
Introduction

Native plant pathogens are a costly problem in ornamental plant industries around the

world. However, exotic pathogens are especially damaging and can be rapidly moved

great distances to many locations if nursery stock is infected. Plant material are being

shipped increasing distances around the country and around the world, disinfection of

plant material has become a top priority. Difficult pathogens to eradicate, including

Phytophthora ramorum (Sudden Oak Death), make this even more challenging. To

prevent quarantines of nurseries, research has shifted towards finding a valid

treatment method for nursery stock contaminated with P. ramorum. Electro-BioCide (E-

B) (Strategic Resource Optimization Inc. (SRO), Denver, CO) a patent-protected, EPA

registered, general use oxidant disinfectant, composed of a proprietary blend of

chlorine dioxide (ClO2), surfactant, and pH buffering may be a potential disinfectant for

the nursery industry. After testing and implementation in both medical and military

industries, scientists at SRO believe that E-B may be a valid disinfectant option for

nursery plants. E-B has never been tested on plant material. Research needs to be

completed to determine any phytotoxic effects. In this research, Electro-BioCide will be

tested alongside Oxidate (BioSafe Systems, East Hartford, CT), a widely used

hydrogen dioxide disinfectant, to determine if it may replace Oxidate as a safer broad-

spectrum oxidant disinfectant. To enhance our understanding of any impacts E-B may

have on camellia foliage, chlorophyll fluorescence was used to determine foliar

damage. Chlorophyll fluorescence has proven on many occasions that it can be useful

in detecting stress in plants from various biotic and abiotic stressors, including

chemical damage, even before visual indicators are present. Before being used to

disinfect material, any disinfectant needs to be evaluated to determine its toxicity to

plants. This research attempted to answer the following objectives:

•Evaluate phytotoxicity of various E-B concentrations to camellia. 

•Compare these findings with phytotoxicity ratings of a common industry disinfectant. 

•Determine if the number of consecutive spray applications impacts the physical and 

or photosynthetic health of the plant. 

•Determine the common characteristics of physical injury on Camellia from E-B. 

•Determine the impact of a surfactant in reducing disinfectant-induced phytotoxicity. 

Methods

Ten disinfectant treatments were divided into two groups of five treatments each. The

treatments were grouped because only 20 plants could be measured for fluorescence

in a given day. Thus the twenty plants per group were treated and measured on

sequential days to maintain the same time intervals of measurement for all the

treatments. The incomplete factorial design included three study factors: disinfectant

type, disinfectant concentration, and surfactant concentration. Visual injury ratings and

maximum quantum efficiency of PSII (Fv/Fm) were measured over seven time periods.

Three environmental cofactors were included in the fluorescent test including, soil

temperature, soil moisture, and leaf temperature. Two oxidant properties were

measured and included in the analyses including pH and oxidation reduction potential

(ORP). The specimens used for this study were Camellia japonica ‘Scentsation.’ This

cultivar is a semi-dwarf evergreen shrub with 45 cm to 60 cm tall foliage. 55 camellia

plants, in 5 gallon nursery containers. The analysis applied repeated measures to the

five Fv/Fm measurements on each plant. Logistic regression was applied to analyze

the visual injury ratings.

Disinfectant Treatments 

This study consisted of ten disinfectant treatments. The two oxidants used in the solutions

were chlorine dioxide (ClO2) and hydrogen dioxide (H2O2). E-B a blend of ClO2 was applied

at three rates (100, 200, and 400 mg·L-1), with (0.2%) and without (0%) sarcosinate

surfactant. An industry standard oxidate H2O2 disinfectant was used as, applied only at label

rate (100 mg·L-1), with (0.2%) and without (0%) sarcosinate surfactant, to compare effects to

those of E-B.

Observed Camellia injury symptoms
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Results

Repeated measure analysis - Fv/Fm response (proportion of photons utilized)

Logistic regression - visual injury ratings (higher score more injury)

Discussion

• Surprisingly, sarcosinate resulted significantly higher Fv/Fm for treatments containing oxidant across the five 

measurement intervals. The significant differences increased with increasing oxidant concentration. This was 

due the interaction of treatments containing Sarc with the Oxidant concentration. When Sarc was present 

oxidant  concentration had a positive slope. The slope was negative when Sarc was absent. 

• Hydrogen dioxide 100 mg·L-1 w/ or w/o Sarc had significantly lower Fv/Fm than any of the eight ClO2

solutions. The significantly lower Fv/Fm was consistent across all five measurement intervals. 

• After the 5th oxidant (ClO2 or H2O2) application with or without Sarc, Fv/Fm showed a significant decline 

predicting an increase in camellia injury observed in the injury data in measurement count 6 and even more so 

in count 7.

• Electro-BioCide or Oxidate did not visually damage plants until after five consecutive spray applications for 8 

out of 10 treatments.

• Visual injury generally increased with increasing ClO2 or EB concentrations. Long spray applications led to 

spray run off from leaves and excess spray liquid remaining on leaf tips. Most leaf injury occurred on leaf 

margins and leaf tips.

Summary

This study demonstrated that 1) E-B at a rate predicted to eradicate P. ramorum should not visually damage 

camellia plants until after five applications; 2) E-B has a positive effect on photosynthetic functioning over time; 3) 

Sarcosinate benefits, Fv/Fm increases with increasing oxidant concentration; 4) Chlorophyll fluorescence (Fv/Fm) 

detected camellia stress up to three days earlier than visual symptoms occur; 5) Soil moisture, and leaf and soil 

temperature are important factors when analyzing Fv/Fm and visual injury scores; and 6) When environmental 

factors are controlled, pH and ORP do not significantly impact visual injury; however, they did significantly impact 

Fv/Fm measurement.
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