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The Pea Foot Rot Complex (PFRC)

In the UK, growth of field pea (Pisum sativum) is
restricted to eastern England and Scotland, which has
led to intensive production and yield declines of up to
40%. This is mostly attributed to a build-up of key fungal
and oomycete pathogens involved in the PFRC;
Fusarium solani f. sp. pisi (FSP), Fusarium oxysporum
(FO), Didymella pinodella (DP) and Aphanomyces
euteiches (AE). Symptoms of PFRC infection include
discolouration and destruction of roots (Fig. 1). Current
strategies for disease management are limited,
especially for the complex as a whole, with research
into biofumigant and pure isothiocyanate strategies
limited to in vitro experiments with AE. Therefore, one
of the aims of this project is to identify biofumigant
crops that can suppress PFRC pathogens.
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Figure 2. Various
biofumigant crop
varieties being grown
in a glasshouse
compartment.

Figure 1. Symptoms of
PFRC infection, including
dark root discolouration
and stem lesions.

Growth of Biofumigant Crops and Analysis of
Primary Glucosinolate (GSL) Concentrations using
High Performance Liquid Chromatography (HPLC)
Biofumigant crop varieties (Table 1) were grown in
controlled glasshouse conditions (Fig. 2). Shoot tissue
was harvested at mid-flowering, dried and milled to a
fine powder. Primary GSLs for each species were
identified from the literature. GSLs were released from
the milled plant material using hot liquid extraction and
the concentration determined using HPLC.

Table 1. Biofumigant crop varieties and respective primary
glucosinolates, sown on 12.04.19.

Variety Primary 
Glucosinolate

Brassica juncea ‘Caliente 199’ Sinigrin
Brassica juncea ‘Caliente Rojo’ Sinigrin
Brassica carinata ‘Cappuchino’ Sinigrin
Raphanus sativus ‘Terranova’ Glucoraphanin
Raphanus sativus ‘Contra’ Glucoraphanin
Eruca sativa ‘Nemat’ Glucoerucin
Eruca sativa ‘Trio’ Glucoerucin
Sinapis alba ‘Brisant’ Sinalbin

Effect of Biofumigants on Mycelial Growth and
Spore Germination of PFRC Pathogens
Experiments were undertaken using a sealed two Petri
dish base system (Fig. 3, adapted from Sexton et al.,
(1999)); One base containing potato dextrose agar,
placed on top of a second base containing hydrated
biofumigant powders of each variety (water for the
control), sealed with parafilm. For mycelial growth
experiments, plugs of individual PFRC pathogens were
placed onto the agar and percentage inhibition
calculated after seven days. For spore germination
experiments, approximately 50 spores of individual
pathogens were plated onto the agar and exposed to the
biofumigant for 48 (FO) or 72 (FSP) hours, after which
the agar bases were then further incubated for the same
duration without the biofumigant. Germination was
assessed both after exposure to the biofumigant and
after it was removed.

Figure 3. Example of
Petri dish system used
to examine effects of
hydrated biofumigants
on mycelial growth.

Analysis of Primary GSL
Concentrations using HPLC
The levels of primary GSLs
detected in batch 2 overall were
lower than expected for the
growth conditions and from
previous batches grown in
similar conditions (Fig. 4).

Effect of Biofumigants on Mycelial Growth of PFRC Pathogens
For the three PFRC pathogens tested, the percentage inhibition of growth compared to a control was reduced for all
varieties (Fig. 5), particularly for DP, where the varieties B. juncea ‘Caliente 199’, ‘Caliente Rojo’ and E. sativa ‘Trio’
inhibited mycelial growth by more than 50 %.

Conclusions and Future Research

Results of experiments examining mycelial growth and spore germination, alongside
future spore germination experiments with DP, will inform biofumigant variety choice
for future glasshouse experiments examining effects of incorporated biofumigants on
PFRC disease development. Glasshouse dose response experiments examining effects
of different spore concentrations of FO, FSP and DP on disease development in peas
have also informed the level of inoculum for these experiments.

Figure 6. Effect of biofumigant treatments on inhibition of A) FO and B) FSP spore germination compared to an untreated control. Lighter
bars represent germination after exposure. Darker bars represent germination after non-exposure for a time period.
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Effect of Biofumigants on Spore Germination of PFRC Pathogens
For both FO and FSP, spore germination after exposure was reduced for all varieties (Fig. 6), with all but B. carinata
‘Cappuchino’ supressing germination by more than 50 %. However, no variety inhibited germination after removal of the
biofumigant by more than 21 %.

Figure 5. Effect of biofumigant treatments on inhibition of PFRC pathogen mycelial growth rates compared to an untreated control.
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Figure 4. Single glucosinolate concentrations for each variety.
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