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Background 
Stem nematode is one of the most damaging 
plant parasitic nematodes. It can produce multiple 
generations per season on susceptible crops and 
varieties, and numbers can increase to very high 
levels within one season. Worldwide, multiple races 
have been reported. In Australia, the oat and lucerne 
races are known to occur, however there have been 
few reports of either race in the past 20 years.  

Stem nematode has been kept under control by use 
of resistant varieties grown in rotation with non-host 
crops.1 In 2020, the affected crop of Brusher oats, in 
the Mid North region of SA, showed poor emergence 
and plants in surrounding areas were severely 
stunted. The preceding oat crops, varieties Mulgara 
and Tungoo, were both classified as stem nematode-
resistant.   

Key findings

The key findings of the project were:

• Pot studies indicate that the 2020 stem 
nematode outbreak is unlikely to be a resistance-
breaking biotype.  

• Results showed that the oat varieties Tungoo and 
Mulgara support low populations that pose a 
substantial risk to susceptible varieties.  

• Stem nematode levels declined more than 30-
fold in infested areas following a wheat crop 
(non-host) but the pest was still detectable after 
the one break crop.   

Grower information

Oat varieties Tungoo and Mulgara will be reclassified 
as moderately resistant (MR), not resistant (R). 

Growers should avoid growing stem nematode-
susceptible oat varieties after an oat or faba bean 
crop, and should also investigate poor-performing 
patches in oat crops. If plants show symptoms similar 
to those in Figure 1, send specimens to your local 
Department of Primary Industries representative to 
confirm diagnosis.

PREDICTA® B, the DNA-based testing service delivered 
by the South Australian Research and Development 
Institute (SARDI), can also be used to check stem 
nematode levels before seeding. To improve detection, 
supplement the soil sample with 15 pieces of oat, wild 
oat, faba bean or broad bean stubble from previous 
crops. Each piece should be 3-5 cm long and taken 
from the base to first node of different plants. 

Research 

In 2020, stem nematode (Ditylenchus dipsaci) was 
observed causing severe patching in a commercial 
oat crop in the Mid North region of South Australia 
(SA). This was considered significant because 
very few outbreaks had been observed in the 
past 20 years, and the affected crop, Brusher 
oats (susceptible to stem nematode), followed 
two consecutive stem nematode-resistant oat 
crops, Mulgara and Tungoo. This project was 
funded to determine whether this stem nematode 
population is a resistance-breaking biotype. 

Oat varieties Tungoo and 
Mulgara will be reclassified 
as moderately resistant (MR), 
not resistant (R). Growers 
should avoid growing stem 
nematode-susceptible oat 
varieties after an oat or faba 
bean crop, and should also 
investigate poor-performing 
patches in oat crops.”

“

1See https://grdc.com.au/resources-and-publications/grownotes/crop-agronomy/oats-southern-region-grownotes/GRDC-GrowNotes-Oats-
SOUTHERN.pdf

https://grdc.com.au/resources-and-publications/grownotes/crop-agronomy/oats-southern-region-grownotes/GRDC-GrowNotes-Oats-SOUTHERN.pdf
https://grdc.com.au/resources-and-publications/grownotes/crop-agronomy/oats-southern-region-grownotes/GRDC-GrowNotes-Oats-SOUTHERN.pdf


Objectives
The objectives of this project were to determine 
whether the 2020 outbreak of stem nematode was 
caused by a resistance-breaking biotype and, if 
appropriate, revise the stem nematode resistance 
classifications of current varieties; and map 
distribution in the infested paddock and measure the 
impact of one non-host crop. 

The expected outcomes were recommendations on 
whether further work is required to manage the risk 
of stem nematode; results from pot experiments 
that compared multiplication rates on the new 
and reference stem nematode populations on oat 
varieties Brusher, Mulgara and Tungoo; and a review 
of the stem nematode resistance classifications for 
oaten hay varieties.

Methodology 

This project pursued several lines of investigation, 
including:

• Mapping the extent of spread of stem nematode 
in the infested paddock to establish a baseline 
for future investigations if required. Soil from the 
infested paddock was grid sampled and tested 
using a qPCR test for stem nematode. Infected 
plants were collected to provide a source of the 
new stem nematode population for the pot trials. 
The most heavily infested area of the paddock 
was resampled in 2021, following a wheat crop. 
 
 
 
 
 

• Conducting pot experiments to compare 
multiplication of the new and reference 
population on Brusher, Mulgara and Tungoo. The 
pot experiments were designed and analysed 
by Ray Correll (RHO Environmetrics) and Sabela 
Munoz Santa (Statistics for the Australian Grains 
Industry (SAGI) South). Plants were grown in 
small pots on the SARDI terraces. Experiments 
were sown in mid-June, inoculated with 100-150 
stem nematodes at the base of the seedling, and 
harvested in October. Stem nematodes numbers 
were assessed in the crown and lower 15 cm of 
the stem using a qPCR test for stem nematode.

• Revising resistance classifications for hay 
varieties by value-adding to a Grains Research 
and Development Corporation (GRDC) National 
Variety Trials (NVT) stem nematode screening 
project. Design and analysis of the GRDC NVT was 
undertaken by SAGI using linear mixed modelling. 
Varieties were assigned resistance classifications 
based on variety means and comparison with 
reference varieties.

The reference stem nematode population was 
sourced from Kingsford, 46 kilometres north of 
Adelaide, and the new population was extracted from 
infested plants from the recent outbreak near Hart, 74 
kilometres north-east of Port Wakefield.

Figure 1. Stem nematode symptoms on Brusher oats: (left) Poor crop emergence, seedling unable to 
emerge with distorted tillers; (centre) Emerged seedling with distorted leaves and late tillers distorted 
below ground; (right) Emerged seedling with swollen ‘spring onion’ base. 

Figure 2. Poor crop emergence is evident across the infested paddock.

Stem nematode symptoms in the 
infested paddock

The impact of stem nematode on Brusher oats in the 
infested paddock is show in Figure 1 and Figure 2. 
Symptoms included poor crop emergence, or emerged 
seedlings with distorted leaves or a swollen base.



Mapping stem nematode distribution 
in the infested paddock
Grid sampling the infested paddock showed 
distribution was concentrated on the left-hand side, 
with small outbreaks starting to establish across 

the paddock (Figure 3A). The most heavily infested 
area was resampled following a wheat (non-host) 
crop. While levels had dropped more than 30-fold, it 
was still detected in 50% of the infested locations 
sampled at the time of the outbreak (Figure 3B). 

Multiplication of new and reference 
stem nematode populations on 
resistant varieties
2020 experiments

The 2020 pot experiments were compromised by 
some sources of Tungoo seed, suspected to be not 
true to type. Therefore, experiments were repeated in 
2021 using seed from different sources.  
 
 

2021 experiments

There was a high correlation (0.98) between seed 
sources ranked by predicted multiplication of each 
stem nematode population when varieties were 
fitted as random effects in the linear mixed model 
(Figure 4). When varieties were fitted as fixed effects 
in the model, the new population multiplied slightly 
more than the reference population on Mulgara, 
Tungoo and Kangaroo, but less on Brusher. While this 
interaction was significant (p<0.01), the differences 
were not large enough to change the rankings of the 
seed sources.  

Figure 3. (A) Distribution of stem nematode in a Brusher oat crop in 2020. This crop was sprayed out and 
the paddock was resown to wheat. (B) Stem nematode levels in the most infested section of the paddock 
following the wheat crop. Individual samples were composites of cores collected along each transit. Stem 
nematode levels were below detection in white squares, <5 per 100 g sample in yellow squares, 5-10 per 
100 g sample in orange squares, and >10 per 100 g sample in red squares.

Figure 4. Ranking of different oat varieties and seed sources based on predicted multiplication rates for 
the 2020 and reference stem nematode populations. 

A B



Stem nematode resistance 
classifications for hay oat varieties
Prior to 2020, stem nematode resistance 
classifications were based on trials conducted 
between 1998 and 2008. 

This project supported inclusion of six hay oat 
varieties in the GRDC NVT grain oat stem nematode 
screening project, conducted using the reference 

stem nematode population from Kingsford. Koorabup 
was classified susceptible, Brusher as susceptible, 
Kangaroo as moderately susceptible, Wintaroo as 
moderately resistant to moderately susceptible, 
Mulgara as moderately resistant and Tungoo as 
moderately resistant. 

The Tungoo seed supplied was not true to type, 
so its classification was based on the experiment 
comparing seed sources.

Figure 5. Predicted multiplication rates of the 2020 and reference stem nematode populations on different 
sources of Tungoo, Mulgara, Kangaroo and Brusher oats. B = breeders’ seed, C1 = seed sown in infested 
paddock, C2 = grower seed unrelated, G = seed from grain bank.

Table 1. Stem nematode resistance classifications for hay oat varieties using the Kingsford population.  

S = susceptible; MS = moderately susceptible; MRMS = moderately resistant to moderately susceptible; 
MR = moderately resistant, R = resistant. *Tungoo seed used in the GRDC NVT project was not true to type. 

Stakeholder group 2021 classification Previous classification 

Brusher S MS

Forester S

Kangaroo MS MS

Koorabup S -

Mulgara MR R

Tammar R

Tungoo MR* R

Wintaroo MRMS MR

Stem nematode multiplication on 
different seed sources
In 2021, Mulgara, Tungoo and Brusher seed was 
sourced from several growers, seed suppliers, the 
SARDI Oat Breeding Program and the NVT program. 

Predicted multiplication rates for the 2020 and 
reference stem nematode populations on Tungoo 
breeders’ seed (B), Tungoo from the Australian Grains 

Genebank (G) and Tungoo sown in the infected 
paddock (C) averaged 3.8 and 1.1 respectively, 
however multiplication rates on the ‘Tungoo’ used 
by the NVT program were 107 and 174 respectively, 
indicating the latter is not Tungoo (Figure 5). 

Multiplications rates of the new and reference 
populations of Kangaroo averaged 7.2 and 6.3, Mulgara 
9.4 and 6.6, and Brusher 108 and 174, respectively. 



Implications

Tungoo and Mulgara stem nematode resistance 
classifications will be revised from resistant (R) to 
moderately resistant (MR) as a result of this work.

The research also confirmed that one non-host crop, 
e.g. wheat, is not sufficient to reduce stem nematode 
numbers low enough to safely grow a susceptible oat (or 
faba bean) crop. 

Further, growers should avoid sowing susceptible 
oat varieties after an oat (or faba bean) crop; stem 
nematode numbers can increase well over 100 times 
on susceptible oat (and faba bean) varieties during one 
growing season. 

Growers should also investigate patches in oat crops. If 
plants show symptoms consistent with stem nematode, 
they should send samples to their local Department of 
Primary Industries representative to diagnose the cause.

Recommendations

The project teams recommends that funds be secured 
to include hay oat varieties in stem nematode variety 
classification experiments.

More detailed experiments should also be undertaken to 
investigate whether the 2020 stem nematode population 
is evolving to multiply on resistant varieties. 

Discussion
The very strong correlation (r2=0.98) between ranking 
of varieties by predicted multiplication rates for the 
2020 and reference stem nematode populations 
indicates the latest outbreak is not a resistance-
breaking biotype. However, there was a significant 
interaction caused by the 2020 population having  
higher predicted multiplication on Tungoo and Mulgara 
and lower multiplication on Brusher compared with the 
reference population. This may be due to limitations in 
the experimental design, where each stem nematode 
population was evaluated in separate blocks instead of 
randomised in the same block to eliminate the risk of 
cross-contamination. 

Importantly, the pot experiments, which were 
conducted under field conditions, showed that 
Tungoo and Mulgara supported low stem nematode 
populations that increased slightly compared with the 
starting population. This means these varieties cannot 
be relied on to control stem nematode well enough to 
protect a subsequent susceptible variety and explains 
why the Brusher crop showed severe patching in the 
2020 outbreak. 

The SARDI Nematology Group has re-established a 
pot-based screen for stem nematode and maintains 
the reference and 2020 populations. SARDI screens 
grain oat varieties for resistance to stem nematode on 
behalf of the GRDC NVT program. Kangaroo (MS) and 
Koorabup (S) were included in the pot experiments with 
support from this project (Table 1).
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