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History of root diseases in Northern Germany

1960s

1980s

1990s

2005

2017

Verticillium wilt (Verticillium dahliae) 

Rhizome rot (Phytophthora cactorum)

Red root rot (P. fragariae)

Increase in black root rot:

Verticillium? nematodes? 

Rhizoctonia? Phytophthora?

First analyses: no known pathogen

5005 roots
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Survey area

Schleswig-

Holstein

Lang-

förden

Hannover

Esteburg
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1. Symptoms on strawberries

2. Isolation of pathogenic fungi

3. Occurrence of Cylindrocarpon spp.

4. Identification of relevant species

5. Perspective
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Symptoms on strawberries

1 yr old strawberries
(Hannover, 12 June 2007). 

• Symptoms associated with stressed

plants (drought and/or waterlogging)

• Gradual decline of the entire field
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Above-ground symptoms: 

Red leaves and small fruit

→ stunted growth

→ necrosis
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Late appearance

of above-ground symptoms
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• Black rot: no red colouration of stele

• Decomposition of cortex with intact stele

underneath

• New root growth only at the top of rhizome

• No growth of sucker roots

• Rhizome remains intact

Symptoms on strawberries
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Symptoms on raspberries

7 yr old ‘Glen Ample’ 
(Stader Geest, 17 May 2007). 

• Symptoms within but not between rows

• 25% of plants affected

• Thereafter no further spread
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1. Symptoms on strawberries

2. Isolation of pathogenic fungi

3. Occurrence of Cylindrocarpon spp.

4. Identification of relevant species

5. Perspective
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Root no.
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Diversity of isolated fungi

Species Medium Frequency

Coniothyrium fuckelii MEA +

Cylindrocarpon sp.I MEA +++

Cylindrocarpon sp.II MEA ++

Cylindrocarpon sp.III MEA +

Fusarium oxysporum MEA ++

Fusarium (various spp.) MEA +

Hainesia lythri MEA +

Phytophthora spp. CMA +

Pythium sylvaticum CMA +

Rhizoctonia AG-I MEA +

Verticillium dahliae MEA +
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Occurrence of Cylindrocarpon, Rhizoctonia and Verticillium in the roots of heavily

symptomatic strawberry plants in one field. Field had been tested positive for microsclerotia

of Verticillium prior to planting.

For each variety 6 plants, 6 roots per plant, 5 segments per root (n = 180).

Example: strawberry plantation (2 yr old)
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Are Cylindrocarpon species pathogens? 

Difficulty with soilborne fungi: Roots often strongly

decayed when first above-ground symptoms

become visible. 

1. Cylindrocarpon spp. always associated with

black root rot symptoms of strawberries and

raspberries

2. Pathogens isolated from every batch of diseased

plants

3. Kochʼs Postulates fulfilled…

Cylindrocarpon spores
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Confirmation of pathogenicity on strawberries

Control Cyl. sp.I Cyl. sp.II
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Isolate

Symptoms 

(after 8 weeks) sp. I sp. II sp. IV

Unbeimpft Keine 0 0 0

Cyl003 (sp.I) +++ 15 0 0

Cyl020 (sp.I) +++ 14 0 0

Cyl021 (sp.II) ++ 0 13 0

Cyl012 (sp.II) ++ 0 15 0

Cyl024 (sp.IV) + 1 0 14

Re-isolation from 15 roots

Results of inoculation trials
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1. Symptoms on strawberries and raspberries

2. Isolation of pathogenic fungi

3. Occurrence of Cylindrocarpon spp.

4. Identification of relevant species

5. Perspective
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Established fields 2007-2012

Strawberries

(2198 roots)

Raspberries

(797 roots)
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Strawberries

(1155 roots)

Raspberries

(640 roots)

Nursery plants 2007-2012
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Total strawberries: roots vs. rhizomes

Strawberries

(3353 roots)

Strawberries

(174 rhizomes)
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Cylindrocarpon – Summary of data

1. The most important current root rot pathogen in Northern 

Germany: Cylindrocarpon sp.I

2. Occurrence on strawberry and raspberry roots equally high 

3. DNA analysis, artificial infection experiments and 10 yr

observations indicate high pathogenicity of this species

4. At least 4 additional Cylindrocarpon spp. contribute to black

root rot

5. Rhizoctonia, Verticillium dahliae, Phytophthora and other

fungi have minor roles

6. On strawberry rhizomes: Phytophthora, Cylindrocarpon and

Verticillium are important
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Propagator

Species
A

Strawb.

B

Strawb.

C

Strawb.

D

Strawb.

C

Raspb.

D

Raspb.

E

Raspb.

Cyl. sp.I 2.6 27.1 23.9 21.6 31.5 24.6 16.7

Cyl. sp.II 13.9 - 0.6 0.8 4.0 4.0 -

Cyl. sp.III - - 1.3 - - - -

Cyl. sp.IV - - 2.8 27.2 - - -

Cyl. sp.V - - - - 5,0 - -

F. oxysporum 15.7 - 6.3 - 4.5 2.3 -

Rhizoctonia AG-I - - 2.5 0.8 0.5 1.7 -

Pythium sylvaticum - 0.4 0.6 - 4.0 4.0 -

Infection (% roots) of different nursery plant batches
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Infection of nursery material 

1. All Cylindrocarpon spp. as well as additional root-rot 

pathogens can be introduced with nursery plants

2. Especially Cylindrocarpon sp. I also common on nursery

material 

3. Other pathogens (Phytophthora, Rhizoctonia and Verticillium

dahliae) hardly present on nursery plants → soilborne in 

production fields?
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1. Symptoms on strawberries and raspberries

2. Isolation of pathogenic fungi

3. Occurrence of Cylindrocarpon spp.

4. Identification of relevant species

5. Perspective
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Preliminary

numbering
Probable identity

Strains

(∑ = 79 seq.)

sp. I Dactylonectria torresensis 24

sp. II
a. Ilyonectria crassa

b. Ilyonectria sp.

18

10

sp. III Ilyonectria robusta 10

sp. IV Cylindrocarpon obtusisporium 2

sp. V Ilyonectria sp. 10

various
Ilyonectria europaea

Ilyonectria liriodendri

3

2

Analysis of DNA sequences (ITS und HIS H3) 

Reference sequences available in 2013 

(Cabral et al., 2012)
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a

20 µm

b c

d e f

Microscopic features of D. torresensis



Black root rot (5 Nov. 2019) Roland W. S. Weber

What do we know about Cylindrocarpon sp. I ? 

Cylindrocarpon sp. I (Dactylonectria torresensis)

• common root rot of grapevine in Europe, North America, 

Australia, South Africa (Cabral et al., 2012)

• sporadic occurrence on strawberry roots (NL)

• found in N. Germany on A. nordmanniana

• highly destructive in grapevine nurseries in Portugal 

→ introduction into vineyards with nursery material
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Preliminary identity Formal identity
Sequences

(∑ = 16 Seq.)

Fusarium (resembling

Cylindrocarpon)
Fusarium oxysporum 2

Phialophora (sterile 

green mycelium)

a. Cadophora luteo-olivacea

b. Leptodontidium orchidicola

3

2

Verticillium dahliae Verticillium dahliae 2

Pythium spp.
a. Pythium sylvaticum

b. Pythium irregulare

4

1

Rhizoctonia Ceratobasidium AG-I (R. fragariae) 2

Additional potential pathogens
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1. Symptoms on strawberries and raspberries

2. Isolation of pathogenic fungi

3. Occurrence of Cylindrocarpon spp.

4. Identification of relevant species

5. Perspective
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Black root rot is a replant disease: 

new plants inserted into holes in 

established rows will fail
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Possible control options

1. Healthy planting material: Black root rot can

be recognised visually

2. Avoid replanting: New plantings into

established infection courts will lead to rapid 

death of plants

3. Check soil for nematodes prior to planting: 

Nematodes are vectors for root diseases

4. Control of nematodes by sowing Tagetes

between two strawberry cultures: No trial

results as yet for black root rot
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Possible control options

1. Healthy planting material: Black root rot can

be recognised visually

2. Avoid replanting: New plantings into

established infection courts lead to rapid 

death of plants

3. Check soil for nematodes prior to planting: 

Nematodes are vectors for root diseases

4. Control of nematodes by sowing Tagetes

between two strawberry cultures: No trial

results as yet for black root rot

5. Avoid stress (drought, waterlogging): Infected

plants may recover to a certain extent
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Thank you


