Final Report
“Piccadilly Park” – Macadamia Inter Row Project
Results

Hort Innovation program title: The IPDM program for the macadamia industry – BioResources

Hort Innovation project code: MC16008

Date: April 2020

This report was prepared by Dr Abigail Makim and Dr Christopher M. Carr
This report was produced as part of the MC16008 extension program for participating macadamia
growers and other industry professionals. It is not intended for peer review or publication. Further work
is underway, processing data for statistics and additional analysis.

Final Report: “Piccadilly Park” – Macadamia inter row project results

Summary
This project investigates the potential for the development of insectaries for conservation biocontrol
through vegetation changes in the macadamia inter row. At Piccadilly Park the adoption of cover
cropping is underway and is expected to increase the abundance and diversity of beneficial arthropods by
creating more complex food-webs that are vital to pollination and pest suppression. The aim is to
optimise the macadamia orchard for the self-regulation of pests by supporting beneficial arthropods with
shelter, breeding areas, nectar, alternative hosts/prey and pollen.
Piccadilly Park and the BioResources team collaborated to investigate these ideas from mid 2018 to mid
2019.
The Piccadilly Park inter row project has provided many useful insights into the practicalities of cover
cropping in macadamia orchards. Industry has been particularly concerned that change to conventional
management recommendations for the inter row may lead to significant problems such as increased rat
activity, invasive weeds and/or increased insect pests. The Piccadilly Park project gives other growers
reassurance that innovative and sophisticated strategies for cover cropping are achievable and can be
incorporated into existing orchard inter row management; and with basic monitoring and management
will not lead to other problems.
Overall abundance of arthropods in the Piccadilly Park cover crop block was double that of the complete
close mow block. We have found that there is numerical increase in beneficial insects without
corresponding increases in herbivores or macadamia pests. Most notably parasitoids were three times
more abundant in the cover crop inter row and more than double in number in the cover crop
macadamia trees compared to the close mow treatment. Similarly, predators were almost three times as
abundant in the cover crop block, and nearly double in number in the cover crop macadamia trees. Most
insect orders were higher in the cover crop block in both the inter row and macadamia tree habitats.
Thrips are the one exception, which were four times more abundant in the close mow block. When
comparing the cover crop with the complete close mow proportionally, predators and parasitoids were
more abundant in a ratio of 80:20 in the inter row and nectivores (potential pollinators) had a ratio of
60:40 in the inter row and trees. Overall, there were more insect families represented in the cover crop
block in both the inter row and the macadamia trees.
The results for the Piccadilly Park project are likely to be enhanced and further refined into the future
where the current commitment to insectaries throughout Piccadilly Park entire orchard is maintained.
The Harris family have developed their own innovative strategies for cover cropping, which are
compatible with standard orchard operations while allowing retention of insectary vegetation yearround. There is also scope for ongoing refinement with further targeting of seed mixes and additional
strategies for limiting vegetation disturbance in the orchard inter row.
The complete final report for the Macadamia IPDM Program - Inter Row Project (MC16008), is available
via Hort Innovation. The benefits of insectaries for macadamia orchards and also the experiences of other
farms engaged in implementing and managing insectaries are provided here. There is also an exploration
of the multiple ecosystem services known to flow from cover cropping practices in the inter row along
with improved arthropod biodiversity, including benefits for soil organic matter, nutrient cycling, water
management, erosion control, weed suppression, soil carbon storage, soil microbiology and more.
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Introduction
The Hort Innovation Macadamia IPDM Program Inter Row Project undertaken by BioResources Pty Ltd
proposes that changes to the industry standard management practices of the macadamia inter row can
provide valuable opportunities for conservation biocontrol. This is because the macadamia orchard inter
row can support insectaries with increased vegetative diversity, increased floral resources and reduced
habitat disturbance and increased habitat complexity in the orchard. This may in turn increase the
presence of beneficial arthropods in the orchard. More broadly, the proposed changes in plant ecology
may increase arthropod populations in general, leading to more complex food webs and better orchard
self-regulation of economic pests. Furthermore, this enhanced nutritional food-web will benefit birds and
micro-bats, which also have a role in pollination and pest suppression. It is estimated that beneficial
insects provide 5-10 times the pest control in agricultural ecosystems as compared to chemical
applications1, because these processes are occurring all the time. By encouraging more diverse
ecosystems within the orchard the likelihood and/or intensity of pest outbreaks decreases.
Piccadilly Park is one of 11 farms that have collaborated with the BioResources team to investigate these
ideas. According to Rex Harris, “in August 2017 the Harris Family at Piccadilly Park Bangalow commenced
a 7-year program to convert their monoculture orchard into a multi-species orchard incorporating
seasonal multi species cover crops/insectaries and permanent insectaries (Photo 1). Each year, 1,000
trees (every second row) are being removed from their connected canopy orchard of 7 x 5 spacings to an
open 14 x 5 spacings orchard, incorporating 6m wide centre strip inter-row cover crop/insectaries. The
main reasons for the tree removal was the total loss of ground cover (thus loss of top-soil), the loss of
macadamia nut production (dead centres) due to lack of sunlight and the opportunity to change from
conventional practises of using chemical fertilisers, insecticides, fungicides and herbicides to regenerative
agriculture practices.”

Photo 1: Piccadilly Park dedicated permanent insectary, foreground, and native revegetation, background, adjacent to
the orchard.

The Harris family worked with the BioResources team in this investigation from late 2018 to late 2019.
We compared two (approximately) 1 Ha blocks. A control block was managed as industry standard with
regular complete close mowing (Photo 2, below). A treatment block was managed with cover cropping
for the project period (Photo 3, below). This unique comparison under one farm management system
was possible because of the ongoing row removal program underway at Piccadilly Park.

Pimentel, D., Stachow, U., Takacs, D.A., Brubaker, H.W., Dumas, A.R., Meaney, J.J., Onsi, D.E., Corzilius, D.B., 1992. Conserving biological
diversity in agricultural/forestry systems. BioScience 42, 354-362.
1
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Photo 2: Piccadilly Park complete close mow 20 June 2019

Photo 3: Piccadilly Park cover crop 20 June 2019

With each site visit the BioResources team sampled each block for arthropods in three separate rows
using yellow stick traps (YSTs), placing one YST in the inter row and one YST in a tree. We assessed the
vegetation in the inter row at those three points (a quadrant of approximately 14m x 20m). The three
data collection points were at least 30m apart and 50m from any block edge. We also spent time with the
Piccadilly Park team discussing the project and any observations that they may have made in relation to
rats, weeds, insect pests in the inter row vegetation and/or any challenges with cover cropping.
The objective of the project has been to provide other growers and industry with insights into the
practical experiences of implementing insectaries for conservation biocontrol. At Piccadilly park this has
specifically involved cover cropping in the inter row with monitoring to quantify results. BioResources has
worked with Piccadilly Park to record that farm’s inter row covering cropping system for the interest of
other growers. BioResources has then sought to record observations on any relationship between cover
cropping and the potential for increased rat, invasive weed and/or arthropod pest presence. Finally,
BioResources has sought to monitor association between cover cropping in the inter row and changes in
orchard beneficial/pest arthropod ecology.
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Cover cropping in the inter row at Piccadilly Park
Potential problems
Throughout the project, BioResources regularly monitored for and consulted with
Piccadilly Park, and specifically Rex Harris and Dan Harris, on the following issues:
Rats

Problem
weeds

Major insect
pests of
macadamias

The project team did not observe evidence of rat activity in the project blocks during
site visits.
Piccadilly Park did not report any problems with rats. Piccadilly Park reported that
Piccadilly Park assessed and reviewed harvested nut for rat damage and had not
noticed any changes in the cover-cropping blocks. Furthermore, Piccadilly Park
reported that during mulching and reseeding, they were not finding evidence of rats
storing nuts in vegetated areas.
The project team did not observe problem weeds during site visits.
Piccadilly Park reported that the cover cropping program especially targeted any
potentially invasive weeds. Piccadilly Park regularly revised seed mixes for inclusion of
features such as dense root structures capable of suppressing invasive weeds;
Piccadilly Park also removed some species from seed mixes where they were strongly
reseeding in blocks. Piccadilly Park regularly monitored for any “weediness” from
either “naturalised weeds” or seeded plant species and scheduled management as
required for management.
The team monitored vegetation in the inter row for the presence of major macadamia
pests including Macadamia Seed Weevil, Macadamia Nut Borer, lacebug, Green
Veggie Bug (GVB), and Fruit Spotting Bug. Plant species typically found in the inter row
project blocks at Piccadilly Park were not observed to host these pests.
No issues or concerns were reported by Piccadilly Park.

Management
of the inter
row

No issues were observed by the project team during site visits.
No issues were reported by Piccadilly Park. Piccadilly Park indicated that Piccadilly
Park have planned extensively and invested prudently in staff education, machinery,
seed, composting and fermenting systems for this task. Piccadilly Park continue to
improve and develop Piccadilly Park farm-specific approach to inter row management.
A number of specialised machinery options were available for seeding, roller-crimping,
mowing, slashing and harvesting. Piccadilly park had strategies for easy management
and maintenance under the drip-line, including selected species, targeted reseeding
schedules and regular mowing. At the same time, Piccadilly Park had strategies for
straightforward inclusion and maintenance of a vigorous cover crop year-round.
Piccadilly Park also had designated insectary areas outside of the orchard blocks and
orchard inter rows that were left undisturbed to serve as insectaries during periods of
intensive reseeding.

Outcomes
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This project at Piccadilly Park has provided many useful insights into opportunities for conservation
biocontrol and the practicalities of cover cropping in macadamia orchards. Industry has been especially
concerned that any relaxation of regular complete close mowing of the inter row may lead to significant
problems with increased rat activity, invasive weeds and/or insect pests. The Piccadilly Park project gives
other growers reassurance that options for cover cropping in the inter row can be incorporated into
existing orchard management and with monitoring and management will not lead to other problems.
Furthermore, this project gives other growers a unique insight into the management task required and
the opportunities that can flow from related changes to current industry standard inter row
management. There is growing interest in options and practices for seeding and cover cropping in the
inter row, but there are currently limited practical examples.
Management of the Piccadilly Park project blocks for the life of the project was very strong and
consistent. Furthermore, management practices can be defined as “best practice” in both the complete
close mow block (which is the current industry standard) and also the cover-cropping block, insectaries,
and native vegetation areas. For this reason, the results from the Piccadilly Park project are especially
robust.
Given Piccadilly Park’s best practice management, from the outset the project team expected to see a
greater abundance and diversity of arthropods in the cover crop inter row given the impressive array of
plants that were flowering, providing shelter, breeding areas, nectar, alternative hosts/prey and pollen.
What was unexpected was the subsequent large increase of predators and parasitoids that visited the
macadamia trees in the cover crop block. This is an unusual and impressive result when compared to
most other farms, where we typically see relatively lower numbers of beneficial arthropods in the trees.
Proportionally the comparative ratio between the complete close mow and the cover crop blocks of
predators and parasitoids was 80:20 in the cover crop inter row compared to the complete close mow
block. This increased food web not only provides self-regulating pest control, but also benefits in nutrient
recycling, pollination and other ecosystem services. The increase in arthropod abundance did not
increase macadamia pests major or minor. Further investigation to identify the impact of these beneficial
arthropods could have on macadamia pests is warranted.
For an overview of Hort Innovation Macadamia IPDM Program Inter Row Project, the BioResources team
urges Piccadilly Park to read the project’s full final report, Macadamia IPDM Program - Inter Row Project
(MC16008), which will be available via Hort Innovation.
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Results of cover cropping in the inter row
Vegetative diversity
Four cover crops were seeded while the project was in the field for the period December 2018 to
September 2019, (summer and winter crops). According to Rex Harris, “… crops were terminated
approximately every 120 days and the total biomass was rolled down with a roller crimper and
immediately replanted with a no-till seed drill. When cover crops were terminated and replanted, the
practice was to replace every alternate row thus leaving a living thriving insectary on one side of each
tree row at all times as habitat for beneficial insects. The remaining alternate rows were replaced
approximately 30 day later to allow sufficient time for the new inter-row cover crop/insectary to grow
and provide sufficient habitat and food …” (Photo 4 & 5). Species in seasonally-specific seed mixes
included and were not limited to: sunflower, millet, cow pea, sorghum, mung bean, lab lab, flax, chicory,
plantain, tall fescue, buckwheat, vetch, crimson clover, rye corn, oats, winter rye, forage brassica, barley,
Lucerne, smart radish, tillage radish, and more. A progression of the above activities, various plants used
etc can be found on Twitter @drexharris (for example, roller crimping).

Photo 4: Cover crop alternately reseeded August 2019

Photo 5: Cover crop alternate row September 2019

Further information and recommendations on this system are beyond the scope of this report. This will
be available in a new project being rolled out by the BioResources team in collaboration with Piccadilly
Park and the Harris family in 2020-21.
Vegetative diversity refers to the number of plant species present. Changes to inter row management
decisions such as cover cropping can change plant species diversity. This can in turn be associated with
diversity of arthropod species. Chart 1 presents an average count of plant species observed in the inter
row by treatment through time.
In this project we anticipated that changes to industry standard mowing practices would provide
opportunities to increase the number of plant species present in the orchard. As we can see in Chart 1,
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this is consistently the case for the life of Piccadilly Park project, where Piccadilly Park seed selections and
seeding decisions result in an inter row that can be characterised as one with “managed vegetative
diversity”.
12
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Chart 1: Average count of plant species by treatment through time. This is an average of counts taken at the three
assessment points on each block.

Floral resources
Floral resources provide a food source for many beneficial arthropods and will encourage them to remain
active in the orchard. Chart 2 provides an average count of the plant species flowering at the time of the
site visit. There were always flowering plant species in the cover-cropping block. In conjunction with this,
we also see that these flowering species always produced a large volume of flowers as a percent of
biomass in the cover-cropping block (Photo 6) as compared to the complete close mow block (Chart 3).
This percentage was often very high as a consequence of the cover-crop species selected and decisions
on timing and areas to mow or leave undisturbed. By contrast, the complete close mow block did not
sustain any floral resources what-so-ever (Charts 2 and 3).
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Chart 2: Average count of plant species with floral resources by treatment through time. This is an average of counts
taken at the three assessment points on each block.
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Chart 3: Average percentage of inter row vegetation biomass as floral resources by treatment through time. This is an
average of counts taken at the three assessment points on each block.
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Photo 6: Cover crop floral resources October 2018, including smart radish, phacelia, white clover, and vetch.

Habitat disturbance
Areas of reduced mechanical and chemical disturbance can serve as favourable habitat for beneficial
insects. Undisturbed areas may also provide a refuge for beneficial arthropods for faster recovery after
spraying. The measurement of height provides a good indication of rates of mechanical disturbance and
habitat complexity. Chart 4 reports the height in centimetres (cm) of vegetation in the inter row by
treatment through time. Retention of a cover crop at Piccadilly Park allowed for greater height of
vegetation, and hence less disturbance and more habitat complexity in the inter row for the life of the
project. By contrast, the complete close mow block was regularly and heavily disturbed with very limited
opportunities for vertical physical complexity.
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Chart 4: Average height (cm) of inter row vegetation by treatment through time. This is an average of counts taken at
the three assessment points on each block.
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Results of arthropod evaluation
General arthropod abundance
From December 2018 to September 2019 we conducted 4 arthropod assessments, one in each crop
season. In total, we collected and identified 7,137 arthropods using yellow sticky traps (YSTs). YSTs best
capture flying insects such as flies, true bugs (including aphids), wasps and thrips. However non-flying
insects and those not attracted to yellow are seldom caught (e.g. ants and spiders for instance). In Chart
5, we compared the total number of arthropods collected on the YSTs over the four seasons in the two
treatment blocks in the inter row (row) and tree habitats. There are clear differences in the total
abundance of arthropods in the inter row treatments, the cover crop had 2956 specimens compared to
the complete close mow treatment block with 1574 arthropod specimens. Total abundance of
arthropods in the macadamia trees were not much different in the seasons except in March where the
macadamia trees with the cover crop had three times as many arthropods. Certain insect groups where
high in the complete close mow trees which increased overall abundance in this habitat, this included
thrips in September and chironomids (non-biting midges) in June. Overall, there was greater insect
diversity in the cover crop macadamia trees.
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comparing habitats and treatments

1200
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800
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Chart 5: Total arthropod abundance caught on YSTs over the four sampling seasons compared in the inter row and tree
habitats in the cover crop and complete close mow treatment blocks.

Arthropods consisted of 15 different classification orders, however many were weakly represented. The
top 5 insect orders are shown in Chart 6, which were flies, true bugs (including aphids), wasps, lacewings
and thrips. Most insect orders where higher in the cover crop block in both the inter row and macadamia
tree habitats, except for thrips, which were four times more abundant in the close mow block (397
specimens) compared to thrips in the cover crop (116 specimens). Close mowing seems to have increased
thrips in the trees and row compared to the cover crop block at Piccadilly Park. In theory, given the
increase in predators and parasitoids in the cover crop block, we can hypothesize that this may help
decrease thrip populations in macadamia trees at Piccadilly Park. Beetles (not shown in Graph 6) were
twice as abundant in the cover crop row, however, they were equally abundant in the macadamia tree in
both treatment blocks. The largest difference was in Hymenoptera, which includes ants, bees and wasps.
However very few bees or ants were collected by the YST. Most of the wasps found are parasitoids.
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Wasps were three times more abundant in the inter row of the cover crop (905 specimens) compared to
the complete close mow (254 specimens). Similarly, in the macadamia trees there were more than
double the numbers of wasps in the cover crop macadamia trees (520 specimens) compared to the
complete close mow (212 specimens). The true bugs (Hemiptera, mostly plant suckers) were four times
as abundant in the cover crop (551 specimens) than the complete close mow (140) inter row and
comprised mostly of aphids (225 specimens) and leafhoppers (245 specimens) in the cover crop inter
row. There was a moderate increase in true bugs which were predominantly leafhoppers in the cover
crop macadamia tree (88 specimens) compared to the complete close mow macadamia tree (23
specimens). Flies were also a lot higher in the cover crop treatment block and we will explore this later in
this report.
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Chart 6: Comparison of the total abundance of main insect orders caught on YST in the two treatment blocks over the
four sampling seasons in the inter row (row) and macadamia (tree) habitats.

Feeding Guilds
To better understand the nature of food webs on macadamia farms we have identified most insect
species to family level classification, allowing us to determine the feeding guild structure of insect
assemblages. The guild concept has been widely utilised by ecologists; a guild is any group of species that
exploit the same resources. For instance, most insect herbivores are selective feeders, they may be
specialised as leaf chewers, sap suckers, stem borers, root borers, gall formers, leaf miners etc. Beneficial
insects feed as predators and parasitoids. Other important arthropod feeding groups are pollinators via
nectar feeding (nectarivores). This is a good way of examining species richness and how it relates overall
to farm food webs.
In Chart 7 we have highlighted the main arthropod feeding guild groupings in the macadamia trees in the
two inter row treatments. There are several other feeding guilds including borers, blood suckers, gall
formers, omnivores and pollen only feeders, that were omitted as they were too few in number and did
not show any treatment differences. Seed feeders (Lygaeids) and non-specialist herbivores
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(grasshoppers) were also similar in both treatments and had low abundance overall. Sap sucker total
abundance were somewhat higher in the cover crop macadamia tree, however one trap had a very high
number of leafhoppers (57 specimens) when the average number of leafhoppers in the cover crop tree
was 5.1 specimens compared with an average of 2.9 specimens in the complete close mow over the four
seasons. Nectivores (nectar feeders and potential pollinators), parasitoids and predators had double the
abundance in the macadamia tree over the four seasons in relatively high overall abundance.
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Arthropod abundance in the main feeding guilds in the macadamia tree
treatments
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400
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Chart 7: Comparison of the main feeding guilds of arthropods over the four seasons caught on YSTs in the macadamia
tree in the two block treatments.

To simplify our results, we classified all arthropods as prey and then separated nectivores (potential
pollinators), predators and parasitoids, as four broad categories. Then we can compare treatments
comparatively in proportions. By combining tree and inter row abundance counts between cover crop
and complete close mow treatments (Chart 8) we see that there are high proportions of parasitoids
(76%) and predators (74%) in the cover crop block. Potential prey and nectivores are also proportionally
much higher in the cover crop treatment block (62% and 61% respectively).
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Proportional view of simplified feeding guilds combining row and tree
arthropod abundance
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Chart 8: Representation of simplified feeding guilds in macadamia tree and inter row habitats combining all abundance
data from the sampling period.

These proportions are much higher when we examine arthropod abundance in the inter row in the two
treatment blocks (Chart 9). There are very high proportions of parasitoids (79%) and predators (80%) in
the cover crop block when comparing treatments. Potential prey and nectivores are also proportionally
much higher in the cover crop treatment block (65% and 61% respectively).

Proportional view of simplified guilds in the inter row comparing
treatments
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Chart 9: Representation of simplified feeding guilds in the inter row comparing the cover crop and complete close mow
treatments over the whole sampling period.

We would expect that with a cover crop environment is especially attractive to beneficial arthropods
because it provides shelter, breeding areas, nectar, alternative hosts/prey and pollen. But does this
transfer to beneficial arthropods visiting the macadamia trees? In Chart 10 we found that proportionally
there are high numbers of predators and parastioids in the cover crop macadamia trees (71% and 63%
respectively). Overall prey and nectivores are also much higher in the cover crop macadamia trees (57%
and 62% respectively). This is an important result.
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Proportional view of simplified guilds in the macadamia tree comparing
treatments
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Chart 10: Representation of simplified feeding guilds in macadamia trees comparing cover crop and complete close mow
treatments over the whole sampling period.

Flies as pollinators
In many ecosystems, including agricultural ones, flies are very important pollinators. Of the 150 families
flies worldwide, almost half, 71, have been shown to feed from flowers (mainly nectar) and thus in
principle transmit pollen from one plant to another. This is currently an expanding area of behavioural
research as we discover more about their pollinating abilities. A famous example is that we would be a
world without chocolate without pollination by the chocolate midge (family Certopogonidae).
We identified 2,510 flies from over 30 fly families at Piccadilly Park. In Chart 11 we show the total
abundance of each fly family over the four seasons of sampling. Most notably there are 13 families that
are present in the cover crop but absent in the complete close mow block, the latter therefore being less
species rich. Of the families present only in the cover crop block, several are parasitoids (Conopidae,
Cryptochetidae, Tachinidae and Chamaeyiidae) and some are predators in the larval stage (Syrphidae).
Syrphids (hover flies) are second only to solitary bees in their value as commercial pollinators worldwide.
The Chamaeyiidae are an important family for macadamia as the larvae are predators of coccids and
psyllids. Tachnids all parasitise other insects, usually the larvae of moths and butterflies, but also the
larvae or adult beetles, including the macadamia seed weevil. Predatory flies such as Dolichopodidae
were more abundant in the cover crop (29 specimens) than the close mow (3 specimens). Phorids were
more abundant in the cover crop (478 specimens) compared to the complete close mow block (262
specimens). Phorids are a very diverse family and many are important pollinators particularly in forest
habitats. The most numerous Phorid genus at Piccadilly Park was Megaselia which has over 1500 species
worldwide. Some Phorids species are also known to be aphid predators.
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Fly family abundance in the two treatments
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Chart 11: Total abundance of flies grouped to family level in the two treatment blocks caught in YSTs over the four
seasons of sampling.

One way to visualise the difference between fly abundance is to compare the proportions of the main
families in the two mow treatments (Chart 12). The fly family Agromyzidae has 150 species in Australia
and the larvae are leaf miners, stem miners or gall makers. It is unknown if any of the specimens we
caught are leaf miners of macadamia, however this would be interesting to follow up. Their feeding
however provides nutrients back into the soil. The Cecidomyiidae are ubiquitous and as adults do not
feed, so are unlikely to be pollinators. As larvae they are scavengers, detritivores and gall formers; some
species are known to be predators of aphids. Several studies have highlighted the pollinating abilities of
Lauxaniidae adults and they have been found to be particularly important pollinators of some orchids.
The larvae are generally fungivores. Muscids have been found to be very important pollinators in some
environments such as the tundra. They are detritivores as are Psychodidae, both familes are important
for the recycling of nutrients back into the soil, as they feed on dead leaves, twigs and subsequent
decaying mould.
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Comparision of the most abundant fly families in the two
treatment blocks as proportions
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Chart 12: Proportions of the most abundant fly families in the two mow treatments across the four seasons of sampling
by YSTs.

There are several fly families absent in the macadamia trees of the close mow treatment (Chart 13) that
are nectivores/potential pollinators (Bibionidae, Anthomyiidae, Ephydridae, Drosophilidae,
Ceratopogonidae and Syrphidae), detritivores that recycle nutrients (Heleomyzidae) and parastoids
(Cryptochetidae and Tachinidae) which are all present in the cover crop trees. Overall, there is
proportionally greater abundance and diversity of most fly families in the macadamia trees in the cover
crop block.
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Chart 13: The proportion of fly abundance across different families in the macadamia trees of the cover crop and
complete close mow treatments over the four seasons of sampling by YSTs.
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Wasp parasitoids
We identified 1889 specimens of wasps at Piccadilly Park, comprising of 26 families out of 77 families
found in Australia, almost all of which were parasitoids. One of the main treatment differences at
Piccadilly Park was a substantial increase in parasitoids in the cover crop block (1423 specimens)
compared to the complete close mow block (466 specimens). The innate host-finding attributes of
parasitoids are well developed, and many parasitoids may be considered habitat specialists rather than
host specialists.
In Chart 14 we compared parasitoid families in the two treatment blocks. The most abundant wasp
family was the Encyrtidae which is a diverse family of small parasitic wasps and was highly more
numerous in the cover crop block (667 specimens) compared to the complete close mow treatment (39
specimens). A lot of the species in this family are parasitoids of true bugs (including aphids, coccids,
psyllids, whiteflies, leaf hopper etc). They were most numerous in the cover crop (546 specimens)
however were five times more abundant in the cover crop macadamia trees (121 specimens) than in the
close mow block (23 specimens). Several other wasp families also had this trend including braconid wasps
(27 specimens in the cover crop tree, compared to 4 specimens in close mow trees) and other families
that had 10 times more wasps in the cover crop trees (Bethylidae, Diapriidae and Platygastridae). The
Eurytomidae family was the only family that had the opposite trend, with 39 specimens sampled in the
complete close mow block trees as compared to 4 specimens in cover crop trees. Some parasitoid
families were not found in the close mow block trees but were in the cover crop trees including
Agaonidae, Eucharitidae, Figitidae and Pteromalidae families. The Trichogrammatidae were more
abundant in the cover crop treatment (233 specimens) compared to the complete close mow row and
trees (145 specimens). The Trichogrammatidae are egg parasitoids and include the MacTrix species; there
was more than double their abundance in the macadamia trees where there was a cover crop. However,
because MacTrix is released at Piccadilly Park it is possible that the positioning of the releases may have
influenced trap catches.
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Chart 14: Comparison of wasp families in the two treatment blocks over the four seasons of YST sampling. Note that due
to the high number of Encyrtidae (667 specimens) the graph only illustrates a maximum of 300 specimens.
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Chart 15 compares the total abundance of parasitoids in both the inter row and trees in the two
treatment blocks. The cover crop inter row has more three times as many parasitoids (886 vs 243
specimens) and almost that ratio in the cover crop trees (505 specimens) compared to the close
mow trees (205 specimens).
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Chart 15: Comparison of the total abundance of parasitoids in both the inter row and macadamia trees in the two
treatment blocks.
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Findings and recommendations
The Piccadilly Park project has yielded unique and powerful insights within the context of Bioresources’
investigation into the considerable potential for conservation biocontrol and insectaries in the
macadamia inter row. The Harris family have devised and implemented cover cropping for insectaries
and other ecosystem services in the inter row and elsewhere at Piccadilly Park. This includes selective
seed mixes, selective and scheduled reseeding, targeted mowing for different functional zones (drip-line
and cover crop), retention of alternate inter rows for insectary during periods of intensive mowing and
reseeding, and commitment to insectaries in areas adjacent to the orchard blocks. Areas of native
vegetation also add value for beneficial arthropod habitat.
The Piccadilly Park project demonstrates that with appropriate decision support (crop consultants),
decision-making, investment, planning, scheduling and delivery, the true potential of the macadamia
inter row is realised. The BioResources project team further acknowledges that the results we present
here on arthropods build on an existing farm-management philosophy, which has been in development
for 10 years and includes investment in soil health (composting, fermentation and production of
biological agents for improved microbiology), roll-out of integrated pest and disease management
(IPDM), and macadamia tree row removal. From here there is scope to further refine and target seed
mixes (for example select plant species that are especially attractive to biocontrol parasitoids with
plantings timed to provide them with resources when they need them most).

Whilst some of the original intention in sowing seed mixes was to manage soil health following row
removal at Piccadilly Park, cover cropping is also a strategy to enhance other ecosystem services
including pest suppression by encouraging the activity of predators and parasitoids. Certainly, the
BioResources team found this to be true as parasitoids were three times more abundant in the cover
crop inter row and more than double in number in the cover crop macadamia trees compared to the
close mow treatment. Similarly, predators were almost three times as abundant in the cover crop block
and had nearly double the population in the cover crop macadamia trees. We also found strong numbers
for soil beneficial arthropods. However, it should be noted that even in the complete close mow block a
thriving population of beneficial insects is present, when compared to many other farms participating in
this project where native vegetation and cover cropping (as present at Piccadilly Park) are not
incorporated into the farm system. Across the whole orchard at Piccadilly Park, the Harris family have
developed over the years several areas to increase vegetational diversity, which have also increased the
overall farm biodiversity which maintains ecosystem functions. Even prey diversity, for example, can have
a powerful effect on the nutrition, reproduction and survival of natural enemies.
This study involved initial monitoring the presence of arthropods in response to cover cropping in
the orchard. There are however some limitations to this approach, namely untangling the complex
food webs of the orchard ecology, and what impact this has on pest control, soil health, yield and other
benefits. Further investigation of this will strengthen pest suppression. The Harris family’s conscious
minimization of insecticides, particularly during the project period has undoubtedly further helped
maintain beneficial arthropod populations as chemical controls are a major impediment to biological
control.
When the findings from all of the farms that participated in this project are taken into consideration, it is
clear that insectaries have meaningful influence on orchard ecology when growers can commit to
inclusion of the insectary in the orchard in terms of space allocation and long-term management. This is
very strongly evidenced at Piccadilly Park, where there is a commitment to “managed vegetative
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diversity” in the inter row, headlands, field margins and other areas for habitat suitable for beneficial
insects. As the Harris family have demonstrated, decisions to improve plant diversity with seeding, welltimed seeding, native revegetation, and so on are very influential. Detailed recommendations for cover
cropping in macadamia orchards will be available in a forthcoming project, being rolled out by the
BioResources team in collaboration with Piccadilly Park in 2020-21 (Photo 7).

Photo 7: Piccadilly Park inter row cover crop February 2020. As Piccadilly Park continues with row removal and cover
cropping in 2020-21, BioResources will work with them to gather and present results and recommendations. Check
www.bioresources.com.au for updates.
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