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Introduction
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COVER CROPS AS A METHOD OF NEMATODE CONTROL

The negative effects of nematodes on important crops such as potatoes and sugar beet are well understood. Historically, these pests have 
been controlled using nematicides such as Vydate but there is increasing interest in the use of crops which will interrupt the life cycle of 
the nematode or to control them by biofumigation.

WHAT ARE NEMATODES?

Nematodes are a microscopic, worm-like, soil dwelling species. The damage they cause can be visible (e.g. malformed crops, leaf discolou-
ration) and invisible (e.g. yield reduction) and can also lead to secondary infections.

  Stem nematodes cause damage by feeding on the contents of plant cells, causing those cells to die. Onions and potatoes are most 
commonly affected.

 Stubby root nematodes infect the root systems of crops, causing stunting and deformation of the roots. Infected roots are also less able 
to supply water and nutrients to the plant. Crops affected include sugar beet and onion as well as potatoes, maize and winter OSR. In 
addition, these nematodes can also transmit the tobacco rattle virus.

Microscopic view of a nematode.

COVER CROPS - HOW THEY WORK

Cover crops include species such as mustard, oilseed radish and rocket and can be planted as straights or as mixtures, depending on the 
target nematode population. Different crops have different methods of controlling the nematode population so it is vital to select the crop 
which has the most effect on the target nematode(s).

 “Resistant” cover crops produce exudates which stimulate the hatching of eggs. However, once infected by the larvae, the plant will 
activate defence mechanisms to reduce any further multiplication by:

     Either secreting a toxic substance that kills the nematodes, or

     Producing more males than females, thus reducing the number of eggs produced in the next cycle. In this way they 
                     actively reduce the number of nematodes present in the soil.

 “Non-host” varieties will not support the life cycle of the nematode; this means they will neither actively reduce nor actively increase 
the nematode population. 

 “Host” varieties, on the other hand, will support the feeding and reproduction of nematodes and could therefore exacerbate an existing 
problem. This highlights the importance of understanding exactly what species of nematodes are in the soil of each f eld in question.

It also follows that agricultural crops can act as hosts and non-hosts for different nematodes. It is therefore important to understand the 
impact of the rotation on nematode populations, not just how the nematodes affect the crops.

Cruciferous cover crop species such as oilseed radish, mustards and rocket can also have a biofumigation effect. This occurs when the 
crop is macerated and incorporated into the soil, releasing chemicals known as glucosinolates which can suppress soil borne pests and 
diseases, weeds and fungal pathogens.

ADDITONAL BENEFITS OF COVER CROPS

Whilst the RAGT/Joordens breeding programme focuses on nematode resistance, it should not be forgotten that there are additional 
benef ts to planting cover crops which contribute to overall soil health. The increase of organic matter will help improve soil structure 
and consequently drainage and nutrient retention. Deep rooting cover crops will help penetrate compacted layers to facilitate drainage. 
Improving soil biodiversity means the soil is more resilient to external inf uences such as soil-borne pathogens.

There are f ve families of nematodes which are widely recognised to 
cause the most damage worldwide:

 Cyst nematodes mainly affect potatoes and sugar beet. The ne-
matode eggs are contained within a cyst that lives in the soil and 
when the eggs hatch the larvae invade the root tips, causing yield 
loss and in some cases deformation of the roots.

 Root knot nematodes affect potatoes and carrots most severely 
but can also damage sugar beet and peas. Damage is caused when 
the nematodes invade the root cells, initiating cell death which then 
leads to the appearance of galls on the roots.

 Lesion nematodes are migratory, meaning they move in and out 
of the root, laying eggs in the tunnels they make. The crops most at 
risk are carrots but potatoes, maize and peas can also be affected.
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Example crop rotations Nematode resistant cover crops
CROP ROTATIONS

A few examples of crop rotations are shown below

Winter Wheat Harvest Oilseed Radish  Incorporate Sugar Beet

Legumes Harvest Mustard Incorporate Winter Wheat

Spring Barley Harvest Oilseed Radish Incorporate Potatoes

Grass Harvest Mustard Incorporate Carrots

Early Carrots Harvest Biofumigation Mixture Incorporate Onions

Oilseed radish – Raphanus sativus 

Sowing rate Season Sowing depth Row distance Fertilizer Varieties
25 kg/Ha 

heavy soils

20 kg/Ha 

light soils

Spring to late

summer

1-2 cm As for cereals 60-80 kg N/Ha 

after cereals

Sandy soils 40

kg N/Ha after 

sowing, 40 kg 

N/ha 1 month 

after emergence

Bokito

Final

Nemaf ex

Radical

Terranova

TERRANOVA
This late f owering variety has been specially bred to reduce a broad range of nematodes. Terranova is very leafy at the early stages of 
growth and is easily incorporated for maximum nematode control and is club root resistant. It has unique double resistance to 
(sub-) tropical root knot nematodes  M. incognita and M. javanica. It can reduce the incidence of beet cyst nematodes Heterodera schachtii 
and H. betae by 70-90% and also reduces root knot nematodes. It can reduce the occurence of tobacco rattle virus in 
potatoes and is a poor host for Paratrichodorus teres. Terranova is highly resistant to club root. Terranova is frost resistant up to minus 8 °C.

Terranova is resistant to: Terranova is non-host to:

Heterodera schachtii (BCN)
Heterodera betae (BCN)  
Meloidogyne chitwoodi and M. fallax (RKN)
Meloidogyne incognita and M.javanica (RKN)
Paratrichodorus allius (stubby root nematode)

Globodera rostochiensis & G. Pallida (PCN)
Heterodera avenae (cereal cyst nematode)
Heterodera goettingiana (carrot cyst nematode)
Meloidogyne naasi (RKN)
Ditylenchus dipsaci & D. destructor (stem nematode)
Tobacco rattle virus (TRV)

FINAL 
This variety has the highest level of beet cyst nematode resistance. In addition, it is very frost susceptible which is valuable to those farmers 
who leave their cover crop over winter; no additional passes are needed to destroy the crop.

NEMAFLEX
This is a very short variety with high BCN resistance. It f owers later than any other variety. Due to its short stature, it is very easy to incorpo-
rate. It has white/purple coloured f owers.

BOKITO
The variety Bokito produces a large amount of biomass. Bokito is the ideal variety if your goal is to increase the level of organic matter. 
In addition, it is resistant to beet cyst nematodes. It has very good regrowth following cutting.
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Nematode resistant cover crops

VITARO 
Vitaro has been specif cally bred for the nematode market and shows a high level of resistance. It is very leafy and will produce a tap root up 
to 1.5 metres in length. It is frost susceptible and easily incorporated into the soil. Vitaro is very fast growing, even at lower temperatures and 
can also help reduce Rhizoctonia (a fungal disease of root vegetable and beet species). It combines late f owering with excellent early vigour.

Vitaro is resistant to: Vitaro is non-host to:

Heterodera schachtii (BCN)
Heterodera betae (BCN)

Globodera rostochiensis & G. Pallida (PCN)
Heterodera avenae (cereal cyst nematode)
Heterodera goettingiana (carrot cyst nematode)
Meloidogyne naasi (RKN)
Ditylenchus destructor (stem nematode)

ARCHITECT
Architect is a very late f owering variety which has been specif cally bred for the nematode market and shows a high level of resistance. 
It is very leafy and will produce a tap root up to 1.5 metres in length. It is fast growing, with good early vigour, even at lower temperatures.  
It produces very high levels of glucosinolates and can reduce the incidence of beet cyst nematodes Heterodera schachtii and H. betae by 
70-90%. It can an also help reduce Rhizoctonia (a fungal disease of root vegetable and beet species). Architect is frost susceptible and easily 
incorporated into the soil.  

Architect is resistant to: Architect is non-host to:

Heterodera schachtii (BCN) 
Heterodera betae (BCN)

Globodera rostochiensis & G. Pallida (PCN)
Heterodera avenae (cereal cyst nematode)
Heterodera goettingiana (carrot cyst nematode)
Meloidogyne naasi (RKN)
Ditylenchus destructor (stem nematode)

Ethiopian mustard – Brassica carinata 

Sowing rate Season Sowing depth Row distance Fertilizer Varieties
15 kg/Ha 

heavy soils

12 kg/Ha 

light soils

Spring to early

autumn

1-2 cm As for cereals 60 kg N/Ha 

depending on 

previous crop

Carbon 

Cappucchino 

CAPPUCCHINO 
Cappucchino is a late f owering mustard which is very leafy but frost susceptible. A long tap root helps to improve soil structure. It can 
produce high levels of biomass together with high levels of the glucosinolate sinigrin, giving very good biofumigation potential. 
Cappucchino performs best in cooler climates. 

CARBON
Late f owering, fast early vigour, high biomass.

Japanese oats – Avena strigosa

Sowing rate Season Sowing depth Row distance Fertilizer Comments
75 kg/Ha 

heavy soils

60 kg/Ha 

light soils

Summer to early 

autumn

1.5 – 2.5cm As for cereals

Japanese oats are a cereal crop which have good early vigour and f ower relatively early. Drilled at the right rate, this crop can produce high 
amounts of biomass in a relatively short period of time. Specif c varieties are non-host to the root lesion nematode Pratylenchus 
penetrans. The crop is a host to root knot nematode Meloidogyne chitwoodi. Japanese oats are highly frost susceptible. 
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White mustard - Sinapis alba

Sowing rate Season Sowing depth Row distance Fertilizer Varieties
25 kg/Ha 

heavy soils

20 kg/Ha 

light soils

Spring to early

autumn 
1-2 cm As for cereals 60 kg N/Ha 

depending on 

previous crop

Architect

Vitaro



Biofumigation solutions

BIOFUM SUMMER

Biofumigation mixture

Sowing rate Season Sowing depth Row distance Fertilizer Comments
15 kg/Ha Early spring 

Summer 

1-2 cm As for cereals Biofumigation in summer

Incorporation in autumn

Fumigation Mixture
50% Brassica carinata
10% Sinapis alba
40% Raphanus sativus

BIOFUM AUTUMN

Biofumigation mixture

Sowing rate Season Sowing depth Row distance Fertilizer Comments
15 kg/Ha Up to early autumn 1-2 cm As for cereals Incorporation after 1 March

This is a carefully blended mixture of Ethiopian mustard, white mustard and oilseed radish, used mainly to reduce soil-borne fungi. 

This blend is preferably used for late sowing and for late winter/early spring incorporation. 

The blend contains winter hardy crops which, under normal circumstances and normal European weather conditions, will not be killed by 
frost.

Fumigation Mixture
50% Brassica carinata
10% Brassica napus
40% Raphanus sativus

Rocket lettuce - Eruca sativa

Sowing rate Season Sowing depth Row distance Note Varieties
10 kg/Ha To mid-summer 1-2 cm As for cereals Incorporation late 

autumn

Trio

BIOFUM TRIO 
Trio is suitable for both nematode control and biofumigation. It has a very high level of glucosinolates that makes this variety ideally suited 
to biofumigation. Trio is relatively slow to germinate but can f ower 50-60 days after sowing. Next to its unique glucosinolate prof le, this 
variety is resistant to a number of nematodes: beet cyst, M. chitwoodi, M. fallax temperate root knot and the (sub-)tropical root knot species 
M. incognita and M. javanica. 

98



Forage brassicas

Forage rape – Brassica napus

Sowing rate Season Sowing depth Row distance Fertilizer Varieties
10 kg/Ha Late summer to mid 

autumn

1 – 2cm As for cereals 60-80kg N/Ha

20 kg P/Ha

20kg K/Ha

Greenland

Mosa

Winter forage rape is used as a green manure crop or a forage crop. It tolerates medium frosts quite well. 
It can be drilled in early and late stubbles. However, when drilled early, the crop can produce heavy stems 
which are not very palatable to animals. Winter hardy forage rapes with very late f owering and longer 
growing seasons can be sown to produce feed with additional regrowth potential. 

GREENLAND
A very high yielding forage rape with excellent leaf quality. It can be used by dairy, beef and sheep 
farmers to produce high quality feed. It is one of the latest f owering forage rapes. It establishes well to 
give rapid ground cover. It is a tall, leafy variety with compact light green leaves which gives high fresh 
weight yields. 

MOSA
A OO variety with favourable leaf/stem ratio, which makes it highly digestible. Mosa is late f owering with 
good early plant development and vigour. It is short-stemmed and leafy which gives high fresh weight 
yields. It also has good frost resistance.

Kale – Brassica oleracea convar. acephala

Sowing rate Season Sowing depth Row distance Fertilizer Varieties
3-6 kg/Ha Mid summer to early 

autumn

1 – 2cm As for cereals 100 kg N/Ha

40 kg P/Ha

60kg K/Ha

Astera

Kale is one of the best cover crops for game cover. Once established, it provides both feed and cover. It is 
moderately winter hardy and grows up to 2 metres tall. It has large leaves which form an ideal canopy for 
cover and produces a thick stem. The crop establishes slowly, but continues to grow even under cold 
conditions. When sown in summer, the crop can be grazed or used as fodder after 4-6 months, producing 
a considerable amount of winter feed. It needs a cold period to f ower, so it will generally not set seed.

ASTERA
This marrow-stem, medium height kale with good standing power is a very leafy variety with high crop
utilization and good levels of protein. Astera has excellent disease tolerance and good lodging resistance 
where snowfall is a concern. Astera can be used by all livestock types. 
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Fodder beet

15t DM/ha Blaze

Kyros
Colosse

Brigadier

12t DM/ha (Dry matter production data from variety comparison, Kessel 2007)

6.0 t DM/ha

7,9 t DM/ha

9,3 t DM/ha

11,1 t DM/ha

8,3 t DM/ha 11,4 t DM/ha

6,3 t DM/ha

9,9 t DM/ha

6,4 t DM/ha

7.6 t DM/ha

5.7 t DM/ha

6.6 t DM/ha

Ground level

12 13

Fodder beet – Beta vulgaris

Sowing rate Season Sowing depth Row distance Varieties
80,000 seeds/Ha Early spring 2-3 cm 50 cm Brigadier

BRIGADIER
This is a polyploid traditional mangel beet with orange f esh which 
can give fresh yields up to 140 tonnes per hectare. Harvesting can 
be done by hand or by machine and soil tare is low. The huge leaves 
produced stay fresh and healthy until harvest. Brigadier has a dry 
matter content of around 12%. The beet roots are more above the 
soil (65%) than average fodder beets, enabling easy access to the 
crop when strip feeding. This is a better option for grazing and it is a 
softer bite, which is more suitable for feeding younger stock.



Other solutions
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Berseem clover – Trifolium alexandrinum

Sowing rate Season Sowing depth Row distance Fertilizer Comments
35 kg/Ha 

as main crop

Early spring or 

after harvest 

of cereals up to

mid-August

1-2 cm As for cereals Basal fertilizer 

application (P/K)

Annual plant

NITROGEN FIXING CROPS

Berseem clover is a leguminous green manure with a moderate crop development in autumn. It is moderately sensitive to frost and 
begins to mineralize quickly after die off. This clover has a positive effect on the development and yield of the subsequent crop.

Ideally mix Berseem clover with Utopia, a very late f owering Ethiopian mustard, as a N-f xing and N-trap crop.

Phacelia – Phacelia tanacetifolia

Sowing rate Season Sowing depth Row distance Fertilizer Comments
10-12 kg/Ha Early to late summer 2 cm into a f ne, well-

structured seedbed

As for cereals 60 kg /Ha Annual plant

Phacelia is a crop with strong autumn growth. It is an ideal green 
manure in a N-rich stubble, where it can produce high biomass 
and catch leached nitrogen. It suppresses weeds well and is neu-
tral to nematodes. The crop produces abundant purple f owers 
which attract insects. It is therefore useful in encouraging bees. 
Phacelia is not frost tolerant.

Nematode multiplication
? Unknown

- - Active reduction

- None

+ Low

++ Moderate

+++ High

V Variety dependent

Damage

Unknown

None

Low (5-15%)

Moderate (15-33%)

High (>33%)

Soil type
S Sand

L Loamy sand

SC Sandy clay

C Clay

How to use the following summary

Example One

1. M. chitwoodi is identifi ed as the problem via soil sampling and testing

2. Sandy (S) and loamy sand (L) soils are most affected

3. Crops affected: potatoes & carrots (high); peas & sugar beet (moderate)

4. Potato crops, winter cereals  and veg will encourage nematode 
    multiplication

5. Best cropping option is fodder radish*. It doesn’t actually actively reduce
    the population but will not allow the nematodes to multiply (*variety 
    dependent). 

Example Two

1. H. schactii is identifi ed as the problem via soil sampling and testing

2. All soil types are affected

3. Crops affected: sugar beet (high); cabbage (moderate)

4. Sugar beet, WOSR, cabbage & forage rape will encourage nematode 
    multiplication

5. Best cropping options are fodder radish* and white mustard* which will
    actively reduce the nematode population (*variety dependent). 
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SOIL TYPES 
AFFECTED

S  L  
SC  C

S   L 
SC  C

S  L S   L 
SC

S   L 
SC  C

S   L S  L   
SC

S  L S S  L  
SC

S  L  
SC  C

S  L  
SC  C

S S  L  
SC  C

S  L  
SC

S  L  
SC

S  L  
SC

S  L  
SC

S  L  
SC

SOIL TYPES 
AFFECTED

Arable crops Arable crops

Potato +++V - - - - +++ - +++ +++ +++ ++ +++ + ? ++ +++ +++ + ++ Potato

Sugar beet - +++V +++ - - +++ + + +++ + - - +++ ? ++ ? +++ +++ ++ Sugar beet

Onion - - - - - + + + + +++ +++ - ? - +++ ? - ++ ++ Onion

Maize - - - - - - - ++ + +++ ++ - ? ? ? ++ ? +++ ? Maize

Winter wheat - - - +++ - - +++ ++ + ++ + - + ? +++ ? +++ ++ +++ Winter wheat

Winter barley - - - +++ - - +++ ++ + ++ - - + ? ? ? ? ++ ++ Winter barley

Spring barley - - - +++ - - +++ + + ++ - - + ? ++ ? +++ ++ - Spring barley

Oats - - - +++ - - - ++ ? +++ ++ - - - ? ? ? ++ ++ Oats

Winter OSR - +++ ? - - + - ? ? ? + - ++ +++ +++ ? ? +++ +++ Winter OSR

Vegetables Vegetables

Peas - - - - - +++ - + + +++ +++ - + ? + + ? + + Peas

Carrot - - - - +++ ++ - ++ +++ ++ ++ - +++ +++ ++ ++ ++ ++ ? Carrot

Cabbage - +++ +++ - - + - ++ ? + ? - ++ +++ ? ? ? ++ ++ Cabbage

Leek - - - - - + - ++ + +++ + - ? ? ? + ? + - Leek

Green manure crops Green manure crops

Fodder radish - - - V - - V - - ++ - - V +V +++ ? - ? ? +++ ++ ++ + - Fodder radish

White mustard - - - V - - V - - + - ++ ++ +++ ? - ? ? +++ +++ +++ + +++ White mustard

Perennial ryegrass - - - +++ - - +++ + +++ + + - ++ ? +++ +++ +++ +++ ++ Perennial ryegrass

Italian ryegrass - - - +++ - - +++ ++ +++ +++ + - ++ ? +++ +++ +++ +++ ++ Italian ryegrass

Rye (in stubble) - - - ? ? - ++ +++ ++ ++ ++ - + ? ? +++ +++ +++ ++ Rye (in stubble)

Phacelia - - - - - ++ - + + +++ ? ? ? ? + ? ++ ? +++ Phacelia

Common vetch ? ? ? ? ? +++ ? - V ++ +++ ? ? ? ? + ? + + - Common vetch

White clover - - ? ? ? ++V ? ++V ++V +++ +++ ? ? ? ? ? ? +++ +++ White clover

Red clover ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? Red clover

Forage rape - +++ ? ? ? + - ? ? ? + ? ++ +++ ? ? ? ? +++ Forage rape

Source: adapted from Praktijkonderzoek Plant Omgeving - Lelystad the Netherlands, 2008

Summary
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