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Clubroot, caused by Plasmodiophora brassicae, is a major production
threat to cruciferous crops worldwide. It reduces the yield, quality,
storage life and palatability of these crops1. Elimination of P. brassicae
from soil is difficult due to rapid multiplication of highly resilient resting
spores. However, it may be possible to reduce resting spore populations
by creating unfavorable environmental conditions during or after their
germination1. For successful management of clubroot the integration of
multiple tools is always recommended. Combining ASD with inundative
biocontrol could improve the efficacy of either tactic in reducing
P. brassicae propagules in soil.

AIMS
 To determine the efficacy of non-host cover crops as ASD carbon

sources in clubroot suppression

 To determine the efficacy of biocontrol products in clubroot
suppression

 To determine any synergistic effects of biocontrol products and ASD
with cover crops in suppression of clubroot

Table 2. Details about biocontrol products used 

Design: Factorial randomized complete block with three replications, first 
factor  is ASD carbon sources and second factor is biocontrol products

ASD carbon sources: Winter rye, ryegrass, sudangrass or leek cover crops,
wheat bran (standard), covered with no amendment (anaerobic), and
uncovered with no amendment (aerobic) (Table 1)

Biocontrol treatment: Prestop, Actinovate, Serenade and non biocontrol
(Table 2)

 ASD but not biocontrol products slightly increased soil pH
towards neutrality compared to that of the aerobic control.

 Soil reducing conditions were significantly higher in ASD-
treated soils regardless of amendment compared to both non-
amended controls. However biocontrol products did not affect
soil reducing conditions.

 All biocontrol products significantly reduced the clubroot index
and incidence in mustard greens compared to those of plants
grown in non-biocontrol amended soils across all ASD
treatments.

 The clubroot index and incidence were significantly lower in
mustard greens grown in ASD-treated soil amended with winter
rye, ryegrass, sudangrass, or wheat bran compared to both non-
amended controls across all the biocontrol treatments.
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Product Application rate Active ingredient
Prestop WG 500 g ha-1 Gliocladium catenulatum
Actinovate 5.6 kg ha-1 Streptomyces lydicus
Serenade Opti 9.6 kg ha-1 Bacillus subtilis

0 1 2 3

Cover crop Seed rate (kg ha-1 )
Sudangrass 56.0
Ryegrass 33.0
Leek 1.0
Winter rye 112.0

RESULTS

 Above-ground biomass was higher in mustard greens grown
in winter rye or sudangrass-amended ASD-treated soil
compared to both aerobic and anaerobic controls but there
was no effect of biocontrol product on biomass.

 The root/shoot biomass ratio was significantly higher in
mustard greens plants grown in ASD-treated soil amended
with ryegrass, winter rye, sudangrass, or wheat bran than in
plants grown in the aerobic control. Biocontrol products did
not affect the root/shoot biomass ratio.

 The combination of sudangrass-ASD and all of the biocontrol
products, wheat bran-ASD plus Prestop or Serenade resulted in
significant reductions in clubroot indices in mustard greens
compared to indices of plants grown in wheat bran- or sudangrass
biomass -amended ASD-treated soils.

 Similarly, the combination of winter rye-ASD plus Actinovate or
Serenade reduced clubroot indices in mustard greens plants
compared to indices of mustard greens plants grown in winter rye
biomass-amended ASD-treated soils.

 Under aerobic conditions Prestop and Serenade, but not Actinovate
reduced clubroot severity significantly.

Table 1. Cover crop seed rates

METHODSINTRODUCTION
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Error bars indicate standard error, data presented are from two independent experiments each with three 
replications. 

KEY MESSAGES

Work-flow of the  experimental setup

 Mustard greens 
grown for 30 days

 Plants uprooted and  
washed in tap water

Severity index =

Clubroot incidence =

Soil pH:  measured in 1:1 soil-water slurry
Soil reducing conditions:  measured based on loss 

of iron oxide paint on IRIS tubes2

Clubroot rating3:  0 = no galling, 1 =  few small,               
2 = moderate galling, and 3 = severe galling

Root and shoot biomass measured

Mustard greens growingParameters recordingSeverity and incidence calculations8 67

 Cover crops sown  in 
muck soil in pots

 P. brassicae resting 
spores inoculated

 Cover crops were grown 
for 45 days

 Cover crops uprooted and 
chopped into small pieces

 Cover crops or wheat bran 
mixed with soil and placed   
into pots

 Wheat bran was applied at  
20.0 Mg ha-1

 Soils in pots irrigated to 
saturation

 Biocontrol products 
drenched into soil

 Indicator of Reduction in 
Soils (IRIS) tubes placed 
in pots

 Pots kept inside  
Ziplock bags

 Incubated at 25-30 
ºC  for 21 days in 
growth chambers

 Pots removed from 
the Ziplock bags 

 Soil  open to air for 7 
days

 Mustard greens seed 
seeded

Cover crops cultivation Carbon source incorporation Biocontrol inoculation Covering  & incubation Mustard greens sowing1 2 4 53
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