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The objective of this project was to provide targeted research to optimise soil health, thus driving productivity through
enhanced nutrient availability and uptake and resilience to climate variability. The desired outcome was an apple and
pear orchard production system that maximises quality and yield with high nutrient use efficiency under increasingly
variable climates.

Two intensive research trials were established in Tasmania, demonstration sites with limited data collection were
established in New South Wales, South Australia and Western Australia. A further site in Victorian was established and
shared as part of project AP19002. All sites were used as demonstration sites for field walks in conjunction with Future
Orchards to facilitate communication and adoption of research findings.

This project has shown that it is possible to move towards a more regenerative approach in orchards by working with
natural systems and processes to build optimum soil and plant health, without the need to discard the best of
conventional farming methods, to maintain or improve production levels and quality. Natural systems allow for an
increase in biodiversity, providing natural control of pests, and building soil health. It is evident that biodiversity, both
above and below ground, is the key in the development of ecosystem services that enable a move away from reliance on
synthetic fertilisers and pesticides.

The orchard floor is a complex environment that has a major influence on crop productivity and quality. The plants of the
orchard floor provide a home and food source for pollinators, predators, and other beneficial insects above ground, and
strongly influence the diversity of arthropods (insects, millipedes, spiders, and earth worms) and microbes at the soil
boundary and below. Soil biology (macro- and meso-arthropods and micro-organisms) is the key to nutrient cycling, in
addition to influencing soil physical properties such as aggregation and water infiltration. A diverse orchard floor can give
the orchard resilience and balance both above and below ground, allowing the orchard to resist or rebound rapidly from
disturbances or the impact of climatic events such as high rainfall or drought.

Species selected for the orchard floor, whether in the inter-row or tree-line, need to be robust and resilient to traffic, but
not invasive or competitive, and provide shelter and a food source for beneficial arthropods without creating an
environment conducive to pest species and disease. Understanding the importance and complexity of the
interrelationships that occur within the orchard floor, both above and below ground, and nurturing these relationships
will increase orchard resilience and long-term productivity.

The timing of irrigation and nitrogen application, and the amounts applied, are key determinants of fruit quality and yield
in apple production. We partnered with SWAN Systems (Scheduling Water and Nutrients) who provide a web-based
irrigation and nutrient management program that includes water and nutrients pre-season planning tools, and live data
collection from in-field devices to track in-season weather, soil moisture, water use, and drainage. We investigated the
synergies between SWAN Systems and the SINATA tool (developed in PIPS 2, AP14023) by installing the SWAN platform in
five trial orchards, one in each growing region. Each grower reported that SWAN represented an accurate model of the
irrigation requirements for their blocks and that seeing SWAN’s outputs gave them confidence in the decisions they were
making.



Four components of work were undertaken for this project. These included:
1. Literature review (Appendix 1)
2. Intensive research trials in Tasmania (full report Appendix 2)
3. Regional research and demonstration trials (full report Appendix 3)
4. Integration of SINATA with Swan Systems platform (full report Appendix 4)

The report is structured according to these four components of work.

A desktop literature review was undertaken to explore the impact of soil and orchard floor management practices on soil
biology, nutrient availability, organic carbon capture, and potential reduction to the environmental footprint in apple and
pear production. A total of 206 scientific journal publications and reports were reviewed, and the knowledge gained used
to inform species selection for treatments in research and demonstration sites established as part of this project.

The review showed that it is possible to move away from conventional agriculture with its heavy reliance on pesticides
and synthetic fertilisers to a natural system that increases biodiversity, provides natural control of pests, and builds soil
health. The common misconception that sustainable agriculture means a return to old farming methods needs to be
addressed; use of the term biological or regenerative, rather than sustainable, brings the emphasis back to where farmers
need to be looking in the future. Regenerative farming works with natural systems and processes to build optimum soil
and plant health, while also incorporating the best of conventional farming methods to maintain production levels and
quality. Not all regenerative practices are suitable for perennial tree production, particularly in established orchards, but
lessons can be learnt from practices such as permaculture food forests and by referring back to natural ecosystems.
Biodiversity, both above and below ground, is the key in the development of ecosystem services that enable a move away
from reliance on synthetic fertilisers and pesticides.

Many orchardists in Australia have planted permanent grass swards in the inter-rows, but these can be improved by
increasing species diversity. Use of biocontrol methods for pest control is becoming increasingly common along with the
incorporation of compost into soil prior to planting new blocks. These practices are a good start to reinstating a healthy
ecosystem, but to become truly regenerative a paradigm shift is needed to enable a return to complex systems with
strong food webs and beneficial trophic interactions. There is the opportunity to design new plantings to include more
ecological functions that result in increased system self-regulation and decreased costs and environmental impacts.

Two research trial sites were established in Spring 2020 on a commercial orchard at Ranelagh in the Huon Valley (R&R
Smith Rookwood orchard). Trial 1 was established in a 12-year-old ‘Jazz’ block and Trial 2 in a newly planted block of
‘Morgana’ (‘Kazari’)/M26. Each trial block consisted of three inter-row treatments (grower standard grass/clover swards,
flowering meadow mix and a native seed mix) and three tree-line treatments (Trial 1 - herbicide strip, compost and a
grass/legume mix; Trial 2 — mow & throw, compost, hemp straw)). A range of soil physical, biological and chemistry
measurements were undertaken as well as fruit quality and tree growth assessments over a three-year period.

There was an overall trend towards an improvement in soil physical properties over the trial period under the orchard
floor management treatments. Bulk densities in the inter-row treatments were all lowered during the study period, falling
into the desirable range of 1.1-1.4 g/cm3 for sandy loams. Even the tractor ruts that started with high bulk density were
brought into the desirable range. Bulk densities in the tree-line were all lower than in the inter-row, with very little
variation in bulk density values for differing tree-line treatments. There was an improvement in hydraulic conductivity in
all inter-row treatments in both trial blocks. In the tree-line treatments there was no significant difference between
treatments for hydraulic conductivity (Keo), but over time all treatments showed a slight improvement in hydraulic
conductivity. All soils in the trial blocks were well structured/highly stable in the 1-2mm aggregates range. In the inter-
rows aggregate stability varied from 0-10% between treatments, and improved significantly over time, from moderate to
high in all but ‘Morgana’ Meadow mix and ‘Jazz’ Native mix treatments. There was 0-5% variation between the tree-line
treatments, and aggregate stability improved significantly over time in all but the Hemp straw and Mow & Throw
treatments.

Fungal and bacterial communities were affected by both inter-row and tree-line treatments, though no increase in soil



microbial carbon was as yet detectable. The increased soil microbial carbon and bacterial species richness in wetter plots
with compost treatments indicates that water may be a limiting factor that reduced potential effects of the applied
treatments. Additional sampling under wetter conditions may provide some clarification. Significant changes to microbial
biomass carbon may take longer than the time elapsed between application of treatments and sampling, particularly
where other factors may be limiting.

Over the three years of field trials, although the differences between treatments were small, the grass/legume treatment
in the tree-line was not detrimental to fruit quality in the first season (2022), but rather improved most fruit quality
parameters compared with the standard bare-earth herbicide treatment. Fruit from the grass/legume treatment showed
slightly more redness than the other treatments, and fruit from the compost treatment had the least redness. The
difference in fruit soluble solids content in the grass/legume treatment in the second season may be due to competition
as growth of the grass/legume plots was left unchecked. There were no significant differences observed between the
tree-line treatments for blossom density or crop load. There was no difference in mean fruit weight between the tree-line
treatments in 2022, but in the 2023 season fruit in the grass/legume tree-line plots was 11g lighter than in the herbicide
plots. One explanation for this difference is that the grass in this season was well established and growing vigorously and
hence was competing with the trees for water and nutrients — potentially if these plots had been mown regularly there
may have been no effect.

Regional demonstration sites were established in different growing regions across Australia to support the intensive trial
work undertaken in Tasmania. It also provided the opportunity for local examples accessible to growers that showcased
how different orchard floor management practices influenced soil health, tree health and nutrition, fruit yield and quality,
The demonstration sites, with limited data collection, were established in New South Wales, South Australia and Western
Australia, the Victorian site was part of the PIPS3 project AP19002 — Strengthening cultural and biological management of
pests and diseases on apple and pear. Key learnings from these trials were:

e [tis extremely difficult to establish natives in the orchard without a long lead in time (at least two years of
intensive work to remove the seed bank) as their slow growth rate makes it difficult for them to compete.
Ensuring adequate irrigation in the establishment phase is critical.

e Autumn is preferable for sowing of both inter-row and tree-line treatments as access in Spring can be difficult
due to wet soil conditions, and growers cannot avoid tractor traffic in the inter-rows in Spring.

e The compost and grass/legume treatments in the tree-line provided a physical addition of organic material,
which breaks down to organic carbon in the system. Soil carbon can improve the activity and biodiversity of
microorganisms in the soil.

e The tree-line grass/legume treatment showed the highest microbial respiration rate. Keeping the soil bare
exposes organisms to temperature fluctuations and soil erosion; ground cover in the tree-line is important to
protect soil microbes.

e Herbicide needs to be applied regularly throughout the season to maintain a bare strip in the tree-line - constant
chemical application is a large expense for the grower, a health risk for workers and herbicide resistance can
occur.

e Compost/mulch is effective in suppressing weeds, but success of this treatment was dependant on the amount
of coverage and ‘thickness’ of application - in areas that didn’t get an even coverage, weeds and grasses were
able to establish under the trees.

Apple crop yield and quality depend on irrigation and fertiliser application. A Strategic Irrigation & Nitrogen Assessment
Tool for Apples (SINATA) was developed in Microsoft Excel by TIA to aid with pre-season planning of these inputs for key
apple growing regions in Australia. SWAN Systems is a web-based application that facilitates fertiliser and irrigation
planning for any crop. SWAN also ingests live data feeds from a wide range of devices and analyses the data based on
crop water usage models, soil type and irrigation system characteristics to provide daily recommendations of irrigation
requirements. SWAN tracks key metrics such as soil moisture status and drainage. SWAN systems has a crop library that
includes industry-standard crop coefficient models for apples, and these can readily be customised for different season
lengths and locations.



The goal was to investigate whether the SINATA pre-season planning tool could be implemented via SWAN to provide
growers with the added benefit of current season, real time tools for irrigation and nutrient management of apples. This
project represents a first step to incorporating the SINATA planning tool into SWAN. Both systems incorporate the
irrigation design, local weather, water budgeting, crop water use models and fertiliser planning based on plant nutrient
uptake curves. Five orchards in different apple-growing regions were selected for the project and provided complete
irrigation records either by feeds collected automatically by SWAN from irrigation controllers or by manual upload of flow
data to SWAN. All the orchards had soil moisture probes installed in two or more blocks and onsite rainfall records were
obtained via existing manually read gauges or automatic weather stations. Each grower reported that SWAN represented
an accurate model of the irrigation requirements for their blocks and that seeing SWAN’s outputs gave them confidence
in the decisions they were making. SWAN still requires the apple nutrient uptake model to be added to its library for full
planning functionality.

Apples, soil health, soil physical properties, soil biology, compost, nitrogen, irrigation, SINATA, SWAN Systems, cover
crops



Apples and pears are grown in all Australian states and production has been relatively stable over the last three years,
with approximately 310,000 tonnes of apples and 110,000 tonnes pears produced annually. The industry is looking to
develop environmentally sound and sustainable production practices that will continue to meet consumer demands and
inspire public confidence, ensuring that the apple and pear industry has social license to continue production in the
future. There is a growing appreciation of the integral importance of soil life and plant-symbiotic interactions in
agricultural sustainability and healthy soils.

We now have a strong physiological understanding of apple tree seasonal nitrogen (and other macro nutrients) and water
use dynamics and its influence on fruit quality. We needed to incorporate this understanding with better knowledge of
the factors that drive soil health, nutrient and water availability for resilient ecosystem services, especially under climate
variability and drought scenarios. Research into sustainable orchard management practices will improve our
understanding of the impact of fertiliser application, soil amendments and orchard floor management on soil health
indicators such as physical structure, biology, chemistry, and consequences for tree health, growth, productivity and fruit
quality.

Sustainable orchard management aims to meet the production goals of the grower/industry without compromising the
ability to meet these goals in the future. This strategic approach requires methods to improve soil health, maximise water
and nutrient use efficiency, minimise pest and disease incursion and reduce the overall environmental footprint of the
orchard. Methods for sustainable orchard management can include inter-row sward and tree-line cultivation with easy to
grow nectar-rich native plant species, legumes, grasses and green manures, as well as adding soil amendments such as
manuring and composting. These methods, when implemented correctly and integrated into the grower tool kit, aim to
reduce the chemical inputs required for apple orcharding from synthetic fertilisers, pest and disease sprays and weed
control.

Many growers are already successfully implementing sustainable orchard management practices that include the
application of soil amendments and inter-row sward and tree-line cultivation. Whilst these management practices may
help mitigate variation within and between orchard blocks, the benefits (above and below ground) of various approaches
are not well understood, are difficult to demonstrate and will vary substantially between seasons, soil types and regions.
There is a substantial knowledge gap on how the presence and function of beneficial organisms are promoted (or
inhibited) by orchard management practices and how they interact with trees to increase tree water and nutrient-uptake,
especially under drought conditions. Consequently, there is uncertainty on which management practice might be best
suited to particular soils, sites and site histories and how best to implement the approach.

The research undertaken in this project will assist with determining how and which sustainable orchard management
methods best achieve soil health and resilience outcomes whilst maintaining high yields and fruit quality standards in
commercial orchard production. This research will identify the biological, structural and chemical indicators for soil health
and determine how these relate in distinct regions and soil types.

Biological indicators may include: (i) increasing the presence and abundance of mycorrhizal fungi inoculating tree roots
that directly facilitate tree water and nutrient uptake; (ii) increased microbial diversity and activity that improves soil
mineralisation and nutrient availability for root uptake; (iii) increased abundance of soil and understorey meso/macro
invertebrates; (iv) increased presence of predatory invertebrates to reduce invasive pest incursion and (v) nectar
providing species that support native and feral insects acting as potential pollinators.

Structural indicators may include (i) increased soil organic carbon providing greater water holding and cation-exchange
capacity of the soil and to support mineralisation and the presence and abundance of mycorrhizal fungi; (ii) reduced
aggregation and crusting and improved infiltration, drainable porosity and readily available soil water.

Chemical indicators may include (i) increased plant available nutrient content of the soils; (ii) altered ratios of bound
versus plant-available nutrients to enable plant uptake through increased mycorrhizal activity and (iii) improved electrical
conductivity (EC), pH, cation exchange capacity (CEC), nutrient ratios and reduced Al content characteristics, all of which
can act as nutrient uptake inhibitors.

With these indicators, it is important to recognise that there is a difference between changed and improved soil
properties due to a treatment. We must be able to demonstrate to growers and advisors that this management approach
can be used to mitigate spatial and temporal variability in orchard blocks and that changes to these indicators lead, at a
minimum, to maintenance of, but preferably quantifiable improvements in, resource use efficiency, tree heath, fruit yield



and quality outcomes. This project has adopted a systems approach with consideration given to how outputs can be
integrated with other aspects of orchard management. Specifically, project outcomes integrate industry growing system
practices with new knowledge of management for soil health and resilience. Given the increasing evidence of the
devasting impacts of climate and weather extremes, the research activities are considered within the context of a
changing climate and increased climate variability.

The timing of irrigation and nitrogen application, and the amounts applied, are key determinants of fruit quality and yield
in apple production. The University of Tasmania, along with leading industry bodies, developed SINATA (Strategic
Irrigation & Nitrogen Assessment Tool for Apples) to help apple growers with irrigation and nitrogen planning. SINATA is
an Excel-based tool that considers apple cultivar, age, orchard layout, and irrigation strategy to provide estimates of
weekly irrigation requirements for major apple growing regions based on historical climatic data. It also provides a
nitrogen balance calculation for a range of local soil types based on inputs (fertiliser, leaf fall, mineralisation, etc.) and
outputs (off-take in fruit, leaching, and volatilisation).

SWAN Systems (Scheduling Water and Nutrients) is a web-based irrigation and nutrient management program that
includes water and nutrient pre-season planning tools, and live data collection from in-field devices to track in-season
weather, soil moisture, water use, and drainage.

SINATA and SWAN are complementary and share some similar models. Like SINATA, SWAN is fully configurable for soil
type, irrigation system, and crop characteristics. SWAN is generally applicable to all crop types, including apples. On the
irrigation side, the primary difference is that SINATA is a pre-season planning tool based on seasonal averages, while
SWAN uses live data to calculate daily soil moisture balance and provides a soil moisture forecast to facilitate irrigation
decision support for the week ahead. For nutrients, SWAN allows full nutrient program planning based on targets for each
element and users can record actual nutrient applications for comparison and reporting against the budgets. SINATA is
unique in providing an estimate of likely annual Nitrogen-balance via models based on climatic averages and intended
irrigation strategies.

SWAN partnered with the University of Tasmania to investigate the synergies between the two platforms and investigate
options for implementing SINATA via SWAN to make the apple-specific SINATA planning tools accessible via SWAN’s
universal interface and provide growers with current season, real time tools for irrigation and nutrient management of
apples.



Two research trial sites were established in Spring 2020 on a commercial orchard at Ranelagh in the Huon Valley (R&R
Smith Rookwood orchard. Trial 1 was established in a 12-year-old ‘Jazz’ block and Trial 2 in a newly planted block of
‘Morgana’ (‘Kazari’)/M26. Both blocks were on sandy loam soils, with a north-south row orientation. Inter-row spacing in
both blocks was 3.5 m with 1.0 m tree spacing within the row. Each trial block consisted of three inter-row treatments
and three tree-line treatments with five replicates per treatment. Trial design was a randomised complete block.
Treatments are shown in Table 1.

Table 1: Inter-row and tree-line treatments in the intensive trial blocks

Trial 1 -Mature ‘Jazz’ block Trial 2 — Newly planted ‘Morgana’ block
Inter-row treatments

1. Grower sward 1. Grower sward

2. Flowering meadow mix 2. Flowering meadow mix

3. Native flowering mix 3. Legume/grass mix
Tree-line treatments

1. Herbicide strip 1. Mow & throw

2. Compost 2. Compost

3. Legume/grass mix 3. Hemp straw

A bare earth / herbicide strip in the tree line was adopted as the control in the established ‘Jazz’ block as it is normal
practice in most orchards. In the newly planted ‘Morgana’ block the grass/legume tree-line treatment was replaced with
hemp straw to avoid root competition. The flowering meadow and native flowering mixes were aimed at providing
habitat and a food source for bees and beneficial insects (Refer to Appendix 2, Table 2 for details).

Planting of trial treatments were delayed due to wet conditions in August/September and challenges in obtaining seed, as
most suppliers were either out of stock or had limited supplies. As the ground in Trial 2 was already worked up from
planting the trees in this block in July 2020, Trial 2 was sown first. The inter-rows in the trial section were harrowed on
27t October 2020 and seed was broadcast by hand 29t October 2020 followed by a light harrow. The inter-rows and
tree-lines in the established ‘Jazz’ trial block were sprayed with knockdown herbicide on 2™ November 2020 and inter-
rows cultivated on 10" November. Seed was sown by hand broadcasting and the inter-rows harrowed on 10™" November.
Due to dry conditions during late spring and summer, seed germination and establishment was very patchy, so inter-row
treatments were reseeded in August 2021.

Except for the Microleana stipoides native grass, the native species in the native flowering mix treatment were planted
out as plugs in June 2021 after starting from seed in the greenhouse. Seed of Microleana stipoide was on backorder and
not received until August 2021, so was broadcast by hand once it was received.

The tree-line grass/legume plots were prepared by raking, seed was broadcast by hand and lightly incorporated into the
soil by raking to encourage germination. The tree-line grass/legume treatment established well, however was accidently
sprayed off with herbicide in January 2021 during routine orchard weed control by orchard staff, so was resown in
autumn 2021. The remaining tree-line treatments were set up in early 2021. Compost was provided by Nic Hansen from
Cherries Tasmania. Hemp straw was donated by Andi Lucas at X-Hemp Pty Ltd. As the ‘Jazz’ block went into conversion
from conventional to organic six months after trial establishment, the organic approved herbicide Slasher (525 g/L
nonanoic acid, Organic Crop Protectants Pty Ltd) was applied in the herbicide tree-line treatment plots. Organic matter
for the mow & throw treatments was gathered whenever the orchard was mown and distributed across the relevant
plots.

Soil sampling

Soil sampling was undertaken at periods throughout the project to enable determination of soil physical parameters, soil
chemistry, soil microbiology, arthropod populations, pest damage, tree growth and fruit quality (refer to Appendix 2,



Table 3 for details). Soil samples were collected from both trial blocks in May 2021 and 2023. A total of six cores were
collected from each plot, vegetation removed and cores thoroughly mixed for each plot before oven drying. Inter-row and
tree-line treatments were sampled separately. In 2021 all samples were pooled for each treatment, while in 2023 samples
were kept separate for each plot. Samples were forwarded to CSBP Soil and Plant Analysis Laboratory for analysis. Soil
samples were collected from each of the tree-line and inter-row plots in early September 2022 and in May 2023 and
returned to the soil physics laboratory for analysis of bulk density, moisture content, aggregate stability, infiltration rate,
hydraulic conductivity, mean pore size and contribution of pore size to maximum flow.

Samples were also taken from tree-line and inter-row soil in January 2022 and separated into the upper and lower halves
of 150mm cores. Subsamples were taken for soil moisture content, microbial biomass carbon (extractable in K2S04) and
estimated by Microbiometer™, volatile organic compounds, fungal biomass, bacterial and arbuscular mycorrhizal fungal
biomass (estimated by qPCR) and fungal and bacterial community composition. Worm counts of both tree-line and inter-
row plots were undertaken in September 2022 in both the 15-year-old ‘Jazz and 2-year-old ‘Morgana’ blocks.

Detailed methodology and data analysis of soil sampling is described in Appendix 2.
Arthropod sampling

Arthropod assessments were completed in the ‘Jazz’ trial block in collaboration with the PIPS3 project AP19002. Earwig
traps, sticky cards, and Delta (pheromone) traps for codling moth and Light Brown Apple Moth were set up in the trees.
Pitfall traps were installed in both the tree-line and inter-row. Traps were monitored for one week every month during
the growing season.

Fruit quality assessments

The ‘Morgana’ trees were in second leaf in the 2021/22 season and hence were not cropping; these trees carried a small
crop in the 2022/23 season, but there was insufficient fruit for fruit quality assessments. Trees in the established ‘Jazz’
block were harvested at normal commercial fruit maturity in early April 2022 (2021/22 season) and 2023 (2022/23
season); fruit numbers were counted prior to harvest on two tagged trees in the centre of each trial plot (90 trees in total)
and a sample of 40 fruit collected from the eastern side of these trees.

Fruit samples were returned to the laboratory, weighed and mean fruit weight determined for each sample tree. A
subsample of 25 defect-free fruit was randomly selected from each tree for laboratory analysis of fruit quality and
maturity. Parameters assessed included weight, diameter (D), length (L), skin chlorophyll content (DA Index), flesh
firmness, total soluble solids (TSS) content, starch pattern index (SPI) and percentage dry matter content (DMC) (detailed
methods described in Appendix 2).

Regional demonstration sites were established in different growing regions across Australia to support the intensive trial
work undertaken in Tasmania. It also provided the opportunity for local examples accessible to growers that showcased
how different orchard floor management practices influenced soil health, tree health and nutrition, fruit yield and quality,
The demonstration sites, with limited data collection, were established in New South Wales, South Australia and Western
Australia, the Victorian site was part of the PIPS3 project AP19002 — Strengthening cultural and biological management of
pests and diseases on apple and pear.

The treatments established in each region included a range of tree-line cover crops, composts, mulches and herbicide
bare-earth strip; inter-row plantings included native herbaceous and/or grass mix, flowering meadow mix, and
grass/legume mixes.

Treatments and species used reflected regional priorities and soil, climatic and management system differences to assist
with:

- identification of the biological, structural and chemical indicators for soil health, including relationship to
regional and soil type differences, and assessment methods;

- improving understanding of the interaction between management practices, soil health, nutrient availability,
water availability, pest and disease control and fruit productivity/quality;

- measuring the impact of sustainable orchard floor management on the presence and function of mycorrhizal
fungi and the organic carbon content of the soil;

- providing a better understanding of the relationships between soil health, tree health, growth and fruit yield,
productivity and quality; and



- addressing grower perceived impediments to adoption including water requirements, herbicide and fungicide
use, tractor movements and fire risk.

Further details for the establishment and monitoring of each regional trial site is presented in Appendix 3

Five orchards in different apple-growing regions were selected for the project (Table 2). The Shepparton farm (Plunkett)
was devastated by hail in December 2022 and will not be analysed further. The remaining orchards provided complete
irrigation records either by feeds collected automatically by SWAN from irrigation controllers (Fontanini and Oakleigh) or
by manual upload of flow data to SWAN (Squibb and Tingira). All the orchards had soil moisture probes installed in two or
more blocks and onsite rainfall records were obtained via existing manually read gauges or automatic weather stations.

Table 2. Orchards participating in the SWAN trial for PIPS3.

State, Region Orchard Blocks Ha Irrigation data Devices

WA, Manjimup Fontanini 8 11.8 Controller (MAIT) 2 probes, rain gauge

SA, Lenswood Oakleigh 14 8.6 Controller (Netafim) 2 probes, AWS

Tas, Spreyton RW Squibb 19 19.5 Manual records 3 probes, rain gauge
NSW, Batlow Tingira 23* 22.3 Manual records 2 probes, rain gauge, AWS
Vic, Shepparton  Plunkett 10 30.5 n/a n/a

Growers followed their normal nutrient programs. The nutrient applications were recorded in SWAN. SWAN was used to
compare the timing of nutrient application with irrigation, rainfall, and predicted drainage. SWAN’s outputs were derived
from live data for the current season. The actual Nitrogen applications and crop yields were added into the SINATA sheet
at the end of the season. SINATA was configured to match the blocks being analysed (location, weather source, soil type,
crop age, irrigation system details, spacings). The SINATA output was thus based on inputs of actual yields and fertiliser
applications analysed against long-term weather averages. Further details provided in Appendix 4.



The literature revealed that it is possible to move away from conventional agriculture with its heavy reliance on pesticides
and synthetic fertilisers to a natural system that increases biodiversity, provides natural control of pests, and builds soil
health (Appendix 1). The common misconception that sustainable agriculture means a return to old farming methods
needs to be addressed; use of the term biological or regenerative, rather than sustainable, brings the emphasis back to
where farmers need to be looking in the future. Regenerative farming works with natural systems and processes to build
optimum soil and plant health, while also incorporating the best of conventional farming methods to maintain production
levels and quality. Not all regenerative practices are suitable for perennial tree production, particularly in established
orchards, but lessons can be learnt from practices such as permaculture food forests and by referring back to natural
ecosystems. Biodiversity, both above and below ground, is the key in the development of ecosystem services that enable
a move away from reliance on synthetic fertilisers and pesticides.

Many orchardists in Australia have planted permanent grass swards in the inter-rows, but these can be improved by
increasing species diversity. Use of biocontrol methods for pest control is becoming increasingly common along with the
incorporation of compost into soil prior to planting new blocks. These practices are a good start to reinstating a healthy
ecosystem, but to become truly regenerative a paradigm shift is needed to enable a return to complex systems with
strong food webs and beneficial trophic interactions. The starting point is to increase biodiversity within the orchard, and
simple methods for achieving this include:

- increasing soil organic matter

- diversifying orchard floor vegetation

- use of cover crops

- mulching in the tree row

- mow and blow inter-row vegetation into the tree row

- reducing frequency of mowing

- planting hedgerows around the orchard and/or between blocks
- planting of multiple tree species

- use of biocontrol strategies rather than pesticides

There is the opportunity to design new plantings to include more ecological functions that result in increased system self-
regulation and decreased costs and environmental impacts. Redesign is a difficult change to make it yields the most
sustainability improvement per unit of change; we need to “connect the dots” to maximise the benefits of existing
knowledge and to determine what future research needs to be undertaken for specific situations.

Soil physical results demonstrate an overall trend towards an improvement in soil physical properties. Detailed results for
each of the soil parameters measured are described in Appendix 2.

Bulk densities in the inter-row treatments were all lowered during the study period, falling into the desirable range of 1.1-
1.4 g/cm3 for sandy loams. Even the tractor ruts that started with high bulk density were brought into the desirable range.
Bulk densities in the tree-line were all lower than in the inter-row, with very little variation in bulk density values for
differing tree-line treatments. There were reductions in Keo in all inter-row treatments in both the ‘Morgana’ and ‘Jazz’
blocks — a reduction represents an improvement in hydraulic conductivity. A significant large improvement was observed
in K10 in the inter-rows in both the ‘Morgana’ and ‘Jazz’ blocks (Table 3). In the tree-line treatments there was no
significant difference between treatments for Keo, but over time all treatments showed a slight improvement (decrease).
As for the inter-row treatments, there were significant large improvements to Kio in all three tree-line treatments in both
blocks between 2022 and 2023 - this is a desirable finding. All soils in the trial blocks were well structured/highly stable in
the 1-2mm aggregate size range. In the inter-rows variation between treatments for aggregate stability was 0-10%, with a
significant improvement over time, from moderate to high in all but the ‘Morgana’ Meadow mix and ‘Jazz’ Native mix
treatments. There was 0-5% variation between the tree-line treatments, and aggregate stability improved significantly
over time in all but the Hemp straw and Mow & Throw treatments.



Table 3 The impact of tree-line treatments on soil water infiltration, hydraulic conductivity and worm numbers in a 15-year-old ‘Jazz’
apple block

Tree-line Infiltration -10 Hydraulic conductivity Hydraulic conductivity Worm #
treatment (mm/hr) -10 (mm/hr) -60 (mm/hr)

Herbicide 52.2° 13.42 5.3° 2.1°
Compost 22.4° 45° 2.0° 2.1°
Grass/Legume 46.7 % 11.3°2 482 9.32
Fprob 0.055 0.028 0.041 <0.001
Lsd (p<0.05) 25.68 6.74 2.7 2.99

No significant effects of tree-line or inter-row treatments were detected on soil moisture or microbial biomass carbon,
though microbial biomass carbon was elevated under compost treatments with higher moisture levels. PERMANOVA
main test indicated that bacterial community composition differed among the soil treatments (P=0.0001), but pairwise
tests did not differentiate bacterial community composition under different cover crops in the inter-row. In the ‘Jazz’
block, the two tree-line treatments, compost and grass/legume, supported different bacterial communities to the bare
treatment but were not significantly different from each other. In the ‘Morgana’ block, the compost treatment differed
significantly from the other two treatments. All tree-line treatments were significantly different from all inter-row
treatments.

Fungal communities differed significantly among treatments. Both grower and meadow mix treatments differed from the
control treatment in the ‘Jazz’ inter-rows, but not from each other. Similarly, meadow mix differed significantly from both
grower mix and fescue/legume, but the latter two were not significantly different from each other in the ‘Morgana’ inter-
rows. Among the tree-line treatments, the bare-earth treatment was significantly different from both the compost and
grass/legume treatments, but these two were not significantly different. All but two of the tree-line treatments in the
‘Morgana’ block were significantly different from each other at p<0.05. In addition, the fungal communities under
compost differed between inter-row treatments, but hemp straw and mow & throw did not. All inter-row fungal
communities were distinct from tree-line fungal communities. Fungal and bacterial communities were affected by both
inter-row and tree-line treatments, though no increase in soil microbial carbon was as yet detectable. The increased soil
microbial carbon and bacterial species richness in wetter plots with compost treatments indicates that water may be a
limiting factor that reduced potential effects of the applied treatments. Additional sampling under wetter conditions may
provide some clarification. Significant changes to microbial biomass carbon may take longer than the time elapsed
between application of treatments and sampling, particularly where other factors may be limiting.

In the older ‘Jazz’ block, the number of worms found in the living grass/legume mulch was 440% higher than in the
compost mulch or herbicide treatments. In the ‘Morgana’ block there was no significant difference in worm number
between the compost mulch, hemp straw mulch or mow & throw mulch tree-line treatments. There was no difference in
worm numbers between any of the inter-row treatments in either the ‘Jazz’ or ‘Morgana’ blocks.

There were no significant differences between the tree-line treatments in initial tree size (measured as trunk cross-
sectional area in September 2021) in either the ‘Jazz’ or ‘Morgan’ trees. Tree-line treatments had no effect on tree
growth, measured as increase in trunk circumference and trunk area, in either cultivar. These results were not
unexpected as this was the first full season following application of treatments, and it can take several years for the
impact of soil treatments to carry through to tree growth.

There were no significant differences observed between the tree-line treatments for blossom density or crop load
(measured as number of fruit per 100 blossom clusters and number of fruit per cm? trunk cross-sectional area. These
results were not unexpected as this is the first full season following application of treatments, and as noted above, it can
take several years for the impact of soil treatments to carry through to tree growth and yield. There was no difference in
mean fruit weight between the tree-line treatments in 2022, but in the 2023 season fruit in the grass/legume tree-line
plots was 11g lighter than in the herbicide plots (Table 4). One explanation for this difference is that the grass in this
season was well established and growing vigorously and hence was competing with the trees for water and nutrients —



potentially if these plots had been mown regularly there may have been no effect. This is worth exploring in future
studies.

There was no difference between treatments in fruit shape, represented by L/D ratio, in either season. There were,
however, small but significant differences in other fruit quality parameters, although these differences were not always
consistent across the two seasons (Table 4). Both fruit TSS and DMC were higher in the grass/legume treatments than in
the compost or herbicide treated plots in the 2022 season, but in the 2023 season TSS was lower while there was no
difference in DMC. Fruit firmness was higher in the grass/legume treatment compared with the herbicide treatment in
both seasons, while fruit in the compost treatment showed the lowest firmness in the 2022 season and the highest
firmness in the 2023 season. Fruit chlorophyll content (DA Index) was lower in the grass/legume treatment in the 2022
season, but in the 2023 season this was higher in the grass/legume treatment compared to the herbicide control. SPI
showed a slower rate of conversion of starch to sugar in the grass/legume treatment across both seasons.

Although the differences between treatments were small, it is interesting to note that grass/legume in the tree-line was
not detrimental to fruit quality in the first season (2022), but rather improved most fruit quality parameters compared
with the standard bare-earth herbicide treatment. The difference in fruit soluble solids content in this treatment in the
second season may be due to competition as growth of the grass/legume plots was left unchecked (noted above for tree
growth).

Table 4: The effect of different tree-line treatments on fruit quality parameters in Trial 1 (‘Jazz’ apple)

Treeline Mean fruit wight (g) Soluble solids (°Brix) Dry matter content (%)
treatment 2022 2023 2022 2023 2022 2023
Herbicide 134 1369 a 12.04°" 12.9° 14.59°" 15.06
Compost 137 1394 a 12.10°" 12.8% 14.63°" 15.07
Grass/Legume 132 1259b 12.39° 12.7° 14932 15.02
Fprob 0.362 0.001 <0.001 0.003 0.006 0.953
Lsd (p<0.05) ns 7.56 0.087 0.13 0.227 ns
Firmness (kg) DA Index Starch pattern index
2022 2023 2022 2023 2022 2023
Herbicide 9.41" 9.24°¢ 0.47° 0.29° 4.44° 5.392
Compost 9.28 ¢ 9.38°2 0.59° 0.24°¢ 4.23°b 5.452
Grass/Legume 9.66°2 9.36" 0.38¢ 0.43°2 4.02¢ 5.25°
Fprob <0.001 0.028 <0.001 <0.001 <0.001 <0.001
Lsd (p<0.05) 0.107 0.112 0.027 0.035 0.113 0.075

Within each column, means followed by different letters are significantly different according to the LSD means comparison test at p = 0.05.
DA = delta absorbance

For fruit colour (Table 5), the L* values are in the mid-range for all treatments. Fruit from the grass/legume treatment
showed slightly more redness (a* and hue angle) than the other treatments, and fruit from the compost treatments had
the least redness.

Table 5: The effect of different tree-line treatments on fruit skin colour in Trial 1 (‘Jazz’ apple) in the intensive research trial at
Ranelagh, Tasmania

L* a* b* Chroma Hue angle
Herbicide 42.29" 32.53° 22.12° 40.1° 06°
Compost 43.98° 28.84°¢ 23.91° 38.3¢ 0.7°
Grass/Legume 40.64 ¢ 34.79° 20.58 ¢ 40.7 2 0.5¢
Fprob <0.001 <0.001 <0.001 <0.001 <0.001
Lsd (p<0.05) 0.637 0.816 0.442 0.51 0.02

Within each column, means followed by different letters are significantly different according to the LSD means comparison test at p = 0.05.

Fruit damage assessments were completed in Trial 1 (Jazz’) on 4™ April 2022, approximately two days prior to harvest.
Overall, fruit damage was relatively low across the block (mean + SEM, 4.48 + 0.3%). The observed damage was largely
caused by weevils, apple scab (Venturia inaequalis), and codling moth (Cydia pomonella) stings with very low levels of
thrip damage observed. Weevil damage was the predominant damage type (54.9%) followed by codling moth (20.5%) and
apple scab (11.9%). No codling moth larvae were observed in any of the fruit assessed indicating the efficacy of the



repeated organic insecticide applications (Bacillus thuringiensis & Cydia pomonella granulovirus) used in early December
in preventing larval tunnelling but not fruit damage. The weevil damage is believed to have been initiated by garden
weevils (Phlyctinus callosus) as this was the only species - all be it in relatively low numbers - observed during the
production season at the ‘Rookwood’ conservation biocontrol field site.

Although preliminary analysis of fruit damage indicated no significant difference in the total damage observed between
the three interrow treatments (H = 11.780, P = 0.203), differences in damage type were significant. Significant differences
in the levels of codling moth stings (H = 5.897, P = 0.024) and apple scab lesions (H = 9.000, P = 0.028) differed between
the three inter-row treatments, with higher levels of damage observed within the exotic flowering meadow inter-row
treatment. No difference was observed between the standard grower sward and the native species mix.

No significant difference was observed in total damage (H = 5.048, P = 0.080), weevil damage (H = 3.140, P =0.208) or
codling moth stings (H = 3.849, P = 0.146) between the three tree-line treatments. However, a difference was observed in
apple scab incidence (H = 11.083, P = 0.004) with greater scab incidence in the compost tree-line treatments. No
significant interaction was observed between the interrow and tree-line treatments in any of the damage types observed
or total damage occurrence.

Changes to soil properties and detailed fruit quality outcomes across the three regional trial sites are presented in
Appendix 3. The demonstration sites in each region have provided growers with a basic understanding of the impact of
different soil ameliorants on soil health and nutrition. Further investigation into the establishment of these treatments
and how they may impact growers economically would be beneficial. There is a definite improvement in soil when
introducing mulch, compost and cover crops, but it is unknown how viable they are in a grower’s bottom line. A summary
of key learnings from the regional trial sites is presented below:

e |tis extremely difficult to establish natives in the orchard without a long lead in time (at least two years of
intensive work to remove the seed bank) as their slow growth rate makes it difficult for them to compete.
Ensuring adequate irrigation in the establishment phase is critical.

e Autumn is preferable for sowing of both inter-row and tree-line treatments as access in Spring can be difficult
due to wet soil conditions, and growers cannot avoid tractor traffic in the inter-rows in Spring.

e The compost and grass/legume treatments in the tree-line were a physical addition of organic material, which
break down to organic carbon in the system. Soil carbon can improve the activity and biodiversity of
microorganisms in the soil.

e The tree-line grass/legume treatments showed the highest microbial respiration rate. Keeping the soil bare
exposes organisms to temperature fluctuations and soil erosion; ground cover in the tree-line is important to
protect soil microbes.

e Herbicide needs to be applied regularly throughout the season to maintain a bare strip in the tree-line - constant
chemical application is a large expense for the grower, a health risk for workers and herbicide resistance can
occur.

e Compost/mulch treatment is effective in suppressing weeds, but success of this treatment was dependant on the
amount of coverage and ‘thickness’ of application - in areas that didn’t get an even coverage, weeds and grasses
were able to establish under the trees.

e  One drawback of compost is the rapid break down and need to re-apply each season, which is costly for the
grower.

e Tall tree-line cover crops that grow to heights reaching the bottom branches of the tree can create an easy
access for pests, create a more humid environment for trees and can pose a significant bushfire risk.

e Growers found it difficult to allow the inter-row to grow freely and allow plants to flower and seed. This meant
that it was difficult to see the full benefits of the inter-row sward treatments. A key learning from this is that it is
a change in mind-set for growers to allow the inter-row sward to grow to a height without mowing, and an
informative process will need to happen to support growers to adapt in practice change in this regard.



Full results and discussion of the integration of SWAN with SINATA is provided in Appendix 4. SWAN maintained regular
contact with growers. This involved calls with the growers to discuss the data and recommendations produced by the
system, and at least three detailed reviews with each grower during the season. SWAN support was available at any time
to answer questions or check data feeds. The detailed reviews were conducted at strategic times in the season via Teams
conference calls and used screen-sharing. The first detailed review was in December and was conducted to discuss and
review the setup of the sites, irrigation system parameters, data feeds, etc. This review was to ensure the account was
calibrated and “ground-truthed” against probes, grower feedback, etc. This first session was also the first training session,
familiarising the grower in the key aspects of the SWAN program, namely SWAN'’s soil moisture modelling principles,
interpreting the soil moisture charts, and using SWAN for daily scheduling. This session occurred prior to commencement
of irrigation in 3 of the 4 orchards.

The second review was timed to occur 2-3 weeks after irrigation-proper had begun. The session reinforced the subjects
and training provided in the first and was also used to cover more advanced questions from the growers, and for SWAN
to fine tune crop water use modelling to fit the timings of cultivars in each block. The final session was a post-season
wrap-up with the Tasmanian Institute of Agriculture represented by Nigel Swarts. This session took in a detailed analysis
of the season’s data, reviewed water usage, timing of fertiliser application, drainage and the SINATA predictions for the
N-balance of selected sites, as shown in the report. It included a discussion about the usage of SWAN during the season,
which is covered below. A full review of the season’s data and settings typically forms the basis for rolling over the SWAN
setup for the next season. The initial season thus forms the blueprint, and subsequent seasons require much less direct
support.

All the growers regularly logged into and reviewed their accounts in SWAN, though the frequency of logins varied.
SWAN’s login data (anonymised below, and in no particular order), shows the number of distinct days on which each of
the growers logged into the platform. Logins were concentrated in the irrigation months. There were different
approaches to using the system. A common theme was that the growers reported they were keen to see how the system
worked and to be sure they trusted it before directly following the irrigation recommendations. All reported that SWAN
represented an accurate model of the irrigation requirements for their blocks and that seeing SWAN’s outputs gave them
confidence in the decisions they were making. Likewise, they stated that they would have greater confidence to use the
system to guide irrigation in subsequent seasons.

Grower 1 logged into SWAN almost daily and reported great confidence in the SWAN dashboard, and that it provided
good guidance and confirmation that he was on the right track for his irrigation practice. Grower 2 ran his standard
approach for the season and reported being happy to monitor progress with SWAN and see how it compared with the
standard approach. He logged into SWAN about once per week during the irrigation period and regretted being especially
time-poor this season due to various infrastructure issues. He was very interested to run SWAN for another year and use
SWAN more fully to inform irrigation decisions.

Grower 3 reported being satisfied with the accuracy of SWAN’s soil moisture predictions and regularly accessed the
system to confirm moisture status. Irrigation requests were communicated to staff via the app. His aim would be to
follow SWAN’s recommendations fully next season. Similarly, Grower 4 acknowledged the confidence that SWAN Systems
gave him in irrigation decisions.

Due to rainfall, there was no significant irrigation at any of the properties before December 2022. Irrigation had typically
finished by late March or early April 2023. Water use and rainfall during the period of irrigation is shown in Table 5.

Table 5. Water use and rainfall during period of irrigation (Dec 2022 — Apr 2023)

State, Region Orchard Rain (mm) Irrig (kL/ha) Min (kL/ha) Max (kL/ha)
WA, Manjimup Fontanini 187 3600 3225 3730
SA, Lenswood Oakleigh 189 2950 1935 3553
Tas, Spreyton RW Squibb 257 1650 1300 2020

NSW, Batlow Tingira 418 540 80 1400




Understanding drainage plays a key role in ensuring that fertiliser (nitrogen in particular) and irrigation are applied at
appropriate times. Excessive drainage following fertiliser application may result in environmental discharge of nutrients
which is both an unnecessary cost and not in keeping with best-practice environmental stewardship. Rainfall and
irrigation both potentially contribute to drainage. However, the timing of irrigation was appropriate for all the orchards.
Only rainfall potentially contributed to drainage. The SINATA tool provides an annual estimate of drainage for each
location based on historical weather data, soil types and other variables. This can help to inform planning of the timing
and quantity of fertiliser application, but actual timing will depend on the specific season. SWAN calculates drainage daily
based on actual weather, irrigation, crop water use and daily soil moisture balance. Table 6 summarises the drainage data
estimated or calculated by the different methods. This data highlights the variability of rainfall (and resultant drainage)
from season to season.

Table 6. Average drainage (mm) for each location estimated by SINATA (long term annual average) and calculated by SWAN for the
2022-23 season, and for the period of fertilizer application during the 2022-23 season

State, Region Orchard SINATA (annual) SWAN (season) SWAN (fert app.) Fert apply Period
WA, Manjimup  Fontanini* 277 700 300 Aug — Apr
SA, Lenswood Oakleigh 300 130 0 Dec — Apr
Tas, Launceston RW Squibb 175 130 79 Sep — Apr
NSW, Batlow Tingira 315 1150 315 Oct — Apr

The N applications were recorded in SWAN on a weekly basis, either from fertigation system records, or manually from
grower-reported records. Two of the four farms provided fertiliser records after the season had concluded. N applications
were then aggregated into five main periods of application to conform to the SINATA input requirement, which allows
five applications for planning purposes. In some cases, this meant that continuously or frequently applied fertiliser was
aggregated to a date corresponding to the middle of an interval of application. The amount of nitrogen applied varied
greatly between orchards and cultivars. This was presumably driven by agronomic recommendations (tree age, cultivar,
yield targets, soil type, etc.), historical practice, and capacity to apply the fertiliser under the conditions. All the orchards
were irrigated appropriately given the weather and evaporative demand. The timing of rainfall cannot be predicted but
the SWAN's soil moisture forecast can give some indication of whether irrigation will be required, and whether drainage
may occur following specific rain forecasts. This in turn might guide the timing of N application, particularly where large
qguantities of N were applied during or prior to periods that are typically wet.



A summary of the project’s outputs (extension events and Australian Fruit Grower magazine articles) can be found In
Table 7 below. A more detailed summary of project outputs including monitoring data collected to provide evidence of

outputs as per the project’s M&E Plan (where applicable) can be found in Appendix 5.

Table 7.
Output Description Detail
TIA web page Audience: Apple & Pear industry; 4 Web pages
Content: general project General project page & Soil your Undies campaign pages
information & targeted apple
grower information (soil your
undies) & news
Web Audience: Apple & Pear industry; 26 web page articles & resources hosted by APAL website
on PIPS pages and news pages
Content: Resources for growers pag pag
YouTube Videos Audience: Apple & Pearindustry; 13 YouTube videos produced by Project Coordinator in
. conjunction with APAL and TIA.
Content: Project updates; Grower
interviews; Events; 2 YouTube videos produced by Susie Murphy-White (WA)
Social Media Audience: General audience; 65 posts by APAL, Project coordinator & TIA. Content

apple & pear growers,
researchers, advisors, peak
industry bodies, allied commercial
businesses

Content: Project updates; Events;
Links to articles & videos;

from AP19006.

Output on main social media platforms: Facebook,
Twitter, LinkedIn. Instagram

APAL Industry Juice

(E-news)

Audience: Apple & Pear industry

Content: Project activities,
highlights, events.

22 articles in collaboration with APAL & Project
coordinator. Content from AP19006.

Output as E-news to apple & pear growers, researchers,
advisors, peak industry bodies, allied commercial
businesses

Printed /online Media &
Industry E-News

Audience: National and Regional
Apple & Pear Industry; Regional
general audience; Irrigation
industry

Content: Project activities,
highlights, events.

8 articles published in Australian Fruit Grower with
content provided by TIA in collaboration with Project
Coordinator

9 articles in other Industry Journals; Regional publications;
Industry E-news

Events

(Field days, conferences,
workshops, forums, open
day, community event)

Audience: Majority of events
targeted at apple & pear growers,
advisors & agribusiness; Other
events for general audience;
research community.

Content: Technical & general
information on project outcomes

22 events

e 15 Field walks/field days;
e 5 Conferences, forums, technical days
e 2 Community events

Apps

Audience: Apple & pear growers,
advisors & agribusiness,
researchers

Content: SINATA app by SWAN
systems

Grower Guide

Audience: Apple & pear growers,
advisors & agribusiness,
researchers

Content: Grower guide to orchard

Appendix 7




floor management

A summary of the project’s outcomes can be found in Table 8 below. A description of outcome achievement and evidence
to support the achievement is detailed against the outcomes identified in the project’'s M&E Plan. More detailed statistics
of reach and evaluation against each outcome are provided in Appendices 5 and 6 respectively.

Table 8.

Alignment to fund
Outcome outcome, strategy Description Evidence

and KPI
Short term: Outcome 1 Industry Progress was made through as Soil your undies campaign,
Orchardists & and global much industry engagement as multiple orchard walks including
advisors with competitiveness is possible (see list of outputs above  the Southern Loop (Spring 2022,
increased improved by reducing  and in Appendix 5) leading to presented by Nigel Swarts),
knowledge of key the average cost per increased knowledge on magazine articles, start of project

soil health indicators
for apple and pear
orchards

carton,

Strategy 1.3 Improve
soil health & increase
knowledge of
beneficial microbes in
orchard management.
Primary research
project: AP19006

sustainable orchard management
practices & soil health Using trial
sites across Australia’s main apple
growing regions as demonstration
sites for orchard walks proved
successful for engaging industry.
One of the key outcomes of the
Future Orchards Spring Walk
(Southern Loop) was to
demonstrate the value of the
www.applesoils.com website
whilst in the orchard.

survey, literature review.
Outreach activities listed above

Short term:
Orchardists &
advisors with
increased
knowledge of
sustainable orchard
management
practices and their
impact on soil
health, resilience,
orchard productivity
and fruit quality

Outcome 1 Industry
and global
competitiveness is
improved by reducing
the average cost per
carton,

Strategy 1.3 Improve
soil health & increase
knowledge of
beneficial microbes in
orchard management.
Primary research
project: AP19006

Developed recommendations for
cultural practices that support
orchard biodiversity for low input
nutrient requirements and pest &
disease management.

Recommendations made here and
provided through various
platforms on orchard floor
management practices will
improve resilience and have an
immediate productivity/quality
impact.

Outreach activities listed above

Short-term:
Orchardists &
advisors with
increased awareness
and skills in utilising
the web based
SINATA tool to
manage water and
nutrients in the
orchard

Outcome 3 The value
of the average bin has
risen, resulting in
improved industry
profitability

Strategy 3.1 Improve
quality consistency and
percentage of Class 1
fruit per hectare

Decision support tools developed,
trialled & training of advisors/
grower conducted for improved
decision-making & monitoring of
orchard precision and sustainable
management practice
recommendations and
implementation.

SWAN Systems platform was
installed on five growers’ farms
representing each of the major
apple growing regions. SWAN
integrates all existing hardware
such as soil moisture sensors,

SINATA tool published on APAL
and Hort Innovation websites,
early presentations on SINATA
were completed within this
project.

Integration with Swan Systems
software on five farms allowed
comparison of outputs between
SWAN and SINATA. Presentations
made to each growing region on
the SWAN platform

(from final evaluation, Appendix
6) Integration of SINATA into the



http://www.applesoils.com/

weather stations and historical
data into their platform for each
grower’s farm. The crop factor
model to provide advice on
irrigation management was
compared to information from the
SINATA tool.

Swan Systems online platform has
been well received by the trial
farmers for it’s ease of use,
accuracy (alignment with “what |
thought”) and support provided
by the company.

Medium Term:
Orchardists
implementing
sustainable orchard
management
practices

Outcome 1 Industry
and global
competitiveness is
improved by reducing
the average cost per
carton,

Strategy 1.3 Improve
soil health & increase
knowledge of
beneficial microbes in
orchard management.
Primary research
project: AP19006

Outcome 3 The value
of the average bin has
risen, resulting in
improved industry
profitability

Strategy 3.1 Improve
quality consistency and
percentage of Class 1
fruit per hectare

Informed understanding of
interactions between
cultural/biological/chemical IPDM
& soil health practices leading to
implementation of recommended
sustainable orchard practices.

Advisors & consultants are
confident in providing sustainable
management practice advice to
apple and pear growers developed
from PIPS3.

Growers have adopted
recommendations and tools of the
PIPS3 Program and are able to
demonstrate benefit through
yield/quality, profitability and
resilience gains.

Soil your undies campaign,
multiple orchard walks, magazine
articles, start of project survey

(from final evaluation) A shift in
thinking about soil health and
chemical use. How we can do
things more beneficial for the
environment, and then how this
links to the consumer experience

Medium term:
Orchardists
confident in using
the web-based
SINATA tool to help
manage orchard
irrigation and
nutrition

Outcome 3 The value
of the average bin has
risen, resulting in
improved industry
profitability

Strategy 3.1 Improve
quality consistency and
percentage of Class 1
fruit per hectare

Industry platforms for greater
collaboration on productivity,
irrigation, pests and soils are
valued by industry
growers/advisors as trusted
sources of scientifically robust
information & recommendations.

Decision support tools adopted by
industry: Pear irrigation
scheduling, SINATA for apples
irrigation scheduling & nutrient
budgeting & Apple crop-load tool.

Farms with the Swan Systems
platform installed were used as
demonstration farms for extension
at the end of the project.

Grower hosts of Swan Systems
will facilitate uptake and
adoption.

(from final evaluation) SINATA
trial farmers see the value
proposition of the tool, however,
there is concern amongst some
respondents that growers may
not be willing to pay a
subscription to SWAN Systems to
access the tool. The benefits and
economic value need to be clearly
articulated and promoted. All
growers are looking forward to
trialing the tool again over the
next season to evaluate the
benefits of varying seasonal
conditions. All are enthusiastic
about being local ambassadors for
the tool.

Long-term: A
sustainable
Australian apple and
pear industry with
an improved
environmental
footprint: This
project supports
Pillar 3 (Industry

Outcome 1 Industry
and global
competitiveness is
improved by reducing
the average cost per
carton,

Strategy 1.3 Improve
soil health & increase
knowledge of

The apple and pear industry has
adopted tools and management
practices required to operate
orchards that:

Are resilient to climate variability
and weather extremes;

Use resources efficiently and
sustainably; Apply biological and

(from final evaluation)

AP19006 has raised awareness on
the concepts of soil health and its
relationship with nutrient
availability and water
management, however, it has not
necessarily provided confidence
to growers that making orchard
floor management changes will be




sustainability) of the
Apple & Pear
Industry Strategy
2018-2023, as well
as Pillar 4 (Capability
and capacity) and
the Hort Innovation
investment priorities
“Support industry
efficiency and
sustainability” and
“Improve
productivity of the
supply chain through
innovative
technologies

beneficial microbes in

orchard management.

Primary research
project: AP19006

Outcome 3 The value

of the average bin has

risen, resulting in
improved industry
profitability

Strategy 3.1 Improve

quality consistency and

percentage of Class 1
fruit per hectare

cultural solutions in the
management of pests, disease and
nutrients;

Drive product quality and business
profitability through use of
automated/ mechanised advanced
technologies along the supply
chain; and

Produce a low environmental
footprint and sustainable product
that meets consumer preference
and expectations.

beneficial to their business (yield,
quality, or profitability). There
remains a need for economic
analysis of the value proposition
of the trialed interrow and tree
line managements in their farming
system. There is agreement across
the board that soil health takes
time to respond to changes in
management and therefore
evaluate, but commencing the
conversation and having focal
points in the regional
demonstration sites has facilitated
this foundational process.




The PIPS3 Program Final Evaluation interview process was conducted in June and July 2023 by the PIPS3 Program
Coordinator. The full report can be found in Appendix 6, and a summary is presented below.

For AP19006, Overall, 24 telephone interviews were undertaken (Researcher (n =2), Grower (n = 13), Service Provider (n =
9)) each interview averaging a 20 minute in duration. Eleven questions were asked, seven of these structured with a
rating response required between 1 (most negative) and 5 (highly positive), with an opportunity to provide an extended
comment to support the rating response. Most often, the respondents were highly motivated to expand upon the ratings
provided. Four questions were open-ended to gain feedback and insight in a less formal and structured approach. The

interviews conducted for this project ensured good representation across the regional areas in which both trial and
demonstration activities were being conducted.

The interview process of both quantifiable and qualitative questions was used to evaluate effectiveness, relevance,
process appropriateness, efficiency and legacy KEQ of the PIPS3 Program, and the specific program/project questions

underpinning these (refer to the table below for questions that were specifically developed by the AP19006 project). The

design of the questions enables analysis of responses at both a program and project level so that all users of the
evaluation report can apply findings to both program and individual project level questions.

AP19006 achieved a “Strong” performance rating across all KEQ from the final evaluation interview process, although the
long-term legacy rating was borderline at an overall rating of 3.8, with a moderate rating for likelihood of adoption in the

next ten years rated as medium (3.7).

Table 9.

Key Evaluation Question

Project performance

EFFECTIVENESS: To what extent has
the PIPS3 Program addressed the
objectives, research agreement
achievement criteria and identified
outcomes/ outputs?

Respondents were confident that the project achieved its objectives and
activities were executed as expected, however the delayed establishment
of the soil health sites in season one had an impact upon the overall
outcomes of the project. There was substantial caution expressed on the
practicalities of certain interrow (native species) treatments and cost of
tree line (mulch/compost) treatments trialed, and an underling belief that
other industries had already conducted extensive research into these
strategies, and these needed to be looked at more thoroughly.

RELEVANCE: How relevant were the
research outcomes/ outputs to the
needs of apple and pear growers,
advisors, and industry stakeholders?

The project was considered strongly relevant to both growers and advisors
who support them. There was certainly interest expressed on the desire to
be more sustainable and having demonstratable evidence to show
consumers. It was evident that growers and advisors appreciated the
“theoretical” information extended by the project on the importance and
likely benefits of good soil health. However, the project did not provide
tangible information to growers on how the soil health treatments
benefited fruit yield and quality, some respondents expressing that the
project needs to concentrate on the soil, nutrient, water, and
insect/pollinator benefits, and leave fruit parameters out.

Many respondents acknowledged that soil health is an area of research
requiring a much longer timeframe than three years.

The SINATA tool integrated into Swan Systems was immediately relevant
to the irrigators who trialed the tool.

APPROPRIATENESS:

How well have intended audiences
been engaged in the project?

To what extent was the PIPS3
Program Communications and
Extension Plan appropriate and had

The project was considered strong in developing materials and engaging
with the industry, especially through local demonstration and the final
roadshow events, or where programmed in Future Orchards® walks.
However, respondents expressed that the general information on soil
health and likely benefits now needs to be underpinned by resources and
extension that is backed by data relevant to them, including the
economics.




an impact upon the target audience?

In Tasmania, there is acknowledgement that the local TIA team is very
accessible to the industry, and many will “pick-up the phone” to ask a
question when the need arises.

Ongoing contacts list restriction for Industry Juice prevail. There are
growers and advisors who do not receive 1J, but they receive local
organizational materials (i.e., FGT, FGV, Pomewest). While the volume and
content of information was regarded as high quality, issues with grower
time pressures to read and engage is a concern, primarily raised by
advisors.

EFFICIENCY: What efforts did the
PIPS3 Program partners make to
improve efficiency?

The AP19006 respondents rated the PIPS3 Program as strong on its
performance to deliver an efficient approach to research, and
communication and extension of the research.

Issues were raised that need to be addressed for PIPS4. These are the
development of standard protocols and processes for demonstration sites
in trial design and the collection and management of data. Regional
coordinators suggest that standard templates and a schedule of delivery
expectations is needed at commencement to ensure that the integrated
requirements across projects (in PIPS3 this was AP19006 & AP19002) are
clear, and they know what has to be done and when it needs to be done.

LEGACY: Are there signs that the
PIPS3 Program will influence apple
and pear growers in the future?

AP19006 has raised awareness on the concepts of soil health and its
relationship with nutrient availability and water management, however, it
has not necessarily provided confidence to growers that making orchard
floor management changes will be beneficial to their business (yield,
quality, or profitability). Most respondents are waiting for data-driven
evidence and economic analysis of the value proposition of the trialed
interrow and tree line managements in their farming system. There is
agreement across the board that soil health takes time to respond to
changes in management and therefore evaluate, but commencing the
conversation and having focal points in the regional demonstration sites
has facilitated this foundational process.

Improvements in grower and advisor consultation to inform trial design
were suggested by a number of respondents. They believed this would
provide a more practical and realistic element to the treatments applied,
and also increase confidence in the concept of orchard floor management
longer-term. Both are seeking more information on long-term
management of the treatments, especially to better evaluate the labour,
water, and nutrient input implications, both positive and negative.

SINATA trial farmers see the value proposition of the tool, however, there
is concern amongst some respondents that growers may not be willing to
pay a subscription to SWAN Systems to access the tool. The benefits and
economic value need to be clearly articulated and promoted. All growers
are looking forward to trialing the tool again over the next season to
evaluate the benefits of varying seasonal conditions. All are enthusiastic
about being local ambassadors for the tool.

The idea of extending more of the ‘known’ research and experiences from
other industries was raised by respondents who saw a gap in industry
extension. While they know the research has been undertaken, they
believe there is a gap in apple and pear extension of the outcomes of R&D
over the past 5-10 years but acknowledge this is not the ongoing role of
PIPS as an R&D program.




The knowledge gained from the intensive research trials and regional demonstration sites as well as the review of the
literature has shown that it is possible to move towards a more regenerative approach in orchards by working with
natural systems and processes to build optimum soil and plant health, without the need to discard the best of
conventional farming methods, to maintain or improve production levels and quality. Natural systems allow for an
increase in biodiversity, providing natural control of pests, and