
ISSN 0916-958X 
No. 17 
March. 2024 

 

 

 

Biocontrol as a tool for achieving sustainable food systems  
~Leading approaches to establishing practical biocontrol strategies 

useful for disease control in actual crop production~ 
 
 
 
 
 
 
 
 
 
 

2024 Sendai 
 
 
 
 
 
 
 
 

 

PSJ Biocontrol Workshop 

 

Biocontrol as a tool for achieving sustainable food systems  
~Leading approaches to establishing practical biocontrol strategies 

useful for disease control in actual crop production~ 
 



 
 
 
 
 
 
 
 

17  
Proceedings of PSJ Biocontrol Workshop XVII 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 
 

2024 1000  

200  

 

 

  

 

1989 17

5

2018 15 6

 16

  

 

2021 2050  

50

10

 

 

3

4

 

 

 

 

 

  

 

6 2 13   





  

 

1  

  

 

10  

  

 

17 

  

 

22 

  

 

29

 

38 

  

 

47 

  

 

54 

   
 





1 
 

 

 
 

 
Future challenges and perspectives on biocontrol study 

Shigenobu YOSHIDA Institute for Plant Protection, NARO 
 
Abstract 

To promote development and utilization of biopesticides, it is significant to vitalize biocontrol studies 
based on both tangible (finding and using novel superior microbial agents) and intangible (deriving to 
maximize control abilities of microbial agents) approaches.  Here lecture contents presented in PSJ 
Biocontrol Workshops held in recent 10 years are reviewed from the viewpoint of the tangible and 
intangible elements in biocontrol studies, together with reviewing current situation on the development of 
biopesticides and trends of biocontrol studies.   Future challenges and perspectives on biocontrol study 
based on the reviews is lastly discussed. 
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Control of tomato powdery mildew with Beauveria bassiana 

using non-heating fog treatment technology 
Tsubasa Murata Mie Prefecture Agricultural Research Institute 

 
Abstract 

In recent years, as the scale of protected horticulture farming has become larger, non-
heating fog treatment technology is once again attracting attention as a labor-saving 
spraying technique. In addition, the use of microbial pesticides needs to be expanded to 
achieve the goals of Strategy for Sustainable Food Systems MIDORI. However, since 
multiple applications of them are recommended before the onset of disease, the burden on 
agricultural producers is heavy. Therefore, we tested the efficacy of entomopathogenic 
fungus Beauveria bassiana using non-heating fog treatment technology for control of 
powdery mildew, which are problems in tomato cultivation in Mie prefecture. Beauveria 
bassiana was found to be effective in controlling the disease even when applied as non-
heating fog treatment technology. Although high-concentration, small-volume spraying is 
generally used for non-heating fog treatment, the pest control effect of Beauveria bassiana 
was more stable with low-concentration, large-volume spraying than with high-
concentration, small-volume spraying when the total amount of biopesticides dropped was 
the same. 
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Labor-saving control technology for tomato gray mold using microbial pesticides with 

overhead spray equipment. 
 

Akiyoshi Miyazaki : Gifu Prefectural Agricultural Technology Center 
 

Abstract 
Gray mold (Botrytis cinerea Persoon: Fries) is one of the most important diseases in 

tomato cultivation. In production areas, the disease could not control adequately because the 
onset of the disease coincides with the harvesting season. In addition, since pesticide 
resistant fungi have emerged, it is necessary to pay attention to the pesticides to be used. 
Therefore, this study examined a labor-saving pest control method based mainly on 
microbial pesticides. A daily mist spray of Bacillus formulation using an overhead spray 
device with a mist nozzle was found to delay or suppress the onset of disease. It was also 
found that regular mist application of the bacillus formulation can reduce the number of 
times chemical pesticides are applied by manual spraying. Not only Bacillus formulation but 
also potassium bicarbonate was effective as an overhead fungicide. Alternate application of 
Bacillus and potassium bicarbonate at one-week intervals was found to be effective in 
suppressing the incidence of tomato gray mold. In addition to mist spraying, the use of 
watering tubes as overhead spraying equipment, which can be installed at a lower cost, was 
also found to be effective. 
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Development of vermicompost focusing on plant disease suppression effects. 
Motoaki Tojo: Graduate School of Agriculture, Osaka Metropolitan University 
 
Abstract 

Vermicompost refers to compost produced through a non-thermophilic oxidation 
process by earthworms and related microorganisms. Vermicompost can suppress plant 
diseases. In most cases, the mechanism of plant disease suppressive effects is not a direct 
antibacterial action, but an indirect action that occurs by supporting healthy plant growth. 
However, it also includes direct effects such as the involvement of antibacterial substances. 
In this presentation, the author will introduce the current state of the worldwide research on 
the effects of vermicompost on plant disease control, introduce the authors' study, and 
consider future challenges and prospects for this research field. 
 

 

(Pathma and Sakthivel 2012) 1
 (Elvira et al. 1998)

1990
 (Atiyeh et 

al. 2000; Garg et al. 2006)

Globisporangium ultimum (syn. Pythium ultimum) Rhizoctonia solani Verticillium sp.
(Scheuerell et al. 2005; Chaoui et al. 2002)  

 
 

 

(Yatoo et al. 2021)
( 2021; 



23 
 

2024)

 

Blouin et al. (2019) 

26% 13% 78% 57%
Blouin et al. (2019) 30 50%

 
(Yatoo et al. 2021)

 1:10  1:20 
bioactive molecules

(Edwards et al. 2006)
(Scheuerell and 

Mahaffee 2004 ) Arancon et al. 2002

 (Singh et al. 2003) (Zaller 2006)
(Manandha and Yami 2008)  

 
 

2013
Phyllostachys edulis

1
2



24 
 

1  

Eisenia fetida
(You et al. 2019a)

 
 

 

 You Xiaodong
You et al. 2019a  

 
 

10 kg  
Pueraria lobata 100 g 

100 g  
※  
 

 

100 g 28℃ 8 12

 
 

※ 16
 

※
2022; 2022; 

2023a-c  



25

Pythium aphanidermatum
Rhizoctonia solani AG-

1 IB

You et al. 2018

You et al. 2018

2020

1/5 0.2g

2022

Pythium aphanidermatum

You et al. 
2019a; 2020

0.22 μm
Rhizoctonia 

solani AG1-IB

You et al. 
2019b



26

You et al. 2019a
ergosterol peroxide 

You et al. 
2019b

Hashimoto et al. 
2021

1

2000
Chaoui et al. 2002; Szczech and Smolińska 2001



27 
 

 
Atiyeh, R. M., Domínguez, J., Subler, S. and Edwards, C. A. (2000). Changes in biochemical 

properties of cow manure during processing by earthworms (Eisenia andrei, Bouché) and the 
effects on seedling growth. Pedobiologia 44:709-724.  

Arancon, N. Q., Edwards, C. A., Lee, S. S., & Yardim, E. (2002). Management of plant parasitic 
nematode populations by use of vermicomposts. In Brighton crop protection conference pests 
and diseases (Vol. 2, pp. 705-710). https://vermitak.ir/wp-
content/uploads/2018/09/nematod.pdf 

Blouin, M., Barrere, J., Meyer, N., Lartigue, S., Barot, S. and Mathieu, J. (2019). Vermicompost 
significantly affects plant growth. A meta-analysis. Agronomy for Sustainable Development, 
39:1-15. DOI: 10.1007/s13593-019-0579-x 

Garg, P., Gupta, A. and Satya, S. (2006). Vermicomposting of different types of waste using Eisenia 
foetida: A comparative study. Bioresource technology, 97:391-395. DOI: 
10.1016/j.biortech.2005.03.009 

Hashimoto, S., Furuya, M., You, X.D., Wanibuchi, G., Tokumoto, H., Tojo, M. and Shiragaki, K. 
(2021). Chemical and microbiological evaluation of vermicompost made from school food 
waste in Japan. JARQ 55:225-232. DOI: 10.6090/jarq.55.225 

(2022).  Pythium aphanidermatum
. 

88:227  
(2022). 

 76:82  
 (2023a). 

. 89:22  
 (2023b). 

89:206  
 (2023c).

.  77:111  
Manandhar, T. and Yami, K. D. (2008). Biological control of foot rot disease of rice using fermented 

products of compost and vermicompost. Scientific world, 6: 52-57. 
https://sciencemuseum.gov.np/wp-content/uploads/2020/07/Scientific-world-volume-
6.pdf#page=55 

. (2021). . 
, 100: 74-80. DOI: 10.20550/jieenermix.100.1_74 

(2024). . 
https://www.maff.go.jp/j/seisan/kankyo/hozen_type/h_sehi_kizyun/pdf/kana_20.pdf 

Pathma, J. and Sakthivel, N. (2012). Microbial diversity of vermicompost bacteria that exhibit useful 
agricultural traits and waste management potential. SpringerPlus 1: 1-19. DOI: 10.1186/2193-
1801-1-26 



28 
 

Scheuerell, S. J. and Mahaffee, W. F. (2004). Compost tea as a container medium drench for 
suppressing seedling damping-off caused by Pythium ultimum. Phytopathology 94:1156-1163. 
DOI: 10.1094/PHYTO.2004.94.11.1156. 

Scheuerell, S. J., Sullivan, D. M. and Mahaffee, W. F. (2005). Suppression of seedling damping-off 
caused by Pythium ultimum, P. irregulare, and Rhizoctonia solani in container media amended 
with a diverse range of Pacific Northwest compost sources. Phytopathology 95:306-315. 
https://apsjournals.apsnet.org/doi/pdf/10.1094/PHYTO-95-0306 

Singh, U. P., Maurya, S. and Singh, D. P. (2003). Antifungal activity and induced resistance in pea by 
aqueous extract of vermicompost and for control of powdery mildew of pea and balsam. 
Journal of Plant Diseases and Protection, 544-553. https://www.jstor.org/stable/43215548 

 (2020). :  
6712044   
 (2022).  2022-42948  

Yatoo, A. M., Ali, M. N., Baba, Z. A. and Hassan, B. (2021). Sustainable management of diseases 
and pests in crops by vermicompost and vermicompost tea. A review. Agronomy for 
Sustainable Development, 41:1-26. DOI: 10.1007/s13593-020-00657-w 

You, X.D., Kimura, N., Okura, T., Murakami, S., Okano, R., Shimogami, Y., Matsumura, A., 
Tokumoto, H., Ogata, Y. and Tojo, M. (2019a). Suppressive effects of vermicomposted-
bamboo powder on cucumber damping-off. JARQ 53:13-19. DOI: 10.6090/jarq.53.13 

You, X.D., Wakana, D., Ishikawa, K., Hosoe, T. and Tojo, M. (2019b). Antifungal activity of 
compounds isolated from bamboo vermicompost against Rhizoctonia solani AG1-IB. 
Advances in Microbiology 9:957-970. DOI: 10.4236/aim.2019.912061 

  (2020). 
.  74:50-53. DOI: 10.18946/jssm.74.2_50 

You, X.D., Tojo, M., Ching, S. and Wang, K.-H. (2018). Effects of vermicompost water extract 
prepared from bamboo and kudzu against Meloidogyne incognita and Rotylenchulus reniformis. 
Journal of Nematology 50:569-578. DOI: 10.21307/jofnem-2018-054 

Zaller, J. G. (2006). Foliar spraying of vermicornpost extracts: effects on fruit quality and indications 
of late-blight suppression of field-grown tomatoes. Biological agriculture & horticulture, 
24:165-180. 

 
 

 
Rhizoctonia solani AG1-IB

JA
A-STEP JPMJTM19CN

 



29 
 

Biocontrol of plant diseases by using phenotype conversion mutants of Ralstonia 
pseudosolanacearum 

Hiroki Nakahara : Former: Arid Land Research Center, Tottori University (Current 
Affiliation: National Agriculture and Food Research Organization) 

Taro Mori : Faculty of Education, Shiga University 
Naotaka Matsuzoe : Graduate School of Environmental and Symbiotic Sciences, Prefectural 

University of Kumamoto 

Abstract 
 Bacterial wilt and Verticillium wilt are serious soil-borne plant diseases that cause the wilt and 
death of more than 200 species of plants, including Solanum plants such as tomatoes, eggplants, and 
potatoes. Ralstonia pseudosolanacearum causes bacterial wilt and undergoes spontaneous phenotype 
conversion (PC) from its wild-type form to avirulent or weak virulent strain. Several studies reported that 
bacterial wilt and Verticillium wilt diseases were suppressed by pre-inoculation with PC mutants into plants. 
The biocontrol techniques have not been put into practical use. We are conducting research on the 
biocontrol against the plant diseases by using PC mutant, and introduce the trends in the research, the 
biological control mechanism, and approaches for future development. 
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Biocontrol strategies suggested from basic research on the root microbiota 
Masayoshi Hashimoto 

Faculty of Agriculture, Shizuoka University 
 
Abstract 

In nature, plant roots are colonized by a species-rich microbial community, which is mainly 
recruited from a subset of the surrounding soil microbiota. Whether and how the beneficial services to 
host plants are provided by the plant-associated microbiota is attracting many attentions for improving 
plant productivity and compromising environmental issues by crop production. In the last decades, the 
two major technological advancements in the plant microbiota research area have been achieved. One is 
the whole microbial community structure analysis based on PCR amplicon sequencing of marker genes 
using NGS platform, and the other is the plant microbiota reconstitution systems based on the 
comprehensive microbial culture collections. These enabled us to tackle the basic research questions on 
the plant microbiota research. I will discuss how the basic research on the plant root microbiota could 
contribute to developing biocontrol strategies of plant diseases. 
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Glutamate positively regulates functions of plant-protecting bacteria 
Kasumi Takeuchi: Institute of Agrobiological Sciences, National Agriculture and Food 

Research Organization 
 
 
Abstract 

Pseudomonas protegens and the related strains are effective biocontrol bacteria that has adapted to 
rhizosphere by producing various secondary metabolites with antibiotic activity. The expression of 
biocontrol factors depends on the Gac/Rsm signal transduction pathway. Thus, mutants defective in the 
Gac/Rsm signal transduction pathway have a reduced ability to produce such biocontrol factors and to 
suppress plant diseases. Based on the findings of our metabolomic study, we have identified several primary 
metabolites as potential signals in the Gac/Rsm pathway and niche adaptation. We also investigated the role 
of amino acids in the biocontrol trait of P. protegens towards Pythium damping off and root rot in cucumber. 
Among the 11 amino acids tested, glutamate showed positive effect on the biocontrol efficacy of P. 
protegens. Based on the RNA-Seq analysis, glutamate appears to be involved in the regulation of several 
Gac-regulated factors. Parts of the phl cluster and plt cluster, which encode 2,4-diacetylphloroglucinol and 
pyoluteorin, respectively, were up-regulated, but the production levels of these metabolites were not 
increased. Among the up-regulated genes, co-transcription of the chitinase gene cluster (cbp-chiC, in which 
the cbp gene was annotated as a gene encoding chitin-binding protein and the chiC gene encoded chitinase) 
was observed. The promoter activity of this cluster and the chitinase activity were characterized in detail, 
and we found that the activities were up-regulated in response to exogenous glutamate. 

Based on the findings, these inexpensive carbon sources have potential as ingredients in 
formulation mixtures of biocontrol pseudomonads for the optimal suppression of root diseases in aspects 
of the application of biocontrol agents. 
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Development of a screening platform for antagonistic bacteria using microdroplet 

technology 
Megumi Narukawa-Nara: Faculty of Life and Environmental Sciences, Tsukuba University 

Yasunori Ichihashi: Bioresource Research Center, RIKEN 
 

Abstract 
 Biopesticides such as antagonistic bacteria against pathogens have been attracting attention because of 
low environmental risks. However, the conventional approach using plate cultivation to isolate 
antagonistic bacteria shows low-throughput and a limited number of candidate strains has been isolated. 
Therefore, isolation of a wider variety of effective antagonistic bacteria has been demanded. In this study, 
we aimed to establish a screening platform for antagonistic bacteria utilizing a high-throughput 
microdroplet technology. The soil pathogen Ralstonia solanacearum was used as a model pathogen and 
the model antagonist bacteria 3-8A strain was isolated from soil. The GFP-labeled R. solanacearum was 
co-cultivated with or without 3-8A strain in the same droplet, then the GFP-negative droplets whose GFP 
fluorescence were reduced by 3-8A strain were selected. The antagonistic function of the bacteria from 
the selected droplets were validated by co-cultivation with R. solanacearum in plate. Using the 
established platform, we screened a total of 2 million droplets using soil bacteria and obtained 1,920 
candidates, of which 1,216 were culturable. Our results suggest that the microdroplet technology is a 
powerful tool for screening antagonistic bacteria. 
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