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For many decades the sugar beet crop has been 

one of the corner stones of the activities and 

income of many farmers and sugar industries 

world wide. Breeding has contributed 

enormously in maintaining the competitive 

position of this crop. Continuous yield increases, 

contributions to cost savings operations and 

improving the tolerance to the devastating 

effects of pests, diseases and climate mark the 

development of the crop through the years.

The Sugar Regime Reform in the EU and the 

tightening of the possibilities for chemical 

plant protectants seem to indicate that the roll 

of plant breeding will even be increasing in the 

coming years. 

One of the big achievements of plant breeding 

in sugar beets has been the development 

varieties tolerant to Rhizomania, caused by 

Beet necrotic yellow vein virus, transmitted to 

the sugar beet plants by a soil born parasite, 

Polymyxa betae. Since the seventie this disease 

has spread rapidly all over the (sugar beet 

growing) world and SESVanderHave was one of 

the major contributors to manage this problem. 

However, diseases and crops are in a constant 

evolution and it has become clear that a new 

pathotype of this disease is emerging, that 

creates severe disease problems in commercial 

varieties ‘equipped’ with the resistance genes 

currently used.   

This development asks for a new big effort from 

the seed houses to add new resistance genes in 

the varieties for the future. With its Tandem 

Technology SESVanderHave is proud to present 

the first generation of such new varieties.

It is almost sure that this will not be the last 

challenge coming from this disease. With the 

changing political, economical and biological 

environment, plant breeding is one of the 

lines with an extremely low ecological foot 

print providing answers and to solutions for a 

constantly changing agriculture. 
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Introduction 
Rhizomania is one of the main sugar beet dis-

eases. It is caused by the Beet Necrotic Yellow 

Vein Virus (BNYVV1), which is itself transmitted 

to the sugar beet through an intermediary the 

root parasite Polymyxa betae, a protist living 

in the soil2 (Hleibieh et al., 2007). This disease 

primarily attacks the root of the plant from the 

soil covering stage in June onwards. The term 

‘Rhizomania’ is Greek for ‘root madness’ and was 

chosen by Canova in 1966 due to one of the most 

characteristic symptoms of the disease: a prolifer-

ation of lateral rootlets along the main tap root.

 

The disease was first observed during the 1950s 

in the Po valley in the north of Italy. At the 

time, no one could have imagined the signific-

ance that it would soon have. But at the begin-

ning of the 1970s, it was observed for the first 

time in Alsace and during the 1980s and 1990s 

it extended to almost all of other sugar beet 

zones of France. At the same time, the disease 

spread to most other European countries and 

the world including China, USA and Japan. For 

some years it has also been present in the north 

of Europe (Denmark, Sweden and England).

For a time, the worst was feared due to its 

considerable capacity for propagation (mainly 

caused by irrigation), combined with the sever-

ity of the damage caused (yield and sugar con-

tent in free fall) and the absence of any means 

of control. In the early 1980s in certain partic-

ularly badly affected regions (for example, the 

west Gâtinais plain in France), the damage was 

so extensive that the end of sugar beet cultiva-

tion was thought to be in sight. 

However, this was before the remarkable work 

done by our plant breeders was brought to 

bear: some years later, the first variety with 

resistance to Rhizomania in Europe, Rizor, was 

launched by De Biaggi, a breeder at SES. De-

veloped especially for Italy, Rizor enabled grow-

ers to continue to produce sugar beet in the Po 

valley. A year later, in 1985, Rizor was granted 

a special dispensation enabling it to be sold dir-

ectly in France.

Over the last few decades, plant breeders have 

worked tirelessly to improve the productiv-

ity and quality of varieties with resistance to 

Rhizomania. By 2008, the genetic progress 

made by seed producers has been such that the 

vast majority of growers in France, Belgium and  

Holland now sow varieties resistant to Rhizo-

mania on all of their fields.

Figure 1. Typical Symptoms of Rhizomania (Source: ITB)

(1) Necrotic yellow vein virus on sugar beet
(2) For a long time, Polymyxa betae was associated with minor funguses 
but today it is classed with protists (mobile, single cell living organisms) 
(Hleibieh et al., 2007). However, as its morphology is quite similar to that 
of a single cell fungus, it is still sometimes referred to as a ‘pseudo-fungus’



A virus is not made up of living cells but for many functions that are necessary for its life cycle it 

depends on host cells. In fact, a virus is a very small particle (approximately 1,000,000 times smaller 

than a plant cell) made up of: (1) nucleic acid molecules (DNA3 or RNA4, containing genetic inform-

ation) protected by (2) a regular geometric-shaped protein capsule called a “capsid”. 

In the case of BNYVV, the virus is made up of 4 to 5 molecules of RNA enclosed in a small stick-

shaped capsid.

The nucleic acid present in a virus constitutes a limited number of coding genes for a number of 

proteins (between 4 and 12 in the case of plant viruses) whose functions include: reproduction, move-

ment, transmission from plant to plant by means of a vector, encapsidation, symptomatology, etc.  

All of these functions are necessary for the life cycle of the virus.

But to synthesize proteins from genes, a whole series of tools is required: enzymes, ribosomes, etc. 

Initially, the virus has almost none of these tools so on its own it is not capable of manufacturing the 

proteins it requires to multiply. 

This is why a virus needs to enter a host cell and use the cell’s mechanisms for its own multiplication. 

This takes place to the detriment of the plant whose growth and development can, in some cases, 

become significantly altered. The virus is said to be an obligatory parasite.

Figure 2. The Rhizomania virus is made up 

of 4 or 5 molecules of RNA enclosed by 

a stick-shaped capsid that measures approx-

imately one hundred nanometres in length 

(1 nanometre = 1 millionth of a meter).  

Source: Professeur D. Gilmer  

(Institut de Biologie Moléculaire  

des Plantes à Strasbourg)

(3) Deoxyribonucleic acid 
(4) Ribonucleic acid
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What is a virus? 
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Geographical distribution

Rhizomania disease

Rhizomania is found in all regions of the world 

where sugar beet is grown: North America, Asia, 

North Africa, Europe, Russia, etc. 

Today in Europe, all countries are affected by 

the disease. It is estimated that approximately 

80% of Europe is contaminated. In fact, only  

Finland and Ireland (where sugar beet is no 

longer grown following the sugar reform) ap-

pear to have been spared to date. The comparat-

ive isolation and colder climate of these regions 

are without doubt responsible for this.

In general, it has become fairly difficult to find 

estimates of the distribution of Rhizomania or 

of the percentage of the area contaminated 

in countries such as France, Belgium and the  

Netherlands. First, because the disease is con-

sidered to have been present in almost all of the 

sugar beet producing regions of these countries 

and second, because the use of varieties resistant 

to the disease has become almost systematic. 

In Great Britain, on the other hand, the situation 

is different. Rhizomania was first identified there 

rather late (1987). Initially, it only affected light 

soils in East Anglia but then spread rapidly both 

to heavier soils in the region and light soils in  

Lincolnshire and Nottinghamshire (around the 

Newark sugar factory). All sugar beet areas are 

now affected to some extent.

Many specialists believe that climate change will 

cause more rapid propagation of rhizomania in 

Great Britain. Indeed unseasonally wet condi-

tions in 2007 and 2008 have increased propoga-

tion of the disease, however this has been com-

pounded by some growers reluctance to change 

from susceptible varieties resulting in a 7 fold 

increase in inoculum build up compared to using 

varieties with resistance to Rhizomania (Mark 

Stevens - Brooms Barn). As a consequence the 

prognosis is that Great Britain will be exclusively 

growing varieties with resistance to Rhizomania 

within the next 3 years.

Figure 3. Recent Rhizomania Outbreaks  

in East Anglia (UK)

Source: Dr. Mark Stevens - Broom’s Barn  

(Rothamsted Research Center)
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Different pathotypes of the virus 

There are three pathotypes of BNYVV virus in 

Europe: A, B and P. Type A is the most common 

and is present in most European countries as well 

as in North America, Japan and China. Type B is 

is also common in France, Germany and Great 

Britain. Type P is the least common in Europe: 

to date, it has only recently been detected in the 

Pithiviers region in France (south of Paris) and 

in one site in the East Anglia region of Great  

Britain. However, it is present in China and  

Japan, and has been detected in Kazakhstan.

Type P is currently much talked about as it ap-

pears to carry the largest concentrations of the 

virus in the vector (Büttner et al., 2004). The 

systematic transport of the virus in the plant is 

also more frequent in the case of this pathotype, 

which, in addition, causes more marked foliage 

symptoms.

Figure 4. Distribution of the Various Pathotypes of the Rhizomania Virus (BNYVV)  

(Modified from: Pferdmenges & Varrelmann, 2008)
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Figure 5. The Life Cycle of Polymyxa betae and the Rhizomania Virus (BNYVV) 

With kind permission from Dr. Mark Stevens - Broom’s Barn (Rothamsted Research Center)

Epidemiology

Cycle

The vector of the virus, Polymyxa betae, is a prot-

ist living in the soil and parasitising the roots. It 

survives in the soil in the form of sporosores: 

masses of very resistant dormant spores. In the 

absence of favourable conditions, the Polymyxa 

betae/BNYVV complex can maintain its infec-

tious potential in a dormant state for several 

decades in the soil. 

When the temperature of the soil reaches 15 

to 25°C and has a high degree of humidity, the 

dormant spores germinate and produce primary 

zoospores. Attracted by secretions from the 

rootlets of the host plant, they swim through the 

water in the soil, propelled by their flagellum. 

When the zoospores reach the outer surface of 

the rootlets, they hook onto it and discharge 

their cellular contents inside the plant’s cells. The 

result of this is the formation of a plurinucleated 

cytoplasmic mass (the ‘plasmodium’). 

This is how the virus in the zoospores is also  

discharged into the plant cells where it begins its 

own cycle of multiplication. 

After an incubation period in the plant cells, the 

Polymyxa betae plasmodium can begin to evolve 

in two different ways, depending on the climatic 

conditions:

•	 If conditions are unfavourable (cold, dry 

weather), it will form survival units (the  

cystospore)

•	 If conditions are favourable (warm and wet), 

after passing through the zoosporangial 

stage it will produce secondary zoospores 

which will leave and colonize new host cells.

When they form, the sporosores and zoospores 

will again carry viral particles.

Zoospore 1Masses of dormant spores

Plasmodium

Encystment and 
penetration

Plasmodium

Encystment and 
penetration

Zoospore 2

Zoosporangial



(5) At present, irrigation is still a determining propagation factor for 
Rhizomania.
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Dispersal and growth factors

Polymyxa betae spores can be dispersed by  

water (rain, run-off, irrigation5, etc.) and by the 

soil (farming equipment and transportation of 

sugar beet, potato, turnip crops, etc.) (Hleibieh et 

al., 2007). With larger machinery and contractors 

operating across several farms there is consider-

able opportunity for mechanical dispersal of the 

spores.

The environmental factors that will contribute 

to the development of the disease are those that  

favour the proliferation of its vector in the soil:

 presence of a host plant

 high temperatures and abundant rainfall 

(warm, wet spring)

A neutral to alkaline soil pH is also favourable to 

the development of Polymyxa betae. The increase 

in fertiliser prices has resulted in an increase in use 

of composted green waste, which often has very 

high pH levels. High application rates on low fer-

tility soils may therefore exacerbate the infection.

Hosts

The Polymyxa betae/BNYVV complex multiplies 

mainly in plants belonging to the chenopodi-

acea family (sugar beet, chenopodium, spinach) 

and amaranth family.
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Symptoms

In foliage

Rhizomania symptoms appear in patches in the fields and are only homogeneous in the case of very 

severe outbreaks (late sowing combined with a warm, wet spring). These patches of diseased plants 

can often be seen with the naked eye:

•	 from the month of June onwards: wilting of the foliage, particularly during the hottest part of 

the day (a) 

•	 most commonly towards the end of summer: foliage characterized by a pale green-yellow colour (b)

•	 the new leaf blades produced are narrow; their leaf stalks are long and upright (c)

•	 in rare cases, yellowing and necrosis of leaf veins (d: onset of symptoms; e: generalized symptom, 

a sign of very major infection) 

This is the symptom that gave its name to the (beet necrotic yellow vein) virus responsible for 

Rhizomania although it is only very rarely observed in practice. In fact, the virus actually multiplies 

mostly in the root. Although systemic infection is possible, the virus does not often migrate as far 

as the leaves. 

•	 in some cases, the leaves become crinkled

a/ 

c/ e/ 

b/ 

d/ 

Figure 6. Typical symptoms of Rhizomania observed in sugar beet leaves. Source a and c: ITB
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a/ b/ 

b/ b/ c/ 

In the roots

Root symptoms typically only appear at the end of growth:

•	 girdling of the lower part of the root (a)

•	 anarchical development of a dense, dark root hair (b) 

Gradually, these rootlets dry up and turn from white to brown. New white rootlets are produced 

continuously. This is known as a ‘salt and pepper beard’. 

•	 inside the root, the vascular rings turn brown and die (c). 

•	 sometimes accompanied by the development of perpendicular lateral roots

The disease limits the plant’s capacity to take up water and nutrients (N, K, Mn, Mg, Bo, etc.).

Figure 7. Typical symptoms of Rhizomania observed in sugar beet leaves.



11Technical leaflet SESVanderHave     Rhizomania

Diagnosis

The IRBAB/KBIVB6 (BetaConsult) in Belgium, the IRS 7 (BetaKwik) in the Netherlands have together 

developed a decision-making aid for growers comprising, in particular, a tool for identifying pests and 

diseases: 

•	 IRBAB /KBIVB http://www.irbab-kbivb.be/fr/actuality/beta_consult/

•	 IRS: http://www.irs.nl/overzicht.asp?sOnderdeel=betakwik

Rhizomania symptoms are relatively easy to identify. The first symptoms usually appear in the leaves. 

Following this, analysis of the roots will confirm or rule out the diagnosis. 

However, some confusion is possible: 

 The wilting observed in the leaves is the 

result of poor water uptake. This symptom 

can have a number of causes (diseases, pest 

attacks, water stress in sandy soils, cyst-

nematodes, etc.) and is not necessarily 

linked to Rhizomania.

 The fading/yellowing of foliage can 

sometimes be caused by a lack of nitrogen. 

In certain cases, confusion may also be 

caused by the symptoms of yellowing 

viruses transmitted by aphids. In the case of 

the latter, however, the disease is 

accompanied by storage of starch in the leaf 

tissues, which makes the leaves heavy, hard 

and brittle.

 The proliferation of root hair caused by a 

severe outbreak of nematodes is fairly 

similar to that observed in the case of 

Rhizomania. However, the presence or 

absence of the white cysts that are 

characteristic of nematodes make it possible 

to distinguish between the two diseases 

quite quickly. 

 The appearance of perpendicular lateral 

roots can also be due to poor soil structure 

or an attack by the soil fungus 

Aphanomyces cochlioides.

If any doubt remains, detection tests (ELISA or PCR) can be performed in the laboratory. However, these 

are fairly expensive. In addition, since Rhizomania is endemic in Europe, where there is a suspicion of 

a Rhizomania infection, most growers will take a pre-cautionary approach and automatically sow a 

variety that has resistance to the disease. 

(6) IRBAB, Institut Royal Belge pour l’Amélioration de la Betterave;  
KBIVB, Koninlijk Belgisch Instituut tot Verbetering van de Biet (Belgium).
(7) IRS, Instituut voor Rationele Suikerproductie (The Netherlands).



Figure 9. The 5 Main Stages of a 

DAS (Double Antibody Sandwich) 

Type ELISA Test 

Two types of test can be carried out to detect the presence of the BNYVV virus in the rootlets of a 

sugar beet plant. The first is based on recognition of the virus by an antibody (ELISA test). The second 

consists of an amplification of the RNA of the virus (PCR).

The ELISA-test 
ELISA stands for Enzyme-Linked Immunosorbent Assay. There are several variations of the ELISA test.  

The one used to detect BNYVV is the ‘Double Antibody Sandwich (DAS)’ type. It is carried out in 

5 main steps: 

1. A sieve plate of small wells is prepared

2.  A solution of antibodies8 specific to the 

BNYVV virus is put on the plate; the anti-

bodies bind to the surface of the plate due 

to the effect of electrostatic attraction

3.  Each sample (usually a rootlet extract) is 

placed in a well on the plate; if the antigen 

– that is to say the BNYVV virus - is present, 

it binds to the antibody and stays trapped 

in the plate

4.  A second layer of antibodies bound to an 

enzyme is added to the plate; if the virus 

has been trapped in one of the wells, it 

will also bond to this antibody. The result 

is that the enzyme is present in a well only 

if the BNYVV virus is also trapped

5.   A substrate is added to the plate; in con-

tact with the enzyme it is transformed and 

emits a signal visible to the naked eye or 

spectrophotometer, which means that the 

virus is present in the well and therefore in 

the sample analyzed.

Detection of the virus in the laboratory

(8) Antibody: a protein used by the immune system to control pathogenic agents (bacteria, viruses, etc.). 
 Antigen: a molecule considered to be foreign by an organism. Each antibody is specific to an antigen: there will be an immune response (i.e. to recog-

nize and neutralize an antigen by an antibody) only if the right antibody finds the antigen for which it is intended

Figure 8. The wells of the ELISA plate are filled  

using a multipipette. 
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Antibody + enzyme Antibody Antigen (virus) Substrate



The PCR-test
PCR stands for Polymerase Chain Reaction. This is a molecular biology method that is used to copy a 

known DNA sequence (i.e. a gene) a great many times.

First, the DNA of the sample – here, cells from the root or leaves of the plant to be analyzed, must be 

extracted. The question asked is: is the virus DNA present in this extract? 

Next, the polymerase chain reaction proper begins. 

Modified from:  

Martin EK, Sveska Dagbladet.

Figure 10. The principle of PCR 

(Polymerase Chain Reaction):

1 The plant’s DNA is extracted from a sample 

of roots or leaves. 

2 The strands of DNA are separated.

3  Synthetic DNA initiators are added that 

bond specifically to the fragment of DNA 

to be identified (e.g. that of a virus). 

4  The ‘DNA polymerase’ enzyme is added: 

it assembles a full copy of each of the 

2 strands of DNA from the initiators.

5  This process is repeated a great many times 

generating millions of copies of the DNA 

fragment to be identified. 

The result of this reaction is that if the virus 

was present initially in the sample analyzed, a 

given DNA sequence belonging to it will have 

been copied between a million to a billion 

times. 

Electrophoresis is used to determine whether 

the DNA virus sequence in question has been 

copied during the PCR. This consists of placing 

all the DNA molecules produced by the PCR in 

a gel and forcing them to migrate through 

an electric field. They separate according to 

their size: the shortest molecules will travel 

further than the longest ones. By comparing 

the distance migrated by the amplified DNA 

with that of control DNA fragment from a 

virus, it is easy to see whether the virus was 

present in the initial sample. 

Note: the virus responsible for Rhizomania is 

a virus made up of RNA and not DNA. In this 

case, the PCR must be preceded by a viral RNA 

retranscription into viral DNA. This is known 

as Reverse Transcription-Polymerase Chain 

Reaction (RT-PCR) (Meunier et al., 2003), but 

the general idea is the same.
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Economic  
importance

Depending on the sensitivity of the variety of 

sugar beet, the amount of inoculum9 present 

in the soil, the type of BNYVV, climatic condi-

tions and the period of infection, the infestation 

can be severe and cause very major economic  

damage (ITB, 2008): 

•	 Reduction of sugar content: by 2 to 

4 percentage points (e.g. 16% to 14/12%) 

•	 Loss of yield: up to 70%

•	 Increase of land tare (the root hairs retain a 

lot of earth when uprooted)

•	 Extractability significantly reduced 

(increased Na and inverted sugar content)

•	 Seven fold increase in inoculum build up 

if not using varieties with Rhizomania 

resistance 

(9) Number of units of viruliferous Polymyxa 
betae per unit of volume of soil.
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Disease control

There is no authorized chemical treatment for Rhizomania. The only effective and accessible way to 

control it is by using a variety of seed that has resistance to the disease so limiting the spread of the 

virus in the plant and therefore reducing its infectious potential in the soil. 

Over the course of the last 20 years, progress in the genetics of varieties with resistance to Rhizomania 

has been remarkable. Today, in a healthy field, varieties that have resistance to the disease are as 

productive as those of conventional varieties. In France, the Netherlands and Belgium, their use is 

widespread and conventional varieties have now all but disappeared.

Figure 11. Segmentation of the sugar beet seed market in Belgium, France and the Netherlands in 2007. 

In addition to using a variety that has resistance to Rhizomania,   

a number of agronomic measures are recommended:

•	 Ensure low levels of humidity in the soil (sufficient drainage, maintenance or improvement of the 

soil structure, sparse irrigation even limited to 70% of the crop’s requirements) 

•	 Avoid soil movement (harvest in dry conditions) 

•	 Early sowing

Extending rotation is advised but will only have a limited effect on the infectious potential of the soil 

given Polymyxa betae/BNYVV’s capacity to survive for decades in the soil (Hleibieh et al., 2007).
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Varieties resistant to Rhizomania 

Chronology of breeding for resistance

Developed by De Biaggi, the plant breeder at SES in the early 80s in Italy, Rizor was the first Rhizomania 

resistant variety in Europe (Biancardi et al., 2002). It is no exaggeration to say at this time that, thanks 

to this variety, SES saved the sugar beet crops in the most seriously affected regions of Europe (e.g. 

Alsace and the south of Paris, France, and the Po valley in Italy). Rizor’s resistance to the disease, which 

the plant breeder SES De Biaggi commercialized, came from the famous Italian genotypes ‘Alba’ that 

were tolerant of beet cercosporiosis and selected by Munerati some decades later. Initially, this source 

of resistance probably came from Beta maritima, a wild species of beet (Biancardi et al., 2002).

Controlled by a single gene, this resistance 

brought with it a number of disadvantages 

for sugar production: reduced sugar content, 

lower root yield, poor resistance to bolting, etc. 

Successive back-crosses were used to introduce 

this resistance in an elite non-resistant line. 

This consists of making a first cross between 

a non-resistant elite line and a resistant wild 

species. The result of this initial cross (F1) is 

then crossed again with the elite parent: this 

is known as back-crossing. This step is repeated 

a great many times. After each back-cross, the 

plants are selected that possess both as many 

characteristics as possible as the elite parent 

and that are resistant to Rhizomania (molecular 

techniques are used to do this that make it 

possible to follow the gene responsible for 

resistance, this is known as marker assisted 

selection). After a certain number of back-

crosses, plants are obtained that are resistant 

to Rhizomania where they have acquired the 

characteristics of the elite parent. 
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Back-cross No. 2

Rhizomania resistant

Possessor of ‘good’ agronomic charateristics (sugar content, root yield, bolting resistance, ...)

Figure 12. Resistance to Rhizomania identified in a wild beet was introduced in our varieties  

of sugar beet through successive back-crosses.



Selecting varieties of sugar beet is a long and extremely complex process.   

Sugar beet is a biannual species that requires a cold period – also called “vernalization” – to change 

from a vegetative growth mode (during which the root develops) to a reproductive growth mode 

(bolting, flowering, fertilization and seed production). Compared with cereals, the length of time 

between the two growths will, therefore, clearly be longer and the selection plan will be significantly 

extended. 

Although the successful methods of SESVanderHave breeding and selection are a well guarded 

secret, the basic of the technique is as follows. The sugar beet seed marketed is the fruit of a 3-way 

hybridisation. This means that the sugar beet sown in your field is in fact the result of a synthesis of 

3 different pure genotype lines: 

1 The sterile male (SM), also called ‘female’

2 The type O (TO) also called ‘sterility maintainer’

3 The pollinator (Po), also called ‘male parent’

The sugar beet seed marketed is the result of a cross between the SMF1 (parent ♀, resulting from the 

product of the combination of the sterile male and type O) and the Po (parent ♂): this is, therefore, 

a ‘3-way’ hybrid. The SMF1 is called “seed-carrier” in the field of seed production. To be certain that 

the latter produces good quantities of seed after being crossed with Po, SMF1 must also be a hybrid. 

In fact, all pure lines suffer to varying degrees from a depression related to the phenomenon of 

inbreeding. In the case of sugar beet, this takes the form, in particular, of a reduction in the capacity 

to produce good quantities of seed per plant. This is the reason why SMF1 is itself the fruit of a cross 

between an SM and a Type O rather than a pure line. 

Selecting the variety of sugar beet
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Figure 13. The sugar beet seed is a 

three-way hybrid. 

Hybrid

Monogerm Monogerm

Monogerm Multigerm



The monogerm character of the hybrid seed 

was transmitted by the female parent (SM). 

The male parent is multigerm. The sterile male 

character of the female parent (SM) is related 

to the phenomenon of cytoplasmic sterility. This 

character is important. In effect, the sugar beet 

plant has both male and female reproductive 

organs. Although it is unlikely to self-fertilize, 

it is necessary to minimize the chance of self-

pollination. 

The fact that the varieties of sugar beet are 

hybrids makes it possible to combine desirable 

characteristics that were initially present in only 

one of their parents In addition, hybrids possess 

the extraordinary characteristic of being more 

vigorous as regards these traits than their 

parents, a phenomenon known as hybrid 

vigour or in plant breeders jargon: ‘heterosis’.

The genetic characteristics of a seed are 

determined, therefore, by the choice of actors 

in this 3-way hybridisation. So the work of 

the plant breeders consists, in particular, of 

choosing the correct combination of Po, SM 

and Type O that makes up the marketed variety.
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At present, most of the varieties that have resistance to the disease are no longer produced from 

Rizor resistance but from the ‘Holly’ resistance gene. Identified for the first time by the plant breeder, 

Erichsen, in genotypes tested in the USA, ‘Holly’ is, nonetheless, of Italian origin. Some scientists think 

that like the ‘Rizor’ gene, it may be derived from Beta Maritima (Biancardi et al., 2002). The fact that 

their modes of action are similar – limited multiplication and movement of the virus in the plant – on 

one hand, and the fact that they were mapped onto the same chromosomal fragment - on the other 

hand, would tend to confirm this hypothesis. But in actual fact, some mystery remains concerning the 

genealogy of the ‘Holly’ gene. 

Management of Rhizomania resistant genes

Currently, the main source of resistance to 

Rhizomania, therefore consists of a single, unique 

dominant gene. While this greatly facilitates the 

work of plant breeders, it does, however, give 

rise to fears that one day it will be overcome by 

new strains of the virus. Such phenomena have 

been revealed on several occasions over recent 

years (Richard-Molard, 2002). 

Certain ‘isolates’ belonging to pathotype A 

are responsible for several particularly serious 

outbreaks observed recently in the region of 

central Spain (La Mancha) and in California, in 

the south of Minnesota and in Idaho (United 

States) (Pferdmenges & Varrelmann, 2008). This 

type of outbreak is both due to the emergence 

within pathotype A of very aggressive isolates 

developing following genetic mutations and, to a 

lesser extent, to a high concentration of inoculum 

in the soil. These regions often have particularly 

favourable climatic (heat and humidity from 

irrigation) and agronomic conditions (very short 

rotation, low input farming). 

To counter this risk, in the United States, new 

SESVanderHave Rhizomania resistant varieties 

are based on the ‘Tandem Technology®’ 

concept: the hybrid possesses resistance that 

combines the ‘Holly’ gene with another 

source of resistance from Beta maritima 

of which SESVanderHave is the sole holder 

(Meulemans et al., 2003). Tandem technology 

produces excellent results even under extreme 

Rhizomania pressure.
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Figure 14. The Tandem concept makes it possible to obtain better performance under extreme Rhizomania  

pressure. Not yet necessary in Europe, it is already being used in some regions of the USA.

RZM 2
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In France, in the south Paris region and in Aisne, 

locally acute outbreaks of Rhizomania have 

been observed for some years now. The south 

of Paris is, in fact, one of the only regions in 

Europe where pathotype P of the Rhizomania 

virus is found, a particularly aggressive 

pathotype on account of its greater capacity 

to travel within the plant (‘greater systemic 

action’). Until recently, those areas that were 

under extreme pressure from Rhizomania were 

limited to a few round patches in a number 

of fields in the region and did not grow from 

one year to the next. However, during the 2008 

campaign, a more troubling observation was 

made for the first time: areas under extreme 

pressure increased significantly, in some cases 

covering almost all of some fields belonging to 

a higher number of growers, and sometimes 

with drastic consequences for yields. In this 

region, the combination of 2 or 3 year rotations 

with shared irrigation have probably led to 

an intense multiplication of the virus and its 

vector. “Each time the virus has the opportunity 

to multiply, it has the opportunity to generate 

a new isolate perhaps possessing the key to 

evading varietal resistance”. (Prof. C. Bragard 

from the Université Catholique de Louvain). It 

appears that this scenario has now been realised 

in some areas, so we should remain vigilant. 

By not acting, the late sowing conditions of 

the 2008 campaign probably exacerbated the 

damage caused by the disease. The use of new 

genetic solutions to control Rhizomania has 

therefore become a necessity in this region. A 

challenge that SESVanderHave, pioneer and 

leader in the field of Rhizomania, is ready to 

take up.



Pathotype P of the Rhizomania virus is 

particularly aggressive. It is very topical because 

it is responsible for several severe Rhizomania 

outbreaks in the region of Pithiviers, France 

(south of Paris). 

With the exception of Pithiviers in France, and 

a few sites around Norwich in Great Britain, this 

pathotype is not present elsewhere in Europe. 

However, it has been detected in Japan, China 

and Kazakhstan and, indeed, appears to be of 

Asian origin.

Numerous hypotheses have been put forward 

to explain the intriguing presence of this 

pathotype in Pithiviers, the most plausible 

being that the virus arrived there via mulberry 

trees possibly imported from Asia during the 

19th century for rearing silk worms. In 1837, 

several of these mulberry trees were in fact 

planted in the area of Monberneaume in the 

village of Yèvre-la-Ville, where they still stand 

today.

 

 

It was only a few meters from there that one of the first severe outbreaks by pathotype P was observed 

during the 1980s. ELISA tests performed by SESVanderHave revealed the presence of the virus in 

the soil at the base of these trees. However, other tests are necessary to confirm this hypothesis.  

(Le Betteravier Français, 2002).

Figure 15. The mulberry trees of the village of Yèvre-la-Ville may be responsible for  

the appearance of pathotype P of the rhizomania virus in Pithiviers.

The origin of type P rhizomania virus:  
mulberry trees from China?
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