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Innovating Avocado

From Lab to Orchard and Beyond

Mitter Lab: Innovating Avocado

We love Challenges….     We love Avocado…
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BioClay-

Phytophthora

Innovating Avocado – The list keeps on growing…

Indoor farming

/hydroponics/aeroponics

https://www.quora.com/Can-you-grow-an-avocado-with-hydroponics

PropagationAvocado genomics

LCA  - Sustainability

Tissue Culture- Nursery- Orchard

Cryopreservation

Digital Twins for 
orchard design
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Chromosomal level genome of Hass 

Onkar Nath

PhD Student

42,642 genes

Steve Fletcher
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Reference genome sequencing of >45 avocado cultivars
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M1 (T-G) 2 1 1 1 1 1 - 2 2 2 0 2 1 2 1 1 1 1 2 2 1 2 2 1 2 2 2 2 2 1 2 0 1 1 2 1 1 1 0 2 1 2 2 2

M2 (T-C) 2 1 1 2 1 1 1 2 2 1 1 0 2 1 2 2 2 2 2 1 0 2 2 0 1 2 2 2 0 1 1 1 1 2 1 1 1 2 2 1 0 1 1 1

M3 (A-G) 1 2 0 0 0 0 0 1 0 2 2 2 0 2 1 1 2 1 1 2 0 1 2 1 2 0 2 1 0 0 2 2 2 0 2 1 2 0 0 1 0 2 0 0

M4 (G-A) 0 2 2 0 - 0 - - 2 0 2 - 0 0 0 - 2 - - - 0 2 0 0 2 1 - 2 - 1 0 0 2 0 - 1 - 0 0 0 0 0 0 0

M5 (C-T) 1 2 1 0 1 1 - - 1 1 1 1 1 1 1 1 1 - 2 1 1 2 1 2 2 1 2 1 1 1 2 1 2 1 2 1 - 1 2 2 2 1 1 2

M6 (G-A) 1 2 1 2 1 1 0 0 1 0 1 - 2 0 1 1 1 - 0 0 1 2 0 1 2 1 0 0 1 1 2 1 0 1 - 2 0 1 2 1 1 1 2 1

M7 (T-C) 1 2 2 2 1 2 1 2 2 2 1 2 1 2 2 1 2 - 2 2 2 2 2 1 2 0 2 2 2 2 2 1 2 2 2 1 - 1 2 1 2 2 2 1

M8 (C-T) 0 0 0 0 0 0 2 1 0 0 2 - 2 2 2 2 0 - 2 1 0 2 0 2 1 2 2 1 0 0 2 1 0 0 2 0 - 0 0 0 0 2 2 1

M9 (T-A-G) - 2 2 2 - 2 - 2 2 - - - 2 - 2 2 2 2 2 2 - 2 2 2 2 2 2 2 - 2 2 - 2 2 - 2 1 - 2 - 2 2 - 2

47 more avocado cultivars sequenced and compared to Hass

Minimal marker set developed that distinguishes cultivars
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Innovating Avocado – genomics 
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 Hass and Gwen Genome as a reference for future studies.

 Identification, characterization and functional analysis of

features like genes, proteins, non-coding RNAs etc.

 Markers assisted identification of cultivars

 Further analysis of variants will assist in identifying reasons for

differences between cultivars.

This genome provides a tool to support future advances in the development of

elite avocado varieties with desired traits
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Clonal Rootstock Propagation

fruiting scion

clonal 

rootstock

nurse plant

Clonal propagation of rootstocks. (Ernst 1999) 

(with adaptations)

Dr André Ernst at the 

Maluma Symposium in 

March 2020

Industry lost a Champion 
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AVOCADO TISSUE CULTURE: LAB - NURSERY - ORCHARD

8

Andersons Horticulture – Fruitful collaboration 

200 to 500 plants from  < 1mm cutting from a mature tree
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Nursery & Field Evaluated - 4 years of data
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Tissue culture plants in Bundaberg, 2019- 2023
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International and Domestic Survey

Domestic cohort:

• 42% identified as growers/farmers

• 19% as breeders/researchers

• 11% Agronomists

• 11% consultants

• 8% as nursery/suppliers 

Perceptual Factors Influencing the Adoption of Innovative Tissue Culture Technology by the Australian 
Avocado Industry. Thorne, H.B.; Axtens, J.; Best, T. 
Agriculture 2022, 12, 1288. https://doi.org/10.3390/agriculture12091288

End User Perceptions

https://urldefense.proofpoint.com/v2/url?u=https-3A__doi.org_10.3390_agriculture12091288&d=DwMF-g&c=tpTxelpKGw9ZbZ5Dlo0lybSxHDHIiYjksG4icXfalgk&r=kJyojPCEiU8pIQvo9bjl_odduDTtR3Q4H-wOo8a73LM&m=zZrnUJbRZyBumPFlB_N44EwPkXu3uJVZJOkfkjvxC038DtnaX9KS4fnlozt3QL9L&s=zNrlXdXsKNAheU_Kg4nV5IAwq_3W18hPZoU-adyW59E&e=
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• >72% cannot access enough 

plants

• >56% cannot access the 

quality of plants they want

• >53% cannot access the 

cultivars they want 

 Confirmed these problems are 

not just perceived by researchers

End User Perceptions- Major Survey Finding #1
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• 2/3 Domestic respondents believe TC could be beneficial

• Most desired characteristics:

• Quality of TC root system

• Disease tolerance/Disease-free status

• Fruit quality

• What would be the major influencer for TC adoption?

• Field Observations (80%) and Professional Recommendations (83%)

 Field-testing performance is essential for industry acceptance

A major financial benefit at the grower level will be on-demand supply of desired trees – earlier 
planting = earlier returns

Speed to market – new rootstocks and scions

Major Survey Finding #2
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World’s first frozen avocados in the field...

cv. velvick

cv. Reed

Developed the worlds first cryopreservation protocol using shoot tips for avocado germplasm 

conservation – NEED FOR GLOBAL CONSORTIUM – CRYOBANKS FOR AVOCADO

Frozen orchards – plants now in the field
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Cell Fusion/ Gene Editing (CRISPR):

Cell Fusion Technology – Non GM

Ability to hybridise diverse germplasm without the need for flowering

Callus proliferation Regenerative callus Shoot regeneration 

Yuxin Xue

Duboisia
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Speed Breeding

Aeroponics/hydroponics/light/temperature

Synchronous flowering

Reduced time to flowering 

and fruit set 

Rapid Screening

Unleashing the Power of Avocado Indoor

Pesticide Free 

Production

Hydroponic

LED lighting

Prof Paul Gauthier
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Avocado in Iceland!

1

8
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RNA-based Biopesticides - BioClayTM

 RNA as the biological active ingredient

 Clay particles as carriers of the active

Inventors: 

Prof. Neena Mitter

Prof. Gordon Xu

Prof. Max Lu

 Non-GM

 NO RESIDUE

 SPECIFIC

 STABLE

 SUSTAINABLE

 SAFE

 Multiple Patents

 Nufarm Australia Limited –

industry partner

 ARC Hub ~$18M

http://www.google.com.au/url?sa=i&rct=j&q=gates%20foundation&source=images&cd=&cad=rja&docid=Cb02rqBKmJAGyM&tbnid=eSTY6l9qyJk3PM:&ved=0CAUQjRw&url=http://www.forbes.com/sites/mfonobongnsehe/2012/07/06/bill-and-melinda-gates-foundation-grants-8-million-to-help-african-dairy-farmers/&ei=S7ZKUZi8Go3wlAWa6YGICg&psig=AFQjCNE4NEflzkFJC9yw4OCj_4GbR2ZVtQ&ust=1363937170998515
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Stabilise? Stick to the leaf?

Protect from rain?

Non-toxic?

No residue?

Environmentally 

friendly?

Easy to adopt?

 Unstable

 Easily washed off

 Short protection 
window

Can we deliver RNA sprays as a viable 

system for growers without genetic 

modification?
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Inert biodegradable clay (Mg + Fe) to deliver RNAi

What is BioClay?

• Applied as a spray application without the need to alter 

the plant genome

• Clay layers degrade naturally leaving no residue

• Extended stability and slow release of dsRNA on plant 

surface

Double stranded RNA of the pest or pathogen is used to kill the 

pathogen itself – Nature vs Nature
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BioClay Platform

Australian Research Council Research Hub for Sustainable 

Crop Protection -

Targeting Fungal Diseases

~$18 million cash and in-kind

Universities, multiple RDCs, 

State Governments and 

Nufarm Australia Limited

https://crophub.com.au/

https://www.croplife.org.au
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54 members 

17 nationalities 
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The Research Hub process
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BioClay it works -

BioClayControl

Water Naked dsRNA BioClayTomato spotted wilt 

virus/capsicum Zucchini yellow mosaic virus 

Live 

Whitefly

BioClay 

Dead Whitefly

water Naked dsRNABioClay

Botrytis on chickpea

BioClay

dsRNA protects lemon myrtle trees from rust
Control
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No P. cinnamomi + P. cinnamomi + P. cinnamomi + dsRNA

Targeting Phytophthora cinnamomi

Unpublished
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Testing different RNA application methods

Crown dips Foliar sprays                Petiole soaking          Trunk injections

Unpublished
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dsRNA can be delivered to avocado leaves and roots via 

foliar sprays and trunk injections

Intact dsRNA is present in new leaves and 

roots 6 weeks post delivery

unpublished

Dr Anne Sawyer
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On 8th October 2019 the Australian Parliament formally agreed with the Office of 

the Gene Technology Regulator’s proposal that topically-applied dsRNA be 

exempt from GMO regulations



CRICOS code 00025BThe Queensland Alliance for Agriculture and Food Innovation (QAAFI) is a research institute of The University of Queensland (UQ), supported by the Queensland Government. 30

[Entity Name]

Naked dsRNA:

•Short or nil withholding periods (set to allow chemical 

residues in edible commodities for domestic markets)

•Short or nil export intervals (to satisfy the standards 

imposed by overseas trading partners)

Trade and Markets
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Endless 

possibilities…

VIRUSES

FUNGI

INSECTS

PACKHOUSES!!

PROTECTED 

CROPPING !!

Hailing Jin, Nature Plants , 2016

pesticide research.com

Spruce.com

Bayer.com

Youtube.com

ANIMAL HEALTH !!

BIOSECURITY!!
agric.wa.gov.au

Nsw farming

pbt.padil.gov.au

Daf.qld.gov.au

Agric.wa.giv.au

Innovations aimed at 

contributing to the 

supermarket trolley

Design of 

regulation 

and public 

opinion are 

crucial 
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Thank you
FROM AVONDERFUL 
MITTER TEAM


