
1-1 
 

BIOSTIMULATED REDOX PROCESSES IN SOILS DISINFESTED WITH 
ETHANOL SOLUTION 

 
Y. Kobara1*, Noriaki Momma2 and Y. Yogo1 

 
1National Institute for Agro-Environmental Sciences (NIAES),  

3-1-3, Kannondai, Tsukuba, Ibaraki 305-8604, Japan 
2Japan Horticultural Production and Research Institute (HRI), 

2-5-1, Kamishiki, Matsudo, Chiba 270-2221, Japan 
 
Introduction 
The chlorinated fumigants chloropicrin (trichloronitromethane) and 
1,3-dichloropropene (1,3-D) are major fumigants used in Japan to control 
soil-borne diseases in crops such as cucumbers, gingers, tomatoes, melons, green 
peppers, etc. Although these two fumigants are not recognized as stratospheric 
ozone-depleting substances such as methyl bromide, their rapid volatilization 
causes air pollution that is a public health concern. Biological Soil Disinfestations 
(BSDs) with organic materials such as wheat bran, rice bran or sugarcane molasses 
have been strenuously examined as an alternative to chemical soil fumigations in 
Japan. Hitherto known factors for the effects of BSDs are assumed to be decreasing 
in redox potential (Eh), O2 concentration and pH, and generated-organic acids such 
as acetic acid and butyric acid. However, the fungicidal activity in soil amended 
with the organic materials has not been explained adequately by only these factors. 
The purposes of our study were to develop the new fumigation technique with low 
concentration of ethanol solution, and to elucidate the fungicidal mechanisms by 
evaluating metal ions dynamics in soil solutions under biostimulated anoxic 
condition with diluted ethanol solution.   
Materials and methods 
 Laboratory experiments were conducted to fill up polypropylene containers (15.4 
cm in height, 17.0 cm in width and length with an inner dimension, and ca. 4.45 L 
with an internal volume) with fresh soils  (4 kg, Hydric Hapludand soil at the 
NIAES, Tsukuba and 6.5 kg Loamy Sand at Sousa, Chiba), and to place each 3 
porous cups for soil water sampling and the inoculum bag to depth of 10 cm from 
the soil surface. Water contents of fresh Hydric Hapludand soil and Loamy Sand 
were 28.9 and 15.4 %, respectively. Given amounts of diluted ethanol solutions (0.0, 
0.5, 1.0 and 2.0 v/v%) were applied at a volume of 1.0 L to each container. For a 
comparison purpose, 30 g of rice bran and 1.0 L of water were applied to other 
containers. These containers were maintained at 20 and 30 oC for 14 days in the 
incubators.  
For sequential changes of physicochemical properties of soils by applying diluted 
ethanol, we focused on soil pH, Eh and O2 concentrations in soils or soil waters. 
Soil pH and Eh were measured with multiple electrodes (Orion 3-Star Portable 
pH/ORP/Temperature Meter, Thermo Fisher Scientific, Inc.) and oxygen 
concentrations in soils or soil waters were measured with Oxygen Sensor 
Spectrometer (USB4000-FL-450 Spectrofluorometer and FOXY-T1000-RTD, 
Ocean Optics, Inc.) consecutively every 30 minutes.  
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7 and 14 days after treatment, soil solutions were withdrawn by porous cups and 
analyzed for organic acids and metals. The amounts of organic acids and metals 
were analyzed using High-Performance Liquid Chromatography equipped with a 
conductometric detector (HPLC; SCL-10A, CDD-6A Shimadzu) and Inductively 
Coupled Plasma-Optical Emission Spectroscopy (ICP-OES: VARIAN VISTA-Pro), 
respectively. The inoculum bags were retrieved, and viable pathogen was counted 7 
and 14 days after treatment.   
Results and discussion 
The ethanol seems to act as an initiator to the reduced condition of soils and several 
phase reaction steps take place (Fig. 1). Acetic acid was detected in ethanol 
treatment. Concentration of other organic acids was negligibly low. In water 
treatment, no organic acids were detected (data not shown). These concentrations 
of organic acids had not sufficient fungicidal activity to the pathogen. Iron (Fe) and 
Manganese (Mn) are important and abundant element in the soil environment. 
Microbially stimulated reductive condition with ethanol solution has been linked to 
the release of Fe and Mn to soil water (Fig. 2). Furthermore, the pathogen was 
effectively killed in Mn2+ and Fe2+ solution.  Therefore, we suggested Fe2+ and 
Mn2+ were important factors that incite cell death of the pathogen in this fumigation 
technique. In contrast to soil water of the Hydric Hapludand soil, that of Loamy 
Sand contained high concentrations of Fe and Mn, which raises the question how 
multiple metal releases are effected by microbial activities under changing redox 
conditions. Few studies have addressed the potential impact of metal dynamics on 
fungicidal activity of redox sensitive elements.This study linked fungicidal activity 
with metal dynamics in field soils under biostimulated reductive conditions with 
ethanol. 

 
Fig.1 Transitions of Eh and pH treated with 1.0% ethanol solution 

 
Fig. 2 Fe and Mn concentrations in soil water 14 days after treatment  
○ : loamy sand, ●: hydric hapludand soil 
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Freeman, Josh (44) – Utilization of Grafted Tomato Seedlings for Bacterial
Wilt Resistance in Open Field Production.

Louws, Frank (45) – A Multi-Institutional Public and Private Response to
Risk Mitigation Measures for Soil Fumigants.

Noling, Joseph W. (46) – Assessing Crop Impact and Sting Nematode
Management in Florida Strawberry.

Anil, Sebastian (47) – Life Cycle Analysis of Pallets and Phytosanitary
Treatment Methods.

MacRae, Andrew (48) – Sustainability of Methyl Bromide Alternatives –
Squash Double Crop.

Vallad, Gary (49) – Sustainability of Methyl Bromide Alternatives – Tomato
and Pepper Initial Crop.

Schilling, Wes (50)-Controlled Atmosphere Treatments to Control Arthropod
Pests of American Dry Cured Hams.

Johnson, Judy (51) – Development of Radio Frequency Treatments for Dried
Pluses.

Burkes, Charles (52) – Mating Disruption for Navel Orangeworm in Central
California Year 3.

Siegel, Joel (53) – Problems Implementing a Systems Approach for Navel
Orangeworm in California.

Marcotte, Michelle (91) – MBTOC Views, Research Needs and Myths.

Walse, Spencer  (54) – Mapping Sulfuryl Fluoride Quarantine Control of
Amyelois transitells Using Multivariate Modeling.

Emekci, Mevlut (55) – The Efficacy of Sulfuryl Fluoride Against Egg Stage
of the Dried Fruit Beetle.

Ferizli, Guray (56) – Does Sulfuryl Fluoride and Heat Combination
Overcome the Egg Weakness of Almond Moth?

Thoms, Ellen (57) - Sulfuryl Fluoride as a Quarantine Treatment for Wood
Products.

Thoms, Ellen (58) – Sulfuryl Fluoride for Quarantine Treatment of Pinewood
Nematode.

Glennon, Dennis (90) – Automated Web-Based Infrared Monitoring System
for Milling and Quarantine Fumigations.
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Hennessey, Mike (60) -APHIS-PPQ Alternative Quarantine Treatment
Methods Development Progress - 2010.

DeLima, Francis (61) – Ethyl Formate + CO2 Fumigation of Table Grapes
for Light Brown Apple Moth.

Flingelli, Gabriele (62) – Phosphine Fumigation of Green and Yellow
Kiwifruit for Quarantine.

Campbell, James  (63) – Impact of Structural Fumigation on Pest
Populations in Food Processing Facilities.           

Arthur, Frank (64) – Residual Efficacy of Pyrethrin-Methoprene Aerosols
on Packaging Surfaces.

Holcomb, Mike (65) – An IPM Approach to Methyl Bromide Replacement.

Horn, Pedro (66) – Automated Structural Fumigations with Phosphine Using
the Horn Diluphos System.

Hartzer, Michelle (67) – Methyl Bromide, Sulfuryl Fluoride and Heat:
Effectiveness Against Red Flour Beetle.

Hosoda, Ed (68) – Update on the Commercial Acceptance of Profume Gas
Fumigation.

Williamson, Peter  (69) – Profume at Low Rates on Large Grain Bunkers for
Complete Control.

Thoms, Ellen (70) – First Commercial Sulfuryl Fluoride Cocoa Bean
Fumigation in the European Union.

Barnekow, David (71) – Profume Gas Fumigant: US and Global Regulatory
Update.

Park, Min-Goo (72) - Effect of PH3 + CO2 Mixture as a Quarantine
Fumigant in Cut Flowers.

Falco, Joseph (73) - Large Scale Methyl Bromide Recapture for QPS.

Mack, Ron (74) - Efficacy of Radiofrequency Treatment on Asian
Longhorned Beetle (ALB) and Emeral Ashborer (EAB)in Roundwood.

Son, Yerim (75) - A Pilot Study to Apply CATTIS Against the Peach
Fruit Moth, Carposina  sasakii, in Apples.

Kokalis-Burelle, Nancy (76) - Grafting for Control of Meloidogyne incognita
on Bell Pepper, Tomato and Melons.

Bausher, Michael (77) - Performance of Grafted Tomatoes in Open Field
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Trials at Two Locations in Florida.

Fennimore, Steven (78) - A Strategy to Sustainably Produce Strawberry
without Fumigants.

Sams, Carl (79) - Using Mustard Seed Meal to Biofumigate Strawberry Soil.

 Walters, Thomas (80) - Top Ten Things to Know About Methyl Bromide: A
Raspberry Nursery Survey.

Lakshman, Dilip (81) - Molecular Identification and Fungicide Tolerance of
Rhizoctonia from Turfgrass.

Rosskopf, Erin (82) - Evaluation of Alternatives to Methyl Bromide for

Ornamental Crop Production in Florida.

Rosskopf, Erin (83) - Evaluation of Steam for Nematode and Weed Control
in Cut Flower Production in Florida.

Rosskopf, Erin (84) - Dvelopment of Anaerobic Soil Disinfestation for
Florida Vegetable and Flower Production.

  Hanson, Bradley (85) - Steam Disinfestation as a Methyl Bromide
Alternative in California Cut Flower Nurseries.

Dew, Thurman (86) - Chloropicrin and PCN in UK Soils – Pilot Study 2010.
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