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management practices may help mitigate variation 
within and between orchard blocks, the benefits 
(above and below ground) of various approaches 
are not well understood, and will vary substantially 
between seasons, soil types and regions. One of the 
key challenges with orchard floor management is 
the multiple impact (positive and negative) on  
functions that different decisions can have. 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 their water 
and nutrient uptake, especially under drought  
conditions. Consequently, there is uncertainty on 
which single or integrated management practice 
might be best suited to particular soils, sites and site 
histories and how best to implement the approach. 

Functions of the orchard floor 
The traditional orchard floor has a grassy inter-row 
sward and herbicide treated band along the tree line 
to maintain a weed free strip. This enables simplicity 
of management, traction and stability for tractors 
and machinery during wetter periods and prevents 
soil erosion and runoff. Whole of system research 
has shown that the orchard floor makes an important 
contribution to plant and animal diversity which in 
turn influences soil health, pest and disease  
management and sanitation of the orchard floor.  
At the microscopic scale, the orchard floor strongly 
influences important soil functions such as nutrient 
availability, water holding capacity and microbial 
presence and diversity.  

There is a growing appreciation of the  
integral importance of soil life and plant-symbiotic 
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The orchard floor can often be overlooked as just  
a place to drive, keep mown or weed free with our 
eyes naturally drawn to the main prize, the apple tree. 
This study, led by Dr Nigel Swarts of the Tasmanian 
Institute of Agriculture (TIA), recognises the untapped 
potential of the orchard floor to influence the complex 
system that drives apple tree health, nutrition, water 
availability and orchard resilience. 

The orchard floor comprises a series of  
interconnected systems and relationships that deeply 
influence the production of high-quality apple fruit. 
The orchard floor is the gateway to an apple tree’s 
life support system of roots, soil, water and nutrients 
and home to a myriad of life forms, from micro to 
macro, both above and below the surface.   

As part of the third apple and pear levy-funded 
Productivity, Irrigation, Pests and Soils Program 
(PIPS3), the TIA research team will tease out the 
science of these relationships and provide evidence 
to support orchard floor management decisions that 
optimise fruit quality and soil health. The project is 
working collaboratively with all PIPS3 Program  
research projects, particularly Agriculture Victoria’s 
AP19002 (IPDM practices) as the methods and  
solutions being investigated by both projects share 
common ground. This strategic approach aims to 
deliver practical and efficient methods to improve 
soil health, maximise water and nutrient use  
efficiency, minimise pest and disease incursion and 
the overall environmental footprint of the orchard.  

This article explores the many interrelated 
functions of the orchard floor and how research will 
address key questions about how best to manage 
the floor sustainably to achieve desired fruit quality 
outcomes and long-term soil health.  

What we know – what we don’t 
know 
Many growers are already successfully implementing 
sustainable orchard management practices that  
include the application of soil amendments and 
inter-row sward and tree line plantings. Whilst these 
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interactions in orchard sustainability and healthy 
soils. A prominent component of soil life is mycorrhiza 
which is the symbiotic association between fungi 
and plant roots. Arbuscular mycorrhizae (AM) are 
well-known to form associations with roots of  
perennial tree crops and provide strong benefits to 
plant nutrition, pathogen protection, stress tolerance 
and soil structure. AM fungi are thought to decrease 
nutrient leaching by expanding the nutrient  
interception zone due to the development of a  
mycorrhizosphere, but also thanks to increased  
nutrient uptake, enhanced soil structure and fostering 
of the microbial community with associated  
nutrient immobilization. As many conventional  
agricultural practices such as tillage, synthetic  
fertiliser, pesticides and herbicides tend to negatively 
affect mycorrhizal function there is need for research 
management practices that will promote the  
diversity, function and effectiveness of AM fungi 
and other naturally occurring organisms. Research 
in this project will consider which mycorrhizal fungi 
and soil microbial communities are likely to have 
the greatest influence on the physiology of tree  
nutrient uptake and water relations. 

Indicators for good soil health 
One of the key questions of this research is ‘what  
is a healthy orchard soil and what is the impact of 
different management practices on soil health?’  
The research on 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. 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 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 

Manjimup (WA) field trial site 
in a conventional orchard with 
a flowering meadow mix inter 
row on 2 December 2020.  

Photo: Susie Murphy White, 
WA. 

Manjimup (WA) field trial site 
in a conventional orchard with 
mushroom compost in the 
tree line and inter row is 
grower practice. (Grower 
Compost) 

Photo: Susie Murphy White, 
WA. 

Manjimup (WA) field trial site 
in a conventional orchard with 
a green manure mix inter row 
on 2 December 2020. Good 
establishment of all species 
although the tillage radish has 
blown to the west and is very 
dense in the tree line. 

Photo: Susie Murphy White, 
WA. 
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Crimson and white clover  
flowering and annual and  

perennial ryegrass in the tree 
line at Manjimup conventional 

orchard. 

Photo: Susie Murphy White, 
WA. 

indicators, and how the changed management has 
influenced the health of the soil. The project’s target 
is to demonstrate a management approach that 
can be used to mitigate spatial and temporal  
variability in orchard blocks and use the indicators 
to assess benefits in terms of resource use efficiency, 
tree heath, fruit yield and quality outcomes.  

and nutrient availability for root uptake; (iii) increased 
abundance of soil and understorey 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 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 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) and optimising nutrient ratios and aluminium 
content characteristics. 

Change for the better 
With these indicators, it is important to recognise 
that there is a difference between changed and  
improved soil properties due to a treatment. The 
project will use the existing extensive soil database 
(www.applesoils.com) to build an understanding  
of what a ‘healthy’ soil looks like, in terms of these  
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Freshly applied mushroom 
compost and early established 
flowering meadow mix  
October 2020 at Manjimup 
conventional orchard. 

Photo: Susie Murphy White, 
WA. 
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Mushroom compost and early 
establish ryegrass and clover 
mix in October 2020 at  
Manjimup conventional  
orchard. 
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Integrated Management Solutions – action with multiple benefits

Integrated management is about coordinating multiple functions or components of a system through 
fewer actions that will more efficiently and effectively deliver a common goal.  

A key focus of the PIPS3 Program is the delivery of integrated management solutions (IMS) that  
effectively measure and manage dependent relationships in the orchard, taking into account any  
flow-on effects to other components of the orchard system.  

By developing integrated management solutions, the intent is that growers will be able to proactively 
control, resolve issues and maximise outcomes by managing multiple functions or components of the 
orchard system to achieve more efficient, multi-benefit outcome from a single action.     

An integrated experimental  
approach for an integrated solution 
A priority of the project’s research approach is to  
ensure that the orchard management practices 
tested are integrated management solutions,  
practical and have benefits that outweigh any  
associated costs. Important elements of this project 
include (i) building on (not replicating) the significant 
work already done on irrigation and nutrient  
management; (ii) integration with activities focused 
on orchard production systems such as pruning, crop 
load, pest and disease management; (iii) working 
with regional front-line advisors, agronomists, and 
soil experts and incorporating experiences with  
precision and regenerative agriculture from other  
industries e.g., viticulture and grains.  

The project has established research/ 
demonstration trial blocks in each of the main apple 
growing regions around Australia. These are located 
in orchards of Tasmania’s Huon Valley, Victoria’s 
Goulburn Valley, South Australia, Western Australia 
& New South Wales, and reflect regional priorities 
as well as variation in soil, climatic and  
management systems.   

Research trials will investigate how different 
plantings, both inter row and along the tree line,  
influence soil health, tree health and nutrition, fruit 
yield and quality. The treatments include a range of 
tree-line cover crops (legume/grass mix), composts, 
mulch, conventional grower bare strip  and inter-row 
plantings (native herbaceous mix, flowering 
meadow mix, grass/legume mix).    

Species selection is fundamental. PIPS3  
Program research teams and regional specialists 
have worked cooperatively to select plant species 
that fulfil a range of functions. Above ground the 
plants of the orchard floor provide a home for  
pollinators, predators and other beneficial insects. 
The species selected need to be robust and resilient 
to traffic, but not invasive and competitive, and  
provide shelter without creating a negative  
environment for pest and disease. At the soil 
boundary and below live the host of invertebrates 
(insects, millipedes, spiders, and earth worms) and 
microbes that are strongly influenced by the orchard 

floor plant species. These are an essential part of 
the cycling system for our leaf litter and prunings 
that contribute to soil and tree health. These in  
turn are influenced by other orchard management  
practices including irrigation and nutrient applications.  
The integration of management solutions by the 
PIPS3 Program recognises these important  
interrelationships in the orchard. By nurturing  
the complexity, orchard resilience and long-term 
productivity will be the winner. AFG




