region
in recent years through their selection for previously rare Ptt pathotypes (Fowler and Platz 2017).
Conversely, the Australian Ascochyta rabiei (syn. Phoma rabiei) population, cause of ascochyta blight
in chickpeas, has low genotypic diversity with only one mating type detected to date. This potentially
precludes substantial genetic diversity through recombination which may result in the evolution of new
pathotypes of the pathogen (Mehmood et al. 2017). However, isolates of A. rabiei which cause
increased disease severity on widely adopted ‘resistant’ host genotypes such as Genesis090 and PBA
HatTrick have been identified. A greater frequency of highly aggressive isolates within the ARH01
haplotype group appear to have created ‘super isolates’ with the highest pathogenicity ranking. This
represents a significant risk to the Australian chickpea industry – not only are the isolates widely
adapted across diverse geographical environments, but there are a disproportionately large number of
aggressive isolates, indicating fitness to survive and infect the best Australian resistance sources
(Mehmood et al. 2017).

Conclusion
Australian growers have persisted with CA and increased adoption, especially in the western region,
despite the associated increased challenges with disease management. A range of new innovations in
disease management under CA systems continue to support this trend. Pragmatism with occasional
tillage and stubble burning can form part of a more resilient and integrated approach, and as climate
shifts continue pathologists will need to be alert to the potential for emerging problems and work closely
with agronomists and breeders to develop solutions.
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