L4

\ A

SAGIT

OFFICIAL

Office Use Only
Project Code
Project Type

FINAL REPORT

2024

PROJECT CODE | SUA421

PROJECT TITLE

Measuring and managing yield loss caused by Phoma root in lentil and faba bean

PROJECT DURATION
Project start date 1/07/2021
Project end date 30/06/2024

PRINCIPAL INVESTIGATOR

Title: First Name: Surname:

Mr Blake

Gontar

Organisation: | The University of Adelaide

Mailing
address:

Telephone:

Email:

Mobile:

ADMINISTRATION CONTACT DETAILS

Title: First Name: Surname:

Ms Lynette

Kelly

Organisation:

Mailing
address:

Telephone:

Email:

Mobile:

sagit.com.au

OFFICIAL @ ® @




OFFICIAL

PROJECT REPORT: Please provide a clear description for each of the following:

Executive Summary

Phoma root rot, caused by Didymella pinodella, is a common issue in lentil and faba bean, with
potential to cause yield loss. While controlled environment studies have confirmed its pathogenicity,
field-based quantification of yield loss has not been undertaken. This study evaluated the effects of
inoculation with D. pinodella on yield and disease severity across multiple field sites, alongside
controlled environment experiments examining interactions between soil moisture, temperature, and
pathogen load.

Twelve field experiments and two controlled environment experiments were conducted from 2021 to
2024 to quantify Phoma root rot (Didymella pinodella) yield losses in lentil and faba bean crops.
Trials evaluated soil moisture (via irrigation), inoculation, and fungicide treatments at multiple South
Australian sites. Controlled environment studies examined interactions between soil moisture,
temperature, and pathogen presence.

D. pinodella was shown to cause low levels of yield loss in lentil in field trials in this project. The
highest yield loss measured was 12%. Yield responses to pathogen inoculation were variable with
soil type, the presence of soil pathogens and general soil conditions including soil temperature and
moisture.

Inoculation of trials with the pathogen D. pinodella generally increased the incidence and severity of
root disease in lentils and faba bean. At some sites irrigation increased disease severity, however
this did not always negatively impact yield. Fungicide treatments reduced disease severity but did not
consistently improve yield.

Controlled environment studies showed disease severity due to D. pinodella was highest under cool,
wet conditions (15°C, 100-120% field capacity). Where a secondary pathogen was also present high
temperatures (25°C) and water stress increased disease incidence but had less effect on plant
growth.

Project objectives

e To measure yield loss in lentil and faba bean from Phoma root rot

o Develop a method for supplementary irrigation in winter to investigate the role of soil water in
the development of Phoma root rot, as well as the effect of Plant Available Water (PAW) in
spring on yield response to Phoma root rot.

o Evaluate registered and experimental products to reduce disease development and yield loss.

Overall Performance

This project contributed substantially to the development of methods for investigating yield loss in
pulses due to root pathogens. These methods are now being incorporated within a GRDC-funded
national project lead by SARDI ‘UOA2206-007RTX Impact of root diseases on pulse crops in the
Northern and Southern regions.

The project established that Phoma root rot can reduce lentil yield under conducive conditions, but
that these conditions may involve complex relationships between disease-causing factors, and
factors-conducive to yield loss. Seed-applied fungicides appear to be beneficial under certain
circumstances.

This complex issue was investigated through 12 field experiments and 2 growth room experiments
conducted from 2021-2024. Extension of results was carried out through grower group presentations,
PredictaB workshops, GRDC updates and agronomist workshops.

KEY PERFORMANCE INDICATORS (KPI)

Please indicate whether KPIs were achieved. The KPIs must be the same as those stated in the Application
for Funding and a brief explanation provided as to how they were achieved or why they were not achieved.

sagit.com.au OFFICIAL @ @ @




OFFICIAL

If not achieved, please state
reason.

KPI Achieved

KPI 1 Due 30*" July 2021

Develop a reliable system to produce and
quality control inoculum.

Sterile millet seed Phoma pinodella inoculum
was generated in the lab and used to
inoculate pot experiments through the
project. The experiments showed that P.
pinodella could be stored on millet, frozen
and then us_ed _to re!iably infect pulses. A Yes No [
small rate trial in chickpea (known to be
susceptible to root infection) indicated that
rate does play a role in increasing infection. A
small check experiment was conducted in
early 2021 to confirm that frozen millet
remained viable and pathogenic. This was
subsequently confirmed in the field trial in
2021 and thereatfter.

KPI 2 Due 30'" September 2021

Establish 1 trial to investigate inoculum
rates and to investigate methods of
supplementary irrigation, for use in 2022
field trials.

A field trial was established at Bute, with 4
experiments conducted: 2 trials (1 lentil and 1
faba bean) assessing disease and yield
impacts of Phoma inoculum levels and
irrigation, a trial comparing yield effects of

various Phoma isolates and a trial evaluating Yes No L]
yield impacts of fungicides on lentil inoculated
with Phoma.

All trials were sown on the 4" June and
established well. However, the faba bean trial
wilted and died following broadleaf herbicide
application (imi-herbicides); the seed
supplied by the breeder was not imi-tolerant.
All other trials were sampled and harvested
per the contract.

KPI 3 Due 1 February, 2022
Develop trial design in consultation with

SARDI Pulse Agronomy, Climate
Applications and SAGI South.

In 2022, 2 trial sites were fumigated to limit Yes No []
background pathogen effects on
experiments. SARDI Pulse Agronomy (Clare)
were consulted on sowing approaches for
2022 and the Biometry team (SAGI STH)
designed the experiments.

KPI 4 Due 315t October 2022

Two field sites selected, supplementary
irrigation system installed (used if Yes No [
necessary, to sow on target date).
Irrigation applied during winter to assist
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disease development and increase yield
potential.

Assessments; crop establishment 6 wks
after seeding, NDVI readings in July &
August, root disease score, rhizobia and
pathogen levels assessed by early spring.

Two field sites were selected at Roseworthy
and Turretfield. Sites were selected based on
their suitability for the crop types, as well as
availability of water for irrigation and
accessibility for commercial fumigation by
TriCal. Following Predicta B sampling and
before trial establishment, sites were treated
with fumigants to reduce pathogen levels.
Lentil and faba bean trials were sown at
Roseworthy on the 18" May and Turretfield
on the 19t May.

Irrigation was applied at multiple timings in
winter to increase soil saturation.

Little root disease developed early, and plots
showed no visual sign of root disease effects.
Sites were periodically assessed for
developing root disease before sampling in
mid-November.

At each site, a second trial was planned to
assess the impact of PAW during
reproductive growth on yield response to
Phoma root rot. However, these were not
continued due to a lack of disease expression
and the over-abundance of PAW across the
entire trial site during Spring.

KPI 5 Due 315t November 2022
Grower field day conducted in spring.

A crop walk of the Turretfield field site was
proposed as part of the advertised SARDI
Root Health Workshop at Turretfield.
However, the workshop was cancelled due to
low registration numbers. SARDI staff
delivered a supplementary presentation to Yes No []
the Crop Science Society, however this was
held in the evening and not suited to a field
walk. Multiple other presentations of the
project including 2021 field trial data were
made throughout 2022, as detailed later in
the 2023 Progress Report

KPI 6 Due 20'" December 2022

Trials harvested, data collated and
analysed by SAGI South. Implications for
following trials considered.

Both sites were harvested late due to the Yes No []
long 2022 growing season.

Analysis by SAGI biometricians was
completed and is presented. Results were
used to inform 2023 experiments.

KPI 7 Due 31t October 2023 Yes No [
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Two field sites selected, supplementary
irrigation system installed (used if
necessary, to sow on target date).
Irrigation applied during winter to assist
disease development and increase yield
potential.

Assessments; Crop establishment 6 wks
after seeding, NDVI readings in July &
August, root disease score, rhizobia and
pathogen levels assessed by early spring.

Two field sites were sown at Roseworthy and
Loxton. Building on 2022 method
development, the sites were tilled
extensively, to promote better distribution of
soil fumigants.

Lentil and faba bean trials were sown at
Loxton on the 29™ June, while lentil only was
sown at Roseworthy 21st July.

Irrigation was applied at multiple timings in
winter to increase soil saturation.

In contrast to 2022, plots showed some visual
signs of root disease effects. Plots were
sampled for root disease in September.

At Loxton, a third experiment was conducted
to assess the impact of PAW during
reproductive growth on yield response to
Phoma root rot. Additional water was applied
throughout flowering and grain fill. NDVI was
conducted and yield data collected.

KPI 8 Due 31%t November 2023
Grower field day conducted in spring.

Grower field days were proposed to the
Upper North Farming Systems group and
South Australian Plant Pathology Society
however both declined. An offer was made to
the Mallee Sustainable Farming group to
attend the Loxton field trial site during their
pulse field day, but was declined.
Alternatively, a presentation was made to
growers at Kimba 31st January 2024, where
the impact of Phoma root rot was discussed,
and presented along with other research.

Yes No [

KPI 9 Due 30" February 2024

Trials harvested, data collated and
analysed by SAGI South.

Trials were harvested by hand due to
difficulties obtaining contractors or SARDI
Agronomy machinery. Data analysed by
AAGI biometrician.

Yes No [

KPI 10 Due 30" March 2024

Results presented to GRDC Updates,
Agribusiness technical forums and
independent consultants.

Project findings were included in a
presentation made to the Independent

Yes No [
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Consultants group on the 1st February, data
have been incorporated into pulse root
disease modules presented at Predicta B
workshops across Australia in 2024 and

2025.
The final report was delayed
substantially for this project, with
Final report delivered to SAGIT Yes No [] | several extensions requested and
given. The final report is now
complete.

TECHNICAL INFORMATION

Introduction

Phoma root rot, caused by Didymella pinodella, has been identified as a common issue in lentil and
faba bean crops, with potential to cause yield loss. While controlled environment studies have
confirmed its pathogenicity, field-based quantification of yield loss had not been undertaken. This
project evaluated the effects of inoculation with D. pinodella on yield and disease severity across
multiple field sites, alongside controlled environment experiments examining interactions between
soil moisture, temperature, and pathogen load.

Methods

Field trials were conducted at Bute, Roseworthy, Turretfield, and Loxton, SA, between 2021 and
2023. Treatments included inoculation with D. pinodella at varying rates, irrigation to manipulate soil
moisture, and fungicide treatments to potentially control disease. Grain yield (t/ha), visual disease
scores (VDS, either 0—6 scale, changed to 0-100% score from 2023 onward), and root pathogen
DNA (qPCR) was measured.

Controlled environment experiments tested the interaction between soil moisture (30, 70, 100, and
120% field capacity) and temperature (10°C, 15°C, 20°C, and 25°C). Plant biomass, root disease
severity, and germination rates were measured to further assess how environmental conditions
influence disease progression.

Detailed methods and results for each experiment are presented in Appendix 1.
Effects of Inoculation on Yield and Disease Severity

Inoculation with D. pinodella increased visual disease scores across all trials (Example — Turretfield
2022, Figure 1), but its effect on yield was inconsistent. At Turretfield in 2022, lentil yield was
reduced by 0.12 t/ha at the highest inoculum rate (P = 0.017), irrespective of irrigation, but was
reduced by 0.38t/ha under irrigation (Figure 2), while at other sites, yield losses were not significant.
Background pathogen levels likely masked the impact of inoculation with D.pinodella at some sites,
as non-inoculated plots still exhibited moderate disease levels.
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Figure 1 Visual disease score of A) lentil of B) faba bean roots either non-inoculated or inoculated at the highest rate of
inoculum at Turretfield in 2022
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Figure 2. Yield of lentil under increasing levels of D. pinodella inoculation (0-2.4 g/m row) and either irrigated or
not-irrigated during winter at Turretfield in 2023.

In several other experiments, near significant main effects or interactions of inoculation on yield were
observed. At Bute in 2021, there appeared to be a negative linear response of yield to increasing
inoculation level (ns), with the irrigated non-inoculated control yielding 1.05t/ha compared with
0.86t/ha in the irrigated, 2g inoc/m treatment i.e. 0.21 t/ha yield loss (ns). A similar trend was
observed in lentil inoculated with high rates of inoculum at Loxton in 2023.

Inoculation with D. pinodella frequently increased visual disease score (VDS) of lentil and faba bean
roots, however there was often significant disease levels in non-inoculated control plots and
differences were therefore small in all but 2023 experiments. This project sought to develop better
methods for the assessment of soilborne disease under field conditions, including the use of
commercial fumigation. This method was refined throughout the course of the project, culminating in
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good background disease control and strong contrast in VDS between non-inoculated and inoculated
treatments in the 2023 experiments at Loxton and Roseworthy. At Loxton in 2023, inoculation
increased visual disease severity by 34% and significantly reduced aboveground biomass (P < 0.05).
The controlled environment experiments supported these findings, showing a strong correlation
between increasing inoculum rate and higher root disease severity (Figure 4, section below).
However, despite elevated disease levels, the yield impact was limited in most field trials, reinforcing
the role of environmental stress in modulating disease effects.

Irrigation and Inoculum Interactions

Irrigation effects varied depending on background pathogen pressure and soil conditions. At
Turretfield 2022, irrigation didn’t affect VDS, however it did impact lentil yield negatively, and the
interaction with inoculation was borderline significant. At Loxton in 2023, irrigation increased yield
under dry conditions, but in inoculated plots, disease scores were elevated and yield differences (ns)
appeared greatest under irrigated conditions. The level of plant available water (via irrigation) was
shown to be important in determining the impact of the pathogen on yield (Figure 3)

Means and e.s.e.'s for Treatment

254

204

_t ha

vield

0.5 -

0.0

Irrigated MPAW Irrigated HPAW Irrigated CC na G

Treatment

Figure 3. The effect of inoculation with D.pindella and differing levels of plant available water on the yield of lentil at Loxton
in 2023. Where ‘no IC’ is non-irrigated and inoculated with D. pinodella, ‘irrigated CC’ is non-inoculated and irrigation
(T=125.5mm), ‘irrigated MPAW’ is inoculated and moderate irrigation (T=756mm)) and ‘irrigated HPAW’ is inoculated with
high irrigation (T=157.5mm).

Fungicide Response

Fungicide treatments reduced disease severity but did not consistently improve yield. At Loxton in
2023, fungicide-treated lentils showed a yield increase (P = 0.024) and a reduction in visual disease
score (Figure 4), but at other sites, fungicide effects were limited. Root DNA analysis suggested rapid
pathogen buildup in soil, reducing the effectiveness of single-season fungicide applications. The
controlled environment studies further suggested that fungicide-treated plants exhibited reduced root
disease symptoms, but pathogen persistence in soil may limit long-term control strategies.

sagit.com.au OFFICIAL @ @ @




OFFICIAL
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Figure 4. Visual disease score in lentil roots either irrigated or non-irrigated and treated with either nil (CC), medium (MR,
MS) or high (HR) rates of D. pinodella inoculum, or treated with a seed fungicide (P-pickel T) and sown with a medium rate
of inoculum (TM)) at Loxton in 2023.

Controlled Environment Studies

Controlled environment experiments provided further insight into the interactions between D.
pinodella inoculation, soil moisture, and temperature. Under cool, wet conditions (15°C, 100-120%
field capacity), inoculated plants exhibited the highest levels of disease severity, with extensive root
discoloration and a 25-40% reduction in shoot biomass compared to non-inoculated controls (Figure
5 & 6). This suggests that prolonged moisture availability promotes pathogen activity and root
infection, leading to substantial reductions in plant growth.

In contrast, at higher temperatures (25°C) and under drought stress (30% field capacity), disease
severity was also elevated, but biomass reductions were less pronounced compared to non-
inoculated controls. Plants subjected to these conditions displayed moderate root discoloration but
maintained greater biomass compared with the control, than those in cooler, saturated conditions
where biomass differences became pronounced. These findings indicate that while D. pinodella can
infect plants under a range of environmental conditions, disease severity and growth impact are most
severe under cool, wet conditions where prolonged soil moisture facilitates pathogen proliferation.
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Figure 5. Visual root disease score (0-10) of lentil either inoculated (Inoc IN) or non-inoculated (Inoc CC) with D. pinodella
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Figure 6. Above ground biomass (g/plant) of lentil either inoculated (Inoc IN) or non-inoculated (Inoc CC) with D. pinodella
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at four water levels and four ambient temperatures in a 2023 CER experiment.
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Germination was significantly affected by waterlogging, with seeds sown in 120% field capacity soll
exhibiting reduced emergence rates, regardless of inoculation status. This suggests that high soil
moisture alone can hinder seedling establishment and exacerbate early root disease development.
However, germination differences between inoculated and non-inoculated treatments were minimal.

Detailed experiment results are presented and discusses in Appendix A. This study provides insights
into Phoma root rot’s impact on lentil and faba bean crops, informing future management practices
and research directions.

CONCLUSIONS REACHED &/OR DISCOVERIES MADE

Phoma root rot does contribute to root disease in both lentil and faba bean under field conditions,
and can contribute to yield loss in these crops. However the yield losses are relatively small
compared with other soilborne diseases, and yield losses are highly dependent on soil type, season
(water availability) and possibly other factors including competition/ interactions with other root
pathogens. Phoma root rot caused an average yield loss of 0.17t/ha (5%) in lentil at Turretfield in
2022. Irrigation was applied to simulate waterlogging, and irrigated plots with the highest level of the
disease suffered a 0.38t/ha, or 12%, yield loss. A field trial at Bute in 2021 demonstrated similar
trends in yield loss, although results were not statistically significant.

Management through the use of seed applied fungicides appears possible, with registered fungicide
P-pickel T increasing yield in one experiment only at Loxton, however the fungicide did appear highly
effective at reducing root disease in all 2023 field experiments and may be useful under the right
conditions.

Growth room experiments confirm that Phoma root rot can infect and cause disease and biomass
reductions across a range of conditions, including heat stress conditions, however the above ground
impacts appear to be greatest when the pathogen is advantaged by cool, saturated conditions. This
is a complex interaction which balances;

(i) the conditions most suitable for infection and disease, which may also benefit the crop due to
adequate water availability, provided waterlogging stress does not occur.

Relative to

(i) conditions which may not be ideal for infection but where a crop is stressed due to heat and lack
of plant available water, but where overall yield potential may be minimal anyway.

Methods developed in this project are currently being applied in multiple GRDC investments, while
also informing further SAGIT-funded research looking at interactions between soilborne pathogens
and physical/chemical characteristics of soils

Phoma root rot is likely one of the most common root diseases in pulse crops and may cause
frequent yield loss when combined with other pathogens sometimes present in SA pulse crops.
Further research looking at relationships with other pathogens and soil physical/chemical character is
continuing in other projects.

INTELLECTUAL PROPERTY

Nil

APPLICATION / COMMUNICATION OF RESULTS
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e Phoma root rot caused an average yield loss of 0.17t/ha (5%) in lentil at Turretfield in
2022. Irrigation was applied to simulate waterlogging, and irrigated plots with the
highest level of the disease suffered a 0.38t/ha, or 12%, yield loss.

o Afield trial at Bute in 2021 demonstrated similar trends in yield loss, although results
were not statistically significant.

e There was a yield response to fungicide P-pickel T in one experiment only, however
the fungicide did appear highly effective at reducing root disease in all 2023 field
experiments and may be useful under some conditions.

¢ Growth room experiments show that Phoma root rot can infect and cause disease
and biomass reductions across a range of conditions, including heat stress
conditions, however the above ground impacts appear to be greatest when the
pathogen is advantaged by cool, saturated conditions.

e Phoma root rot is likely one of the most common root diseases in pulse crops, and
may cause frequent yield loss when combined with other pathogens sometimes
present in SA pulse crops.

POSSIBLE FUTURE WORK

This project has substantially informed further soilborne disease research currently being
conducted by SARDI within GRDC-funded UOA2206-007RTX and GRDC DAW2206-
006RTX. Further SAGIT investment UAD02624 is currently looking at interactions between
soil physical and chemical parameters and disease in pulse crops in SA.
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