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Root-knot nematodes(Meloidogynespp.) Resistantvegetables

üa major problem in organic and conventional 
horticulture especially  in warm areas and under shelters

VSouth-East France : 40% of farms experience crop losses due 
to RKN(Djian-Caporalino, 2010)

V~ 10% of yield loss (50 billion $ losses) frequently cited 
(Raaijmakerset al., 2009; Jones et al., 2011) but much higher % 
observed under local conditions(Wesemaelet al., 2011)

üalternative techniques but only partially efficient 
(Collangeet al. 2011)

ümostof vegetablesare host plants (problemfor 
rotations), few RKN R-genes available and fewer 
commercial cultivars available

ücurrent restrictions of chemicalnematicides
όa.¢h/ нллсΤ 9/ 5ƛǊŜŎǘƛǾŜ ммлт ѷ нллфύ

üsomeR-genescanbeovercome
VQuarantine species in Europe!

Solarisation Green manure

Rotation with non host plants

ümicroscopicsoil-borne roundwormsextremely
polyphagouswith high capacityof adaptation

VMi-1 geneon tomato (varietiesand rootstocks) 
efficient up to 30ÁC 

VMe(s)and N geneson pepper(rootstocks) stable 
at high TÁC

Combinations of varietal and technical innovations for the sustainable and integrated management of root-knot nematodes: the GEDUNEM project 
Innohort, 

June 8-12 2015

Context

(Starr et al. 2002 ; Villeneuve & Djian-Caporalino2013)

(Jarquin-Barberena et al. 1991; Castagnone-Sereno et al. 1994, 1996, 
2001; Meher et al. 2009; Djian-Caporalino et al. 2011; 
Tzortzakakis et al. 2005, 2008 ; Verdejo-Lucas et al. 2009 ; Devran and 
{ǀƐǸǘ нлмл Τ ¢ƘƛŜǎ нлмн) 
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The main questions of the Gedunemproject

What impact on soil ecology(other nematodes and  
other plant pathogens)?

Whatcrop production system(s) combiningR-plants 
management strategie(s)and other croppingtechniques 
(solarisation, intercropping, rotation with non host plants, 
etc.) to extendresistancedurability and sustainability of 
the protection against RKN?

Are the proposed options acceptablefor producers
(yield, work organisation, etc.)? 

What agronomicimpact (productivity, soil fertility)?
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Ongoing experimental approach: a 4-year and multi-site 
device in experimental stations and commercial farms

spring summer automnwinter

or
Susceptible or resistant(but overcome) cropsSusceptible crops

Managinginterculturalpractices 
(solarisation, green manure, trap crops, badhost plants...)

Propose and evaluate, over 4 years, innovative vegetable cropping systems in shelters 
in the Mediterranean region for the sustainable and integrated management of RKN, 
extending resistance durability

Susceptible crops

5 geographical sites

Alenya Six FoursNîmes Agadir, MarocLambesc

12 partners (multidisciplinary)

F1P1 P2

BC2

BC1

BC3nematologists breeders                           agronomists soilecologists soil mycologists pollsters farmers

IPNSophia
GAFL & EcoDevAvignon
DEAR AlenyaRoussillon

farmers
research

experimentation-development

South of France & Morocco

technicians and 
advisors of technical 

institutes 
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The cropping systems 

3 versions adapted to the different constraints of farms in the study area
combining genetic and agronomic levers:

= biofumigantsorghumas green manure
(rich in dhurrin, precursorof HCN, for biofumiganteffect )

= resistantpepperpyramiding2 genes
(Me1& Me3)as trap cropgreen 
manure

= solarisation in summer1 year/2
+ badhost plant in winter

co-designed between researchers and R & D actors
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Exampleof results

Efficient protection of pepper resistance  
by reducing RKN soil infestation, and soil ecology is improved

üHigh and sustainabledecreaseof RKN populations after Sorghum(>95% )

üIncreaseof non-phytoparasiticspecies(= usefullsaprophagousspecies=> soilecologyimproved) with S1 

Meloidogynespp.

Non phytoparasites

Nematodes/liter soil Nematologicalanalysis: evolution of the total soil nematofauna

Nematodefamilies:

spring summer winter springsummerautomn winterautomn

gall index (0-10) 

Sorghum as green manure :
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Me3-DLL

Nematocidalsorghumas green manure

Meloidogynidae

Criconematidae

Heteroderidae

Hoplolaimidae

Longidoridae

Paratylenchidae

Pratylenchidae

Telotylenchidae
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Tylenchidae

non phytoparasites
T0 T3 T6 T15 T19 T24 T27 T29

spring summer winterautomn

GI :   4,2              0            2,1            0,2         0,1            4               0              2  

High diversity of the nematode communities 
=> protection of R-peppercrop

Meloidogynidae

Criconematidae

Heteroderidae

Hoplolaimidae

Longidoridae

Paratylenchidae

Pratylenchidae

Telotylenchidae

Trichodoridae

Tylenchidae

non phytoparasites
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Exampleof results

Efficient protection of crops resistance

R-peppers pyramided for Me1 and Me3 (durable R stable at high T°) 
ŀǎ ΨǘǊŀǇ ŎǊƻǇΩ ƎǊŜŜƴ ƳŀƴǳǊŜ :

Meloidogynespp.

Non phytoparasites

Nematodes/liter soil Nematologicalanalysis: evolution of the total soil nematofauna

Nematodefamilies:

Meloidogynidae

Criconematidae

Heteroderidae

Hoplolaimidae

Longidoridae

Paratylenchidae

Pratylenchidae

Telotylenchidae

Trichodoridae

Tylenchidae

non phytoparasites

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

0

GI :   3      pepper 0           0              0    0,3         0               5,8      pepper 0   

GI :   2,3    sorghum 0        0,6            0    0,4         0               6,0     sorghum 0

T0 T3 T10 T16 T22 T26 T30

spring summer winter springsummerautomn winterautomn spring summer winterautomn

R-peppersor            sorghumas green manure

gall index (0-10) 

Mi-1
Me3-DLL

üHigh decreaseof RKN populations after R-peppers(>95%)
üHigh reactivity of RKN on susceptible plants (melon)
üSynchronusevolutionof RKN and non-phytoparasiticspecieswith S2 (effect of sorghumand R-peppers) 

Low diversity of the nematode communities 

Meloidogynidae

Criconematidae

Heteroderidae

Hoplolaimidae

Longidoridae

Paratylenchidae

Pratylenchidae

Telotylenchidae

Trichodoridae

Tylenchidae

non phytoparasites

=> protection of pepperand tomato R-crops
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Exampleof results

Agronomic value of Me1Me3ǇŜǇǇŜǊǎ ŀǎ ΨǘǊŀǇ ŎǊƻǇΩ ƎǊŜŜƴ ƳŀƴǳǊŜ :
a good potential as green manure, and assessment of soil colonization by pepper roots  

üStrong root colonization up to 30 cm depth 

=> allows to shorten culture from 10 to 7 weeks

üPepper buried dry matter is equivalent to 

that of traditionally-used sorghum

0,00

1,00

2,00

3,00

4,00

5,00

6,00

Sorgho 
Piper (T4)

Sorgho 
Piper (T8)

Sorgho 
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Comparaison de la matière sèche enfouie
(Tonne par hectare) pour chaque engrais vert

Comparison of buried dry matter (tonnes per 

hectare) for each green manure
Root mapping

0
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60

What potential of soil colonization by Me1Me3

pepper roots to better trap nematodes?What potential as green manure?

Nb of root impacts 

per cell 

depending on soil 

layers
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Nematocidal Sorghum Sorghum Pepper

sorghum control 1      control 2 Me1Me3 
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Exampleof results
plastic sheet

water
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üZucchini: highly infested
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ü1rst solarisation : efficient on central rows only
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T9                                         Winter

Solarisation                        Summer

ü2nd solarisation : efficient on rows A, B, C
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üEfficient protection of pepper resistance on rows A, B, C after solarisation

T16                  Me3-DLL Summer

A B C DBô

T19

T19ô                    bad host
Winter

üWinter culture plant too late : nematodes not active => no difference between susceptible salads and bad host plants (no gall)
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üReduction of RKN damages on zucchini in central rows: half on central rows compared to border rows and compared to T-25
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ü3rd solarisation efficient on central rows again
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Solarisationand bad host plants
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Conclusions

Innovative, sustainable crop production systems

Intercropping management (solarisation, sorghum or R-

peppers as green manure) : efficient protection of plant 

resistance, reduction of RKN damages, and high 

decrease of soil infestation, more durable when high 

diversity of the nematode communities

sorghum

Me1+Me3 
pepper

Experiments still on going

plastic sheet
water

New opportunities for breeding in Solanaceae

A good potential of R-peppers pyramided for Me1 and Me3 as 

ótrap cropô green manure

Durable R stable at high T°

Pepper buried dry matter is equivalent to that of traditionally-used sorghum

A good potential of soil colonization by pepper roots to trap nematodes with a 

7-week culture
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Perspectives

Improve the scenario of cropping system with the 

pepper Me1 / Me3 as green manure if its effectiveness 

is confirmed
ü looking for best density, best cultivation time

ü generating and studying homozygous genotypes combining the 

two genes to increase efficient seeds at low cost 

Improve the efficacy and acceptability of the 

innovative cropping systems at farm scale

ümake them compatible with the constraints of farmers (case of farms 

in conventional agriculture with intensive long crop cycle, which 

have little motivation to change and for agro-ecological practices) 

ümake emerge innovative strategies from the combination of plots 

and cropping systems at the farm scale, to increase their technical 

and socio-economical resilience maintaining the overall productivity 

of the farm.
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For details

GEDUNEM

Contacts : Caroline Djian-Caporalino, Philippe Castagnone-Sereno (INRA Sophia) 

Mireille Navarette (INRA Avignon)

Emails : caroline.caporalino@sophia.inra.fr, pca@sophia.inra.fr, 

mireille.navarrete@avignon.inra.fr 

Web sites : http://www.smach.inra.fr/

http://www.picleg.fr/Les-Projets-en-cours/Gedunem

IPNSophia
GAFL & EcoDev Avignon
DEAR Alenya Roussillon

CBGPMontpellier St Remy de 
Provence

CA06
CA83

INRA Metaprogramme SMaCH

Sustainable management of crop health

Avignon
ProducteursSudFrance 
et Maroc


