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Exploiting pathogenomics and resistance for the control 
of Fusarium wilt of lettuce

Fusarium wilt of lettuce which is caused by the soil-
borne fungus Fusarium oxysporum f.sp lactucae (FOL) 
is responsible for huge economic losses worldwide 
in both protected and field grown lettuce. Four races 
of FOL have been identified so far, with race 1 (FOL1) 
being the most prominent globally and race 2 and 3 
confined to Asia. FOL race 4 (FOL4) is newly emerged 
in Europe and has been reported in Belgium, France, 
Italy and the UK where up to 70% yield losses can 
occur. A lack of plant resistance to FOL4 is therefore a 
major threat to commercial production of lettuce.

The main aim of this project is to characterise new 
sources of resistance to FOL4 and compare the suite 
of virulence genes in FOL1 and FOL4 in relation to 
the response of different lettuce cultivars. So far, 

resistant lettuce lines have been identified and 
crossed with susceptible lines to produce mapping 
populations in a collaboration with Enza Zaden, with 
the aim of discerning the genetic nature of the resist-
ance. In addition, a potentially important virulence 
gene (SIX8) with variable sequence was found in 
FOL4 isolates but was absent in FOL1. Furthermore, 
an in vitro phenotyping system has been developed 
to carry out RNAseq to examine FOL4 virulence 
gene expression when inoculated onto susceptible 
and resistant lettuce cultivars. Additionally, CRISPR 
Cas9 knockouts of SIX8 in FOL4 showed decreased 
virulence when screened on susceptible lettuce cul-
tivars. Further work will involve complementation of 
SIX8 back into FOL4 mutants to further prove its role 
in virulence.

Fusarium in Lisianthus cultivation

Lisianthus is one of the important ornamental crops 
in Dutch greenhouses. Problems with Fusarium in 
this crop are not new. In the early 2000’s the cultiva-
tion was affected by Fusarium avenaceum. In 2018 
Fusarium oxysporum fsp. eustomae was identified as 
an important pathogen during a survey of Fusarium 
problems in the greenhouses. Recently, Fusarium 
solani seems to be the main culprit.

Lisianthus is a soil based cultivation, which makes 
it all the more difficult to get rid of Fusarium once 
it establishes in the soil. It can survive in soil as 
chlamydospres, which are extremely difficult to 
eradicate.

Soil steaming between the cultivation cycles is often 
used by the growers to prevent the spread of the 
pathogen. It is a very costly management practice. 
Moreover, it is not always sufficient to prevent the 
disease. Fusarium pathogens are becoming also 
increasingly resistant to chemical plant protection. 

Additionally, the availability of the chemical products 
allowed to be used in the cultivation is also relatively 
limited. Therefore an alternative management strate-
gies are urgently needed.

Resistant plant material, if available, together with 
hygiene protocols are the basis of the integrated 
approach to prevention of Fusarium disease. In 
greenhouse bioassays we have shown that it is also 
possible to (partially) suppress the pathogen by 
manipulating the soil microbiome and/or addition of 
antagonistic microorganism, for example present in 
biofungicides. Manipulation of natural soil microbi-
ome with addition of specific organic amendments, 
such as composts, seem to have more robust effect 
on Fusarium infection. Some biofungicides, used as 
stand- alone or in combinations, are also effective 
against this pathogen. However, it remains to be seen 
to which extend these management strategies can be 
effective against Fusarium in the greenhouse cultiva-
tion in practice.




