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Available phosphate accumulates in the soil in the production areas of cruciferous 8 

vegetables, where clubroot occurs frequently. The causal relationship between the 9 

concentration of available phosphate in the soil and the incidence of clubroot disease was 10 

investigated. Artificially phosphate-enhanced soil samples prepared by the addition of 11 

phosphoric acid (0–50 g kg–1, as P2O5) and resting spores of clubroot (0–107 g–1) to the 12 

subsoil of Andosol, suppressive soil, were used in the experiment. The effects of excess 13 

phosphate in the soil on the adsorption rate of the resting spores to the soil colloids and on the 14 

root hair infection rate in Chinese cabbage (Brassica campestris L.) were examined. The 15 

results showed that the adsorption rate fell and the root hair infection rate rose with the 16 

increase of the phosphate concentration in the soil. In addition, it was confirmed through a pot 17 

culture testing using Qing gin cai (Brassica chinensis L.) that excess phosphate promoted the 18 

generation of clubroot. These results suggest that the mechanism by which excess phosphate 19 

in the soil promotes clubroot is as follows: The subsoil of Andosol, which is positively 20 

charged due to the great quantity of positive charges on the surface of the colloids, adsorbs the 21 

resting spores, and suppresses clubroot by regulating the movement of the resting spores 22 

through the soil. By the application of phosphate to the suppressive soil, the number of 23 

positive charges of the soil colloids decreases and the resting spores adsorbed by the 24 

positively charged colloids are released. The resting spores then reach the root hairs of the 25 

cruciferous plant, and infect it. It is concluded that the excess application of phosphate to soils 26 



promotes the incidence of clubroot. 1 

 2 
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