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Clubroot Summary - Dirt Life

Taxonomy -  Plasmodiophora brassicae Woronin 1877 (P. brassicae) is a soil-borne, obligate parasite within the class Phytomyxea (plasmodiophorids) of the protist supergroup Rhizaria.
Damage - Plasmodiophora brassicae causes clubroot disease in cruciferous plants. All 330 genera of the family Brassicaceae are possible hosts. Worldwide, Brassica vegetables are well known but they are only about 10% of planted hectares of Brassica oilseed crops, including Canadian canola (Brassica napus). The hyperplasia and hypertrophy of infected root tissues are largely caused by the disturbances in the levels of plant growth regulators. Since resting spores of the pathogen can survive in the soil for up to 15 years, it is a challenging pathogen.
Life Cycle - The resting spores germinate to release primary motile zoospores. These zoospores attach to the surface of root hairs, encyst, and release an amoeboid unit into the root hair cell to form primary plasmodia. The primary plasmodia turns into zoosporangia which dumps secondary zoospores back into the soil. The secondary zoospores lead to secondary plasmodia within the cells of the root cortex and divert plant resources to form club-shaped galls and other above-ground symptoms. The secondary plasmodia cleaves into millions of resting spores that are sent back into the soil.

Detection and quantification - P. brassicae is an obligate parasite and cannot be cultured. Bioassays with bait plants were traditionally used to detect the pathogen in the soil but they are labor intensive and can't provide a quantitative measure of infestation.

Studies show that when resting spores fall below 1,000 resting spores per gram of soil, the disease index is an acceptable 11% or lower (14% of plants). With microscopy, at 400X and an 18mmx18mm cover slip, 1,000 spores per gram translates to one spore within 40 fields of view! More sophisticated methods of detection are required, especially since the spore is not large, nor unique. Microscopy to examine root hairs and fluorochrome staining can offer information as to infestation but are also time consuming.

Serological assays, based on monoclonal antibodies to detect the pathogen, have also been used. Serological detection identifies a pathogen based on the specific reaction between the pathogen antigens and their specific antibodies. However, antibodies have to be available and a clubroot gall may include more than one pathotype.
More recently, various diagnostic tests based on the polymerase chain reaction (PCR) have been developed for the detection of P. brassicae. In PCR-based detection protocols, P. brassicae-specific primers and reaction conditions are developed to ensure that they amplify DNA only from the pathogen. If appropriately validated, these tests can provide a rapid and reliable method to determine whether or not P. brassicae DNA is present in a variety of samples (but not the amount of inoculum present in a particular sample). 
There is now a commercial one-step qPCR-based protocol for detection of the pathogen which can detect 1,000 resting spores per gram of soil. Infected root tissue can be detected within 3 days after inoculation, whereas clubroot symptoms are not visable until 24 days after innoculation. The advent of quantitative PCR and qPCR technology, in conjunction with the analysis of signature fatty acids, have enabled the quantification of P. Brassicae. Another qPCR-based protocol has allowed the quantification of resting spores, in order to assess the risk posed by such inoculum.
There have only been a few studies involving discovery of effectors relating to a few pathotypes of P. Brassicae, via the sequencing of the genome. Further work is needed to identify effectors, develop molecular markers, and to detect resistant genes in host genotypes.

Prevention - The best way to avoid clubroot is to sow susceptible crops in pathogen-free soils. Acid soils with high moisture and cool temperatures are most favorable for disease development.

Serenade (includes) Bacillus subtilis QST713, a gram-positive bacteria, has been tested with success as a biofungicide to influence infections from P. Brassicae, in greenhouse trials, when applied as a liquid. The product was most effective when applied both at seeding and then again at transplanting, in order to target zoospores, the weak link in the pathogen's life cycle. It is possible that direct antagonism and induced plant resistance are involved in its ability to suppress the pathogen, but the method by which B. subtilis interferes with P. brassicae and clubroot disease is unclear. Serenade was not reviewed for its ability to treat infected soils.
There has been some development of clubroot-resistant plant cultivars. Most of these sources of resistance, however, are pathotype specific. There are many pathotypes of the pathogen, which often vary by geographical region. European populations of P. Brassicae display great genetic and pathogenic variation and therefore can quickly overcome resistant-host cultivars. In addition, resistant cultivars are proprietary and so the nature of the resistance in these varieties is unknown. This unknown nature prevents the farmer from developing a rational strategy for the rotation of resistance sources in infested fields.
Control - Control measures, such as soil fumigation, application of fungicides, surfactants, and supplemental calcium and liming to increase soil pH may reduce disease pressure, but are not always sufficient to keep the crops healthy. None of the three articles we read included treatment practices or prevention through cultural practices or via suppressive soils, but there are research articles on these topics.
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