Enrico Biancardi - Tetsuo Tamada
Editors

Rhizomania

@ Springer



Rhizomania






Enrico Biancardi ¢ Tetsuo Tamada
Editors

Rhizomania

@ Springer



Editors

Enrico Biancardi Tetsuo Tamada

Stazione Sperimentale di Bieticoltura Agricultural Research Institute

Rovigo, Italy Hokuren Federation of Agricultural
Cooperatives

Naganuma, Hokkaido, Japan

ISBN 978-3-319-30676-6 ISBN 978-3-319-30678-0  (eBook)
DOI 10.1007/978-3-319-30678-0

Library of Congress Control Number: 2016946022

© Springer International Publishing Switzerland 2016

Chapter 9 was created within the capacity of an US governmental employment. US copyright protection
does not apply.

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, express or implied, with respect to the material contained herein or for any errors
or omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG Switzerland



“To my wife Donatella, who accepted to
spend her life not only with me but also with

the genus Beta”
—Enrico Biancardi

“To my wife Sachiko and my daughters
Machiko and Chieko who gave warm support

to my BNYVV work”
—Tetsuo Tamada






Foreword

An unknown disease of sugar beet was detected in Italy more than 50 years ago.
Soon the new syndrome displayed devastating effects on yield. This greatly con-
cerned the Italian sugar beet growers and processors, especially considering that the
syndrome had spread to the most important Italian cultivation areas.

It was the start of a memorable enterprise for pathologists, breeders, and agrono-
mists. The spontaneous and unusual synergy created among the universities,
research stations, seed companies, and grower associations led not only at the first
very appropriate attempts of prophylaxis measures but also to an awareness that the
only possible management would be through the use of resistant varieties. In this
phase, the Beta maritima germplasm selected at Rovigo and later at Salinas began
to display its value against the new disease called “rizomania.” Some resistant vari-
eties were released, thanks to enhanced knowledge of the pathogenic agents (beet
necrotic yellow vein virus and Polymyxa betae) obtained in Japan and Germany.

It also was the beginning of countless research projects and collaborations world-
wide, which, in a relatively short time, led to almost complete control of the disease.
There are perhaps few other diseases, even affecting more important crops, on
which so many papers have been published. It should be noted that the most signifi-
cant results in the discovery of rhizomania resistance traits were obtained by public
research stations, often without any specific funding.

The future of sugar beet currently is endangered by the development of resistant
strains in the virus, among other things. I believe that it also will be possible to
overcome these new obstacles with the help of the powerful tools provided by
molecular investigation and following the knowledge carefully collected in this very
useful book, the first devoted exclusively to rhizomania.

The issue was much more difficult 50 years ago, when no one knew anything
about the syndrome and the researchers only had their eyes to see, a microscope to
look closer, and a pencil to take notes.

Alma Mater Studiorum Antonio Canova
Bologna, Italy
May 2016
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Preface

This book is the result of an international enterprise among researchers involved in
past and present studies on rhizomania, a relatively new and devastating disease of
sugar beet. In less than 50 years, the disease has become the most damaging biotic
factor affecting the crop worldwide. Moreover, its spread is still ongoing in every
cultivated area. Because the traditional management systems were almost ineffec-
tive, it was soon evident that the employment of genetic resistances was the only
chance for limiting the economic damage. The discovery of the pathogenic agents
and the release of the first resistant varieties are described by some of the research-
ers directly involved.

The breeding efforts led to both the current satisfactory management of the dis-
ease and to the survival of the beet sugar industry in several areas. The cooperation
between the Italian and American Experimental Stations, born spontaneously about
80 years ago and still continuing today, should be remembered. The friendly col-
laboration led to the employment of genetic traits extracted from Beta maritima,
which became the sole source so far of the resistances available against the
disease.

The introduction briefly describes sugar beet cultivation, the more common dis-
eases, and the damage caused by rhizomania. This is necessary because the book
also is addressed to readers who are not directly involved with sugar beet. Without
these brief explanations, some parts of the text would not be fully comprehensible.
The following chapters refer to the molecular physiology of the disease agents and
their interactions with the environment and the host-plant. The knowledge of ecol-
ogy and epidemiology of rhizomania is, above all else, necessary to understand the
means and practices valuable to avoid or at least delay the further spread of the
disease into healthy soils. Some promising methods of control using concurrent but
not damaging viruses, bacteria, and fungi are in progress. They could help the action
of the genetic resistances, which are not completely effective. The integrated pro-
tection is useful, especially in the even more frequent occurrences of resistance-
breaking strains of BNYVYV, where the known types of resistance seem to have
partially lost their original efficacy. Some almost immune transgenic varieties are
already awaiting release. For traditional breeding, further efforts will be needed in
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search of new resistances in the wild species of the genus Beta. The availability of
large collections of Beta germplasm collected all over the world should ensure fur-
ther success in this direction. The target will be gained by means of conventional
selection methods, assisted by updated techniques for genome analyses. Finally,
perspectives are described to not only reduce the current damages but also to avoid
further spread and noxious evolutions of rhizomania agents.

By means of interdisciplinary approaches, this book was edited above all to pro-
vide a broad, comprehensive, and updated overview of the various aspects of rhizo-
mania, now scattered in countless publications. The outlook should be valuable for
farmers, extension services, students, and researchers committed to ensuring the
future of the sugar beet crop.

Rovigo, Italy Enrico Biancardi
Naganuma, Japan Tetsuo Tamada
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Chapter 1
Introduction

Enrico Biancardi and Robert T. Lewellen

Abstract The use of beets as a sugar-producing crop is rather recent, dating to a
little over two centuries ago. However, domestication of beets dates back to prehis-
toric times. The history of the crop is summarized and represents an outstanding
example of agricultural accomplishment. Sugar beet is subjected to a number of
biotic and abiotic factors that more or less severely limit both sugar yield and pro-
cessing quality. As it is for industrial purposes with specific requirements, sugar beet
cultivation has been always more difficult than other crops. It is believed that agricul-
tural innovation was introduced to accommodate cropping systems (e.g., crop rota-
tion, row cropping) and technology to improve the sucrose production and its
extraction (e.g., progeny testing). Among the diseases affecting the crop, rhizomania
is certainly the most dangerous. Currently, the cropping of sugar beet would be dif-
ficult without the availability of some source of rhizomania resistance. The economic
damage caused by rhizomania and its rapid spread across the world are described.

Keywords Sugar beet * Rhizomania ® BNYVV e Polymyxa betae * Genetic
resistances

Farming sugar beet began in Germany just over two centuries ago. Within a few
decades, the crop assumed increasing importance in a number of European coun-
tries. Despite higher cultivation costs and care needed to grow a successful crop,
farmer’s income was improved by including sugar beet in the rotation. Moreover,
the industry was based, often for the first time, in the countryside and every sugar
factory provided employment for hundreds of workers. The crop rapidly became a
hub of the economy and technical evolution of agriculture. Intended to counteract
the monopoly of sugar produced by cane, sugar beet had to survive times of trouble
(social, economic, political) due not only to the frequent world overproduction and
consequent low prices, but also to the spread of serious diseases. Rhizomania has
been one of these for around half a century, becoming rapidly widespread all over

E. Biancardi (<)
Formerly: Stazione Sperimentale di Bieticoltura, Rovigo, Italy
e-mail: enrico.biancardi@alice.it

R.T. Lewellen
Formerly: USDA-Agricultural Research Service, Salinas, CA, USA
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the world with rare exceptions. So far, breeding research has allowed satisfactory
control of the damages by means of resistant varieties. Despite this, the disease is
still rapidly expanding.

1.1 Beets and Sugar Beets

The wild ancestor was similar to the current sea beet [Beta vulgaris L. subsp. mari-
tima (L.) Arcang.] (Fig. 1.1), now classified as a subspecies (subsp.) together with
different types of cultivated beets, Beta vulgaris (Beta vulgaris L. subsp. vulgaris)
(Ford-Lloyd et al. 1975; Ford-Lloyd 2005). The subspecies vulgaris and maritima
belong to the species vulgaris, included in the section Beta (Vulgares), genus Beta,
and family Amaranthaceae (formerly Chenopodiaceae). The other species and sub-
species of the genus Beta (Box 1.1), usually named “wild beets,” do not have com-
mercial value. However, with the expected progress in molecular biology and gene
transfer, they could become future sources of traits useful for the cultivated variet-
ies. As crosses with wild beets of other sections of the genus Beta are difficult using
traditional means, the best results so far have been obtained with B. maritima.

Fig. 1.1 Beta maritima
living in very difficult
conditions near Porto
Levante, Italy. From beets
collected at the same site
in 1909, resistances to
cercospora leaf spot and
rhizomania have been
obtained (Biancardi et al.
2012)
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Introduction

Box 1.1: Taxonomy of Genus Beta

Based on molecular phylogenetics, a modified taxonomy of the genus Beta
was proposed by Kadereit et al. (2006) and Hohmann et al. (2006). More
recently, Kadereit et al. (2006) suggested the reintroduction of the subfamily
Betoideae, first proposed by Ulbrich (1934), because it better explains
the position of the genus Befa inside the family or “alliance”
Chenopodiaceae/Amaranthaceae and fits better with the analysis of the
nuclear ribosomal ITS1 sequences. According to this proposal, the taxonomy
of the genus Beta was revised by moving the section IV Procumbentes into
another genus due to the differences between it and the species in the section
I Beta. To do this, Kadereit et al. (2006) proposed the introduction of a sepa-
rate genus Patellifolia, including the species procumbens, patellaris, and web-
biana (Table 1.1). They also suggested the elimination of the section III
Nanae, incorporating Beta nana (the lone species in that section) into section
Corollinae. Hohmann et al. (2006), according to Kadereit et al. (2006),
included only two sections (Beta and Corollinae) in the genus Beta. The fam-
ily Amaranthaceae belongs to the order Caryophyllales (McGrath and
Townsend 2015).

Table 1.1 Comparison of the taxonomy of the genus Beta proposed by Ford-Lloyd (2005)
and Kadereit et al. (2006)

Ford-Lloyd (2005) Kadereit et al. (2006)

Genus Beta Genus Beta

Section I Beta (Vulgares) Section I Beta

Beta vulgaris Beta vulgaris
subsp. vulgaris (cultivated forms?®) subsp. vulgaris (cultivated forms?®)
subsp. maritima subsp. maritima
subsp. adanensis subsp. adanensis

Beta macrocarpa Beta macrocarpa

Beta patula

Section II Corollinae Section II Corollinae

Beta corolliflora Beta corolliflora

Beta lomatogona Beta lomatogona

Beta intermedia Beta trigyna

Beta trigyna Beta nana

Section III Nanae

Beta nana

Section IV Procumbentes Genus Patellifolia

Beta procumbens Patellifolia procumbens

Beta patellaris Patellifolia patellaris

Beta webbiana Patellifolia webbiana

*Cultivated forms include sugar beet group, leaf beet group, fodder beet group, and garden
beet group (Lange et al. 1999)



