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FOREWORD

Australia is largely self-sufficient in fruit and vegetables.
The industry is intensive, typically seasonal in operation,
and dominated by small-scale farms. With fruit, nut and
vegetable cropping worth $5.5 billion, and other
horticulture an additional $1.7 billion in 2005-06,
horticulture is Australia’s third-largest agricultural
industry, and a major employer in rural areas.

Most Australian production is for domestic markets, but
the horticulture industries also contribute significantly to
exports. In 2004-05, fresh fruit, vegetable and nut exports
were worth $800 million, wine exports were worth

$2.7 billion, and other processed horticultural produce was
worth $400 million. At the same time, fruit, nut and
vegetable imports provided additional diversity, and met
gaps in domestic production.

Effective, integrated disease-management and quarantine
strategies have been essential for minimising losses and
facilitating market access for Australia’s development as a
major producer and exporter of high-quality fruit, nuts
and vegetables. In recent years, the threats of global
warming to the sustainability of cropping, the limitations
in water and land availability, and the rising costs of fuel
and other inputs have reinforced the need for making
production and marketing as efficient as possible through
better disease control. Also, in line with community
expectations for high-quality produce with minimal
chemical residues, it has become critical for the rural
community to manage pests and diseases responsibly as
well as effectively.

Accurate identification of the plant diseases attacking
horticultural crops is a key step in choosing safe and
effective control options and in maintaining biosecurity
preparedness. This need was addressed by publishing the

Handbook of Plant Diseases in Colour — Fruit and Vegetables
by the Queensland Department of Primary Industries in
1978, and in subsequent separate volumes covering fruit and
vegetables respectively in 1993 and 1994. This complete
revision, Diseases of Fruit Crops in Australia, incorporates
overviews of the causes and the main disease types attacking
fruit crops, and 17 separate chapters covering particular fruit
groups. The book illustrates the major diseases of fruit
currently present in Australia, with concise information on
their cause, symptoms, disease cycle and management. In
addition, some key exotic diseases that represent biosecurity
threats to Australian horticulture are covered.

Assembling the illustrations and preparing the text has
been a national effort. Although most of the authors are
from the Department of Primary Industries and Fisheries,
Queensland, plant pathologists in all States have
contributed either as authors or by providing images and
information. The Australasian Plant Pathology Society,
which represents the discipline of plant pathology in
Australia and New Zealand, is very pleased to provide
sponsorship and support for this important publication.

Previous editions in this series have proved popular and
I am sure that this book will prove an essential resource for
anyone involved in managing fruit production and quality.

j o~

Dr. Greg | Johnson
President
Australasian Plant Pathology Society

Plant Health is Earth’s Wealth






PREFACE

Diseases of Fruit Crops in Australia is the third in a series of
plant disease handbooks produced by plant pathologists
from the Department of Primary Industries & Fisheries,
Queensland. The purpose of each has been to provide a
diagnostic guide and a key reference for diseases affecting
fruit and nut crops in Australia. The first, Handbook of
Plant Diseases in Colour — Fruit and Vegetables, was
compiled by Noel Vock and published in 1978 with a
second edition published in 1982. In the mid 1990s it was
fully revised and published as two separate volumes:
Diseases of Fruit Crops and Diseases of Vegetable Crops.

This current edition, written some 15 years later, is
extensively revised and expanded.

With the contributions of colleagues throughout Australia,
the editors and authors provide essential information and
images of the important diseases affecting most fruit and
nut crops grown across Australia’s diverse horticultural
production areas.

Diseases of Fruit Crops in Australia is for growers, their
consultants and managers, horticulturists, plant
pathologists, plant protection diagnosticians, integrated
pest-management specialists, educators, students and
agribusiness representatives, as well as the enthusiastic
home gardener and hobby farmer.

The first chapter is an introduction to the causes, nature
and principles underlying the management of plant
diseases. It also includes a list of the extensive sources of
information about pathogen groups and plant diseases in
general. The second chapter is an overview of several
diseases affecting many fruit crops and the information
links to the chapters on specific crop diseases.

The remaining chapters discuss the diseases of specific
crops. The diseases are organised first by pathogen type
then by an alphabetical listing of diseases under each type
of pathogen.

Each disease description includes information about
symptoms, means of spread, disease development and
survival, importance, and management. The latter
emphasises the need to adopt an integrated approach to
disease-management, applying all the appropriate cultural,
crop-management and chemical methods to achieve a cost-
effective and sustainable result.

The end of each chapter lists sources of more detailed
information.

High-quality colour images support the disease
descriptions throughout the book. The images selected help
with disease identification, and include early symptoms or
distinguishing features.

Early detection of exotic diseases that are a biosecurity
threat to Australian horticultural industries is vital if they
are to be contained or appropriately managed. To assist
industry awareness, the major biosecurity threats for most
crops have been included, using industry biosecurity plans
as a guide.

A glossary and index complete the book.

Specific chemical recommendations are not included in the
disease management sections because they change
regularly, and can vary between regions and States. Current
chemical recommendations are available elsewhere in
specific crop management guides, and from government
and private extension and consultancy services.






CONTRIBUTORS

Chrys Akem, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: chrys.akem@dpi.qld.gov.au

Olufemi (Femi) Akinsanmi, Tree Pathology Centre, The
University of Queensland/Queensland Primary Industries
and Fisheries, Department of Employment, Economic
Development and Innovation

Email: olufemi.akinsanmi@dpi.qgld.gov.au

Jay Anderson, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Emalil: jay.anderson@dpi.qgld.gov.au

Lindy Coates, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: lindy.coates@dpi.qld.gov.au

Tony Cooke, Queensland Primary Industries and Fisheries,
Department of Employment, Economic Development and
Innovation

Email: tony.cooke@dpi.qld.gov.au

Elizabeth Dann, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: elizabeth.dann@dpi.qld.gov.au

Nerida Donovan, NSW Department of Primary Industries
Email: nerida.donovan@dpi.nsw.gov.au

André Drenth, Tree Pathology Centre, The University of
Queensland/Queensland Primary Industries and Fisheries,
Department of Employment, Economic Development and
Innovation

Email: andre.drenth@dpi.qld.gov.au

Bob Emmett, Department of Primary Industries,
Victoria
Email: bob.emmett@dpi.vic.gov.au

Leif Forsberg, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: leif.forsberg@dpi.qld.gov.au

Cherie Gambley, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: cherie.gambley@dpi.qld.gov.au

Kathy Grice, Queensland Primary Industries and Fisheries,
Department of Employment, Economic Development and
Innovation

Email: kathy.grice@dpi.qld.gov.au

Barbara Hall, South Australian Research and Development
Institute, Primary Industries and Resources, South
Australia

Email: Hall.Barbara@saugov.sa.gov.au

Juliane Henderson, Tree Pathology Centre, The University
of Queensland/Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: juliane.henderson@dpi.qgld.gov.au

Christine Horlock, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: christine.horlock@dpi.qld.gov.au

Don Hutton, Queensland Primary Industries and Fisheries,
Department of Employment, Economic Development and
Innovation

Email: don.hutton@dpi.qld.gov.au

Peter Magarey, South Australian Research and
Development Institute, Primary Industries, South Australia
Email: magarey.peter@saugov.sa.gov.au

Andrew Miles, Tree Pathology Centre, The University of
Queensland/Queensland Primary Industries and Fisheries,
Department of Employment, Economic Development and
Innovation

Email: andrew.miles@dpi.qld.gov.au

Tony Pattison, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: tony.pattison@dpi.qld.gov.au

Ken Pegg, Queensland Primary Industries and Fisheries,
Department of Employment, Economic Development and
Innovation

Email: ken.pegg@dpi.qld.gov.au

Denis Persley, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: denis.persley@dpi.qld.gov.au

Len Tesoriero, NSW Department of Primary Industries
Email: len.tesoriero@dpi.nsw.gov.au



John Thomas, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: john.thomas@dpi.qld.gov.au

Lynton Vawdey, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: lynton.vawdrey@dpi.qld.gov.au

Anthony Young, Queensland Primary Industries and
Fisheries, Department of Employment, Economic
Development and Innovation

Email: anthony;young@dpi.qld.gov.au



ACKNOWLEDGMENTS

We wish to acknowledge funding support from the Australian Centre for International Agricultural Research (ACIAR)

and the Australasian Plant Pathology Society (APPS).

Australian Government

Australian Centre for
International Agricultural Research

The editors and authors are grateful for the assistance and
advice provided by colleagues throughout Australia,
especially Gordon Brown, Lindy Coates, Jan Dean, André
Drenth, Leif Forsberg, Cherie Gambley, Andrew Geering,
Chin Gouk, Greg Johnson, Wade Milne, David Peasley,
Ken Pegg, Michael Ramsden, Roger Shivas, John Thomas,
Cherie Thomson, Greg Walker, Scott Weir, Trevor Wicks
and Carrie Wright.

[lustrations were supplied by Paul Mooney of Mooney Fine
Art. Special thanks to Leif Forsberg for excellent
photographic work.

Photographic images were provided by the following people
and organisations.

Queensland Primary Industries and Fisheries (QPIF),
Department of Employment, Economic Development and
Innovation:

Tony Cooke and Denis Persley — principal contributors
Olufemi Akinsanmi — Figs. 11.11, 11.12, 11.13

Jay Anderson — Figs. 10.4, 10.5, 10.6

Ian Bally — Figs. 12.25, 12.34, 12.35

Jeff Daniels — Figs. 5.2-5.5, 5.13, 5.14, 5.22, 5.34-5.36

André Drenth (QPIF and Tree Pathology Centre,
University of Queensland) — Figs. 6.33, 6.35, 19.7-19.9

James Drinnan — Figs. 7.2, 7.3

Leif Forsberg — Figs. 1.3, 1.4, 1.8, 1.9, 1.12, 2.13, 2.14, 2.16,
2.17,2.19, 4.21, 6.36, 7.1,9.12, 12.7, 12.28, 12.29, 14.27, 16.4,
16.15-16.20, 16.29, 19.6, 19.10

Cherie Gambley — Figs. 16.27, 16.28

Apollo Gomez — Figs. 18.3, 18.4, 18.6, 18.9, 18.11, 18.14,
18.18-18.20, 18.24, 18.26

Kathy Grice — Figs. 5.17, 5.18, 5.22 (inset), 5.25, 5.42,
5.43,5.44

Juliane Henderson (QPIF and Tree Pathology Centre,
University of Queensland) — Figs. 5.15, 5.16, 5.24, 5.26,
5.28,5.47

Christine Horlock — Fig. 2.30
Scott Ledger — Figs. 12.16, 12.18 (inset)
Alistair Mctaggart — Figs. 2.20, 12.32

Andrew Miles — Figs. 2.32, 2.33, 6.1, 6.4—6.7, 6.10, 6.11, 6.13,
6.14, 6.18, 6.25, 11.2, 11.3

Simon Newett — Figs. 1.1, 16.8—16.10

Tony Patterson — Figs. 2.27, 5.50, 5.52

Dougal Russell — Figs. 17.5, 17.6, 17.20-17.22

Roger Shivas — Fig. 6.24

Linda Smith — Figs. 5.38, 5.39

John Thomas — Figs. 5.53-5.64

Matthew Weinert — Figs. 12.34, 12.35

Anthony Young — Figs. 5.7, 5.8, 5.9, 5.10, 12.1-12.4, 12.6
Other organisations:

Rengasmy Balasubramaniam, NZ Horticulture and Food
Research Institute, Marlborough Research Centre,
Blenheim, NZ — Fig. 19.18

Guy Blomme, International Network for Improvement of
Banana and Plantain — Figs. 5.6, 5.8

Sharon van Brunschot, CRC National Plant Biosecurity —
Figs. 5.30, 5.31

Jack Kelly Clark, University of California —
Figs. 2.31, 9.6, 18.31-18.33



Jonathan Crane, University of Florida — Fig. 4.12

Andrew Daly, Department of Regional Development,
Primary Industry, Fisheries and Resources, NT —
Figs. 19.21, 19.22

SE da Silveira, Darcy Ribeiro State University of North
Fluminense, Campos-R], Brazil — Fig. 2.11

Maria do Céu Silva, IICT/CIFC, Portugal — Figs. 7.6, 7.7

Bob Emmett, Department of Primary Industries, Victoria —
Figs. 6.39, 9.28 (inset), 9.30

Barbara Hall, South Australian Research and Development
Institute, PISA — Figs. 13.1, 13.5-13.15

Colin Jeacocke, Sunkist Plantation, Gin Gin, Queensland —
Fig. 12.15

Greg Johnson, Horticulture 4 Development — Figs. 1.7, 2.20,
12.30-12.33, 12.39, 12.41, 12.42

José R Liberato, Department of Regional Development,
Primary Industry, Fisheries and Resources, NT — Fig. 7.5

S. Kamis, Plant Protection & Quarantine, Dept. Agriculture,
Malaysia — Figs. 14.1, 14.3

Peter Magarey, South Australian Research and
Development Institute, PISA — Figs. 2.30, 9.1, 9.2, 9.5, 9.6,
9.9, 9.10, 9.13-9.17, 9.19, 9.20, 9.23-9.29

Simon McKirdy, CRC for Plant Biosecurity — Figs. 2.31, 9.6

John Menge, University of California — Fig. 4.22

New South Wales Department of Primary Industries — Figs.
6.8, 6.9, 6.20 (left), 6.23, 6.26-6.28, 6.31, 6.33, 6.35, 6.44

Marli FS Papa, University Estadual Paulista, Brazil,
produced with permission from The American
Phytopathological Society, St. Paul, MN - Fig. 2.10

David Peasley, Peasley Horticultural Services — Fig. 15.13
Natalia Peres, University of Florida — Figs. 18.1, 18.2
Randy Ploetz, University of Florida — Figs. 4.13, 4.14, 7.4
Jay W Pscheidt, Oregon State University — Fig. 3.1

JA Rocabado, Darcy Ribeiro State University of North
Fluminense, Campos-R], Brazil — Fig. 2.10

Brendon Rodoni, Department of Primary Industries,
Victoria — Figs. 3.2, 3.3, 17.28, 17.30-17.32

Col Scott, Brisbane — Fig. 16.29
Craig Smith, Childers — Fig. 15.9

Mark Whattam, Australian Quarantine Inspection Service —
Figs. 13.2-13.4

Tony Whiley, Sunshine Horticultural Services Pty Ltd —
Fig. 1.1

Zainuri, Department of Agricultural Technology Lombok,
Indonesia — Fig. 12.12

Erxun Zhou, Department of Plant Pathology, South China
Agricultural University, Guangzhou, China — Fig. 10.7



