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Sclerotium rolfsii causes damping off, root rot, and stem rot of more than 500 plant species. It is 

also an active saprophyte, surviving two to three years in a wide range of soil properties. 

Infection from sclerotia of S. rolfsii can cause large losses in horticultural production systems. 

Studies on anaerobic soil disinfestation (ASD), which is a promising non-chemical alternative to 

soil fumigants for controlling many soilborne diseases, have been reported to reduce the 

sclerotial germination of S. rolfsii (Shrestha et al., 2016). Similarly, biocontrol agents (e.g., 

Trichoderma spp.) are also reported to affect the ability of sclerotia to cause plant disease (Elad 

et al., 1980; Errakhi et al., 2007). However, the combined effect of ASD and microbial 

biocontrols has not been reported. Our study compared the effect of ASD and introduced 

biocontrols separately or in combination, at the initiation of ASD treatment, for impact on 

sclerotial germination and parasitism.  

We evaluated three biological controls, separately, and in combination with ASD. Our 

biocontrols were T. asperellum, which we isolated as a parasite from sclerotia of S. rolfsii 

recovered from field trials of ASD, and two commercially available biofungicides, Trichoderma 

harzianum (RootShield®) and Streptomyces riseoviridis (Mycostop®). Our treatments were: i) 

ASD alone with dry molasses (carbon rates of 4 mg C g-1 at C:N ratio 30:1), and ASD in 

combination with ii) Trichoderma asperellum,  iii) RootShield®, iv) Mycostop®, and  v) 

RootShield® + Mycostop®. Additional treatments were vi) Trichoderma asperellum, vii) 

RootShield®, viii) Mycostop® and ix) RootShield® + Mycostop®. Two non-amended, negative 

controls were included: a polyethylene-covered control and a non-covered control. Repeated 

growth chamber experiments (15-25 °C) including pots (with a soil: sand mixture) with the 

above mentioned treatments were arranged in a completely randomized block design. Three 

packets, with ten sclerotia of S. rolfsii each, were buried at 5-, 10- and 15-cm depths in each pot. 

Oxidation-reduction electrodes were inserted at 15-cm depths to measure cumulative redox 

potential. Pots were saturated with deionized water, with/without biocontrol agents. All pots 

were covered with black polyethylene (0.03 mm) and secured with a heavy-duty rubber band for 

3 weeks, except the non-amended control pots. Packets containing sclerotia were retrieved from 

5-, 10- and 15-cm depths, and sclerotia were plated onto 24-well plates containing either 

antibiotic-amended potato dextrose agar (PDA), actinomycete isolation agar (AIA), or 

Trichoderma-selective medium to assess germination and parasitism of sclerotia.  



19-2 

 

We observed that anaerobic conditions during ASD treatment, with or without biocontrol agents, 

were higher than all other treatments (Figure 1). Germination of sclerotia retrieved from 5-, 10- 

and 15-cm depths (data not shown) was significantly lower in ASD treatments, with or without 

biocontrol agents, than biocontrol treatments alone. There were no significant differences in 

sclerotial germination among the ASD and ASD combined with biocontrol treatments. At 5-cm, 

mortality of sclerotia was lower than greater depths (10- or 15-cm), and use of biocontrol agents 

alone did not reduce sclerotial germination compared to the covered or non-covered controls. At 

all depths, regardless of added biocontrol agents, sclerotial parasitism by Trichoderma, 

zygomycetes, and bacteria was apparent, but parasitism of sclerotia by actinomycetes was only 

observed in AIA medium (Figure 2). Compared to biocontrol agents alone, parasitism of 

sclerotia by zygomycetes and bacteria was higher in ASD and ASD combined with biocontrol 

agents. A higher percentage of Trichoderma parasitism of sclerotia was observed in sclerotia 

retrieved from the 5-cm depth plated on PDA than greater depths (data not shown). Our results 

showed that the use of biocontrol agents such as Mycostop® or RootShield®, or field-isolated T. 

asperellum did not consistently reduce sclerotial germination under the covered condition. 

Addition of these biocontrol agents at ASD treatment did not promote further suppression of 

sclerotial germination, compared to ASD treatment alone.  
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Figure 1. Effect of ASD (with/without biocontrol agents) and biocontrol agents on cumulative 

anaerobic condition. Bars indicated by different letters are significantly different at p<0.05 

according to Fisher’s PLSD test.  
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Figure 2. Effect of anaerobic soil disinfestation, biocontrol agents, or their combination on 

actinomycetal parasitism of sclerotia of Sclerotium rolfsii recovered from 10-cm examined on 

actinomycete isolation agar. Bars indicated by different letters are significantly different at 

p<0.05 according to Fisher’s PLSD test.  
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