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PROJECT REPORT:

Executive Summary

This project undertook a detailed economic analysis to compare selling pulse grain for protein rather
than grain yield alone for export markets. The project involved two years of field trials comprising six
field pea, six lentil, three faba beans and three wheat varieties across four key pulse expansion areas
(Tarlee, Condowie, Tooligie and Coomandook) and utilised 36x National Variety Trials (NVT) pulse
sites in 2023 and 31x NVT trials in 2024 from New South Wales (NSW), Victoria (Vic), Western
Australia (WA) and South Australia (SA) as supporting data for this economic analysis.

The project observed significant variation in the grain yield and overall grain protein percentage
across all sites and years, indicating a useful spread of both yield and protein data was available for
comparison of soil and environment information collected at each site. Over two seasons of trials,
this study identified the following key findings:

e A negative relationship between grain yield and protein percentage was seen across all crop
types, validating that higher yields are generally associated with lower protein percentages.

¢ Environmental conditions, including heat and frost, significantly influenced pulse protein levels
with higher temperatures increasing protein in faba beans and frost during grain fill increasing
protein in lentils.

¢ Soil sodicity (high ESP) was correlated to reduced grain protein in field pea and faba bean.

e Crop type and varietal performance impacted protein responses with lentils having the
highest protein percentage among all pulses and PBA Marne (faba) and PBA Pearl (pea)
having the most stable and high protein and yield across environments.

e An economic analysis showed lentils were most profitable for yield at Tarlee and Condowie;
wheat and field peas were most profitable at Tooligie and Coomandook across the seasons.

e This project identified that for a future pulse protein market to be viable in South Australia, the
pulse protein price must exceed $4-5/kg (raw protein) to be profitable compared to returns
from a grains export market.

These findings provide SA growers with insights into where and when pulse crops may offer a viable
alternative to cereals, particularly under future demand for plant-based protein. The choice of variety
will ultimately depend on the target end-use market. The findings of this study suggest the best crop
type and variety depends on whether maximum vyield, high protein, or a balance of both are desired.

Project objectives

This project aimed to provide South Australian grain growers with information on the influence of
agronomy, environment, crop type and variety selection when considering a pulse protein market.

The key objectives were:

1. Evaluating genetic variation for protein content and seed quality in field pea, faba bean, and lentil.
2. Investigating crop and variety choices for key expansion areas.

3. Conducting an economic analysis on the pulse crops tested.
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Overall Performance

The project successfully achieved its objectives across the 2023 and 2024 seasons. The National
Variety Trial (NVT) lentil, field pea and faba bean grain from NSW, VIC, WA and SA (list of all sites in
Table A1) were sourced from 2023 and 2024 and NIR grain protein was tested at the SARDI Clare
Research Centre. Grain yield, grain weight, environment and soil information data were collated and
data was provided to Sharon Nielson, Statistical Consulting, for MET and multivariate analysis.
Multivariate and statistical analyses identified environmental drivers and yield-protein trade-offs.

Two field trials with lentils, field peas, faba beans, and wheat across four representative regions in
South Australia (Tooligie, Condowie, Tarlee, Coomandook) were established in 2023 and 2024. Field
trials were well executed, although Coomandook only had one year of complete data due to severe
frost damage following repeated -6°C minimum temperature frost events in 2024 (Figure A1).

Economic analysis with the field data across the two seasons and crop types was conducted by
Pinion Advisory. This economic analysis involved modeling the profitability for current and future
pulse protein market scenarios. Field trials had insufficient data for MET and multivariate analysis,
only ANOVA and Multi comparisons tests were completed in R studio.

Overall, no major issues were encountered. Protein calibration via NIR was found to be robust and
field sites were successfully managed under best-practice agronomy.

Contributors:

- Lead Researchers: Rhiannon Schilling, Amber Spronk, Sarah Day

- Collaborators: Pinion Advisory (Jana Freebairn), Sharon Nielsen Statistical Consulting
- Technical support: NVT Program Coordinators, SARDI Clare Agronomy team

KEY PERFORMANCE INDICATORS (KPI)

KPI Achieved If not achieved, please state

reason.
Trials established for 2023 growing Yes No [
season
First year of field trials completed Yes X No [
Second year of NVT grain analysis Yes No [J
completed

2024 Coomandook site was
Second year of field trials completed | Yes No UJ terminated due to severe frost
damage and drought.

Third year of NVT grain analysis

Yes No [
completed
First year of economic analysis Yes No [
completed
Second year of economic analysis Yes No [
completed
Final report Yes X No U

sagit.com.au OFFICIAL ('D (XD @ @_’)




OFFICIAL

TECHNICAL INFORMATION

The following is a summary of the key findings for the three main objectives.

1. Evaluating genetic variation for protein content and seed quality in field pea, faba bean,
and lentil.

Field Pea

NVT field pea results from 2023 and 2024 indicate a clear trade-off between grain yield and protein,
supported by Principal Component Analysis (PCA) showing a moderate negative correlation (r = —
0.45) between the two traits (see Supplement SN Stats Report, pages 4 & 6). Most environmental
factors appear to have minimal influence on grain protein in field peas; however there was a moderate
negative correlation between protein and soil exchangeable sodium percentage (ESP) (r = —0.48),
suggesting that high soil sodicity can suppress grain protein levels in pulses.

In addition, preliminary observations revealed genetic variation among field pea varieties (Figure A2).
For instance, APB Bondi consistently demonstrated high yields but low protein, whereas Twilight
showed the opposite pattern in 2023 with low yields but high grain protein. This highlights that not all
field pea varieties behave similarly for yield and protein levels. Notably, APB Bondi is a newly released
variety, while Twilight is an older line, suggesting that recent breeding efforts may be prioritising yield
at the expense of protein.

These insights have important implications for future breeding strategies, especially if the goal is to
develop high-protein field peas. Varieties like PBA Noosa, which combine strong yield and high protein,
present a promising opportunity to achieve both outcomes. These findings are also relevant when
considering the end-use potential of field peas, particularly if protein-focused markets emerge in the
future.

Faba Bean

PCA results from the NVT faba bean trials suggest that grain protein was influenced by several
environmental factors (see Supplement SN Stats Report, pages 11 & 14). Notably, there was a
moderate positive correlation between protein content and the number of heat events (r = 0.62), as
well as with maximum temperature (r = 0.52). This indicates that sites experiencing a hotter, drier finish
to the season tended to produce faba beans with high protein levels. Similar to trends observed in field
peas, a moderate negative correlation was found between protein and soil exchangeable sodium
percentage (ESP) (r = —0.66), suggesting that sodic soils may reduce grain protein content.

A moderate positive correlation between grain protein and grain weight (gwt) (r = 0.49) was also
observed, implying that larger seeds tend to have higher protein concentrations. While the PCA did
not identify a direct correlation between yield and protein, visual analysis (Figure A3) points to a
potential trade-off, as seen in the variety PBA Rana, which displayed higher protein levels but lower
yields. Additional seasonal data from NVT trials may lead to clearer and more consistent conclusions.

These findings have important implications for future faba bean breeding. The choice of variety will
ultimately depend on the target market. The best variety will depend on what is aimed to be achieved,
such as maximum yield, maximum protein, or a balance of both.

PBA Marne, which demonstrated both high yield and high protein, makes it a valuable option for
growers looking to target both productivity and future market opportunities that may reward protein
content.
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Lentil

Unlike faba beans, the NVT Lentil PCA results showed a moderate negative correlation between grain
protein and grain weight (r = -0.49), suggesting that smaller grains tend to have higher protein content
(see Supplement SN Stats Report, pages 7 & 9). The PCA also indicated that yield may have been
compromised by multiple frost events during grain fill, with a moderate negative correlation observed
(r =-0.56). While no direct positive relationship was found between frost events and protein levels, it
can be inferred that frost may have reduced grain size, thereby increasing protein concentration. This
insight is particularly relevant when considering opportunities in the protein market for low-quality, frost-
affected grain, which may still hold value due to elevated protein levels and could offer an alternate
use for frost-affected grain.

Across the two seasons of data, the high-yielding, high-protein variety ALB Terrier stood out as a
unique opportunity to capture value from both yield and protein traits (Figure A4). Notably, ALB Terrier
is the most recently released lentil variety and appears to perform well in both yield and protein metrics,
offering promising potential for growers aiming to target multiple market demands.

2. Investigating crop and variety choices for key expansion areas.

Trial data from 2023 and 2024 highlighted important trends in the relationship between grain yield and
grain protein across wheat and pulse crops. Correlation plots revealed a consistent negative
relationship between grain yield and protein percentage across all crop types - meaning that as yield
increased, protein levels tended to decline (Figure A5). In addition to this, ANOVA results confirmed
significant differences in grain protein content between crop types and varieties, underlining the
importance of variety selection when targeting either trait (Figure A7). Correlation plots also show a
negative correlation between grain weight and protein, stronger in the pulses compared to wheat. This
result is similar with the NVT data.

Wheat consistently delivered the highest grain yields across all trial sites at Coomandook, Condowie,
Tarlee, and Tooligie, making it the most promising candidate for protein expansion where maximising
production volume is the key objective. Among pulses, lentils, while achieving the highest grain protein
levels across all locations, had considerably lower yields, particularly at Coomandook and Tooligie
(Figure A7). Among lentil varieties, GIA Thunder and PBA Highland XT stood out for their strong yield
performance coupled with respectable protein content across all locations. GIA Metro, the large seed
type variety, consistently had the highest grain protein % across all locations. This result is unlike the
PCA results from NVT grain where we saw the negative correlation with grain size and protein. This
result is interesting and suggests a need to further consider exploring the links between genetics,
quality of grain and protein relationship.

Faba beans delivered moderate yields with averages ranging from just under 1t/ha at Condowie to
2.5t/ha at Tarlee. PBA Marne had the most consistent grain protein levels across sites. Field peas,
meanwhile, showed more variable results depending on the location. A key breeding line, 13-H0456
14K06,previously selected for high yield and protein in an earlier State Government-funded project
(2021-2022), did not perform as strongly in this trial, producing only moderate yield and protein levels.
In contrast, PBA Pearl was the most stable performer for both yield and protein across all four trial
sites.

3. Conducting an economic analysis in key expansion areas.

Please note the economic analysis in this study was based on assumptions due to an unestablished
pulse protein market in Australia with suggested pulse protein values between $1-5/kg tested. The
complete economic analysis completed by Pinon Advisory is submitted as a supplemental report.
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What crop types achieved the highest predicted gross margins in the trial years?

At both Condowie and Tarlee, lentils had the highest gross margin ($/ha) across both the 2023 and
2024 seasons for yield alone. At Tooligie, wheat had the highest gross margin, closely followed by field
peas. Meanwhile, at Coomandook, field peas had the highest gross margin, with wheat ranking second.
Across all sites, faba beans consistently had the lowest predicted gross margins. Interestingly,
Condowie and Tarlee, both located in the Mid North, are higher rainfall areas compared to Tooligie and
Coomandook, which typically receive low to moderate rainfall. These results suggest that location and
rainfall environment should be key considerations when selecting crop types to optimise gross margin
returns.

How did crop types/varieties compare for protein yield?

Protein yield (kg/ha) was used to assess the “real protein achievement” of different crops and varieties,
as grain protein percentage alone is not a sufficient indicator. The results varied across sites with a
summary provided below:-

Condowie: Lentils had the highest protein yield, with GIA Thunder outperforming all other varieties.
Tarlee: Faba beans had the highest protein yield, closely followed by lentils. All faba bean varieties
performed similarly, while GIA Thunder led among the lentils.

Coomandook: A similar trend emerged, with faba beans again having the highest protein yield followed
by wheat.

Tooligie: Wheat was the top performer with the highest protein yield by a significant margin.

These results highlight how protein yield can differ between crop types, varieties, and locations and
emphasises the importance of evaluating both quantity and quality when selecting for protein
performance.

What are the economic considerations for selecting a pulse type based on a future pulse protein
market?

Trial results from the 2023 and 2024 seasons across four regions indicate that for pulse protein markets
to be economically viable, they will need to offer significant price premiums over current domestic feed
and export markets. Among the pulses evaluated, lentils appear to be the least competitive, requiring
a protein price of more than $5/kg to match the high gross margins already achievable in existing
commodity markets. Field peas and faba beans would need prices exceeding $4/kg and $3-4-/kg,
respectively, to remain competitive.

An example is provided below for lentils, field peas and faba beans at Condowie, SA, showing that to
be more profitable for a protein market than domestic feed or export market, the pulse protein price
would need to be over $5/kg for lentils, between $3-4/kg for field peas and $3/kg for faba beans. A full
summary of all findings for each site and crop type is available in the economic analysis (please see
Pulse Protein Markets attachment).

(a) — Lentils at Condowie, SA

Protein Price Sensitivity ($/kg protein, pre-processing)
1 2 3 4 5

Potential gross margin if
paid for protein ($/ha)

$17.75 | $314.50 | $646.75 | $979.00 | $1,311.25

Predicted current gross
margin from trials ($/ha)

$1,639.00
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(b) Field peas at Condowie, SA

Protein Price Sensitivity ($/kg protein, pre processing)
1 2 3 4 5

Predicted gross margin
if paid for protein ($/ha)

-$77.01 $167.98 $412.97 $657.96 $902.95

Predicted current gross

503.54
margin from trials ($/ha) $

(c) Faba beans at Condowie, SA

Protein Price Sensitivity ($/kg protein, pre processing)
1 2 3 4 5

Predicted gross margin
if paid for protein ($/ha)

@111,23 $111.44 | $334.16 | $556.88 | $779.60

Predicted current gross

margin from trials ($/ha) $310.85

CONCLUSIONS REACHED &/OR DISCOVERIES MADE

This study has advanced our understanding of which pulse crops and varieties are best suited to the
pulse protein market and the interaction between protein and yield across different environments.
MET and PCA analysis from the NVT data suggests environment can have an impact on grain yield,
grain protein and grain weight, however, it differs for each crop type.

Field trials conducted across four key South Australian regions at Coomandook, Condowie, Tarlee,
and Tooligie in 2023 and 2024 provided valuable insights into the performance of wheat, field pea,
faba bean, and lentil crops under varying environmental conditions. The project confirmed a
consistent trade-off between grain yield and grain protein, with higher yields generally linked to lower
protein content across all crop types. This trend was further supported by statistical analysis of the
field pea NVT PCA results.

Wheat was the clear leader in grain yield across all sites, making it the strongest candidate for
expansion in systems prioritising volume. However, when considering pulses, lentils, while yielding
lower, produced the highest protein content, with GIA Thunder providing the highest protein yield in
the economic analysis of trial results. Faba beans and field peas demonstrated variable performance
depending on site, with PBA Marne (faba bean) and PBA Pearl (field pea) proving to be the most
consistent in balancing protein and yield. These results offer valuable guidance on variety selection
based on production goals and market targets.

Economic modelling showed that lentils delivered the highest gross margins at Condowie and Tarlee,
while wheat and field peas were more profitable at Tooligie and Coomandook. However, for a future
pulse protein market to be competitive, premiums of $4—5/kg for raw protein would be necessary to
match current commodity returns especially for lentils and faba beans.

INTELLECTUAL PROPERTY

None
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APPLICATION / COMMUNICATION OF RESULTS

Main findings:

- A clear trade-off exists between grain yield and protein across all crop types.

- Environmental factors including temperature and some soil traits including exchangeable
sodium percentage (ESP) can affect grain protein percentage.

- Lentils led in grain protein yields particularly GIA Metro and GIA Thunder varieties.

- Protein yields for faba beans and field peas varied more by location with PBA Marne (faba)
and PBA Pearl (pea) being the most stable performers.

- Economic modelling showed lentils were most profitable at some sites, but field peas and
wheat outperformed others for grain yield alone.

- Findings indicate that pulse protein markets will require significant premiums ($4-5/kg) to be
viable alternatives to current grain markets.

Potential industry impact:

This research provides valuable insights into how environmental factors influence grain yield and
protein content in pulses, which is critical for positioning Australia as a competitive supplier in the
growing global plant-based protein market. By identifying the environmental factors that support
higher protein levels and identifying varietal traits that perform best under these conditions, this work
supports strategic crop selection and site-specific management for protein-focused markets.

Key potential industry impacts include:

- Improved market access: Clearer understanding of where and how to grow high-protein
pulses may enable Australia to develop a consistent, premium-quality supply for domestic
and export plant-protein markets.

- Greater grower confidence: Providing data-driven guidance empowers growers to confidently
diversify from cereals or other break-crop preferences into pulses based on profitability, yield,
and protein returns.

- Value chain development: A reliable, protein-focused pulse supply creates opportunities for
investment in local processing, segregation, and branding of Australian-grown plant protein.

- Sustainability and resilience: Pulse crops support soil health and rotation diversity while
offering new market pathways that are aligned with global sustainability trends.

Publications and/or extension articles:

In 2024, this project was communicated at the Mallee Sustainable Farming (MSF) grain legume crop
walk at the Coomandook field trial site in conjunction with GRDC Grain Legume Development and
Extension investment.

Subiject to the necessary approvals, future work could involve using data from the State Government-
funded project (2021-2022) and integrating with the dataset generated through the current SAGIT
project (2023-2024). This combined dataset would enable more comprehensive Multi-Environment
Trial (MET) and Principal Component Analysis (PCA), helping to build a more robust dataset and
strengthen the conclusions drawn.

Path to market for the results including barriers:

The findings can inform variety selection, site-specific agronomy, and crop planning tools to help

growers target high-protein pulse production. Extension through grower groups, agronomists, and
industry bodies will be key to ensuring the insights reach on-farm decision-makers. Results could
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also be shared with processors and marketers to build interest in segregated, protein-based pulse
markets and inform infrastructure investments (e.g. protein testing, processing capacity).

Barriers to Adoption:
- Lack of price incentives for high-protein pulses compared to commodity-grade product.
- Limited local processing infrastructure to handle or reward protein-focused pulse production.
- Knowledge gaps among growers about how environment and management influence protein.
- Market uncertainty around long-term demand and price stability for plant-based protein
products.

POSSIBLE FUTURE WORK

Future additional work that could help provide information with growers to meet future pulse protein
market.

- Increase pulse protein data availability across environments to help develop region-specific
protein price benchmarks based on production potential and input costs.

- Expand NVT based screening for yield, protein and environmental data across more seasons
and additional regions as currently pulse protein is not measured as part of the NVT.

- Investigate processing opportunities or partnerships with pulse protein manufacturers or export
markets.

- Explore genotype x environment x management (GxExM) interactions in more depth using
longitudinal datasets, such as testing how agronomic management practices impacts on pulse
protein levels.

- Develop management strategies and communicate with growers’ information to enable them to
meet a future pulse protein market.
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