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Evaluation of Electrolyzed Oxidizing Water for Management of Powdery Mildew 
on Gerbera Daisy 

D. S. Mueller, Department of Plant Pathology, University of Georgia, Y.-C. Hung, Department of Food Science 
and Technology, University of Georgia, and R. D. Oetting, Department of Entomology, University of Georgia, 
Georgia Station, Griffin 30223; M. W. van Iersel, Department of Horticulture, University of Georgia, Athens 
30602; and J. W. Buck, Department of Plant Pathology, University of Georgia, Georgia Station, Griffin 30223 

Gerbera (Gerbera jamesonii H. Bolus 
ex. Hook f.) or Transvaal daisy is a popular 
ornamental that is susceptible to powdery 
mildew. It is used as a cut flower and flow-
ering pot plant as well as being widely 
used as a landscape bedding plant. Condi-
tions conducive for powdery mildew de-
velopment are cool night and warm day 
temperatures, closed plant canopy, high 
humidity, poor air circulation, and long 
periods of wet foliage (20). Powdery mil-
dew can be easily identified by the whitish 
powder-like fungal growth on either leaf 
surface, and if left unchecked, on the stems 
and flowers. 

An important tool for management of 
powdery mildew is the use of fungicides. 
Fungicides should be implemented on a 
need basis when environmental conditions 
are most conducive for powdery mildew 
development. Several products have been 
reported to provide adequate control of 
powdery mildews (1,7,9,15–18). However, 
increasing concerns about the impact of 
pesticides on the environment, worker 
safety, and the appearance of fungicide 
resistance in target populations (2,3,12, 
13,19) contribute to the need for alternative 
pest control measures. Cultural practices 
are used to prevent powdery mildew from 
becoming a problem, including adequately 

spacing plants, removing leaves that over-
lap, reducing relative humidity, and provid-
ing adequate ventilation (20). These prac-
tices alone do not provide adequate 
control. 

A potential alternative to traditional fun-
gicides for control of powdery mildew is 
the use of acidic electrolyzed oxidizing 
(EO) water, which has gained attention 
from the food industry as a nonthermal 
method for sanitation (10). EO water has 
been demonstrated to sanitize food prepa-
ration surfaces and hospital equipment 
(10,22,23). EO water is generated by elec-
trolysis of a dilute salt solution in an elec-
trolysis chamber where anode and cathode 
electrodes are separated by a nonselective 
membrane made from nonwoven polyester 
fabric (11). Water collected from the anode 
(EO water) has unique properties such as 
high oxidation–reduction potential (ORP), 
low pH, and the presence of hypochlorous 
acid. These properties make EO water 
highly bactericidal (4,10,22) and fungicidal 
(4). Little is known about the exact mecha-
nism of EO water for microbial inactiva-
tion; although the high ORP has been pro-
posed (11). In a study to determine 
potential phytotoxicity of EO water to 
bedding plants, application of the water 
three times per week caused minimal dam-
age to the majority of species tested, and in 
general, EO water appears to be safe to use 
as a foliar spray (5). 

The objectives of this study were: (i) to 
determine how effectively EO water will 
control powdery mildew development on 
gerbera daisy compared with a nontreated 
control and a fungicide treatment; (ii) to 
evaluate EO water in combination with 

fungicides in an integrated management 
system for control of powdery mildew on 
gerbera daisy; and (iii) to determine the 
compatibility of EO water with other pesti-
cides, using Botrytis cinerea conidia as an 
in vitro model system. 

MATERIALS AND METHODS 
EO water. EO water was generated with 

a Hoshizaki ROX-20TA EO water genera-
tor (Hoshizaki Electric Co. Ltd., Toyoake, 
Aichi, Japan) at 14 A with a 2 M stock 
solution of NaCl (certified A.C.S.; Fisher 
Scientific, Pittsburgh, PA). The pH and 
ORP of the EO water produced were 
measured with pH and ORP electrodes 
(model 50, ACCUMET meter; Denver 
Instrument Company, Denver, CO) and 
ranged from pH 2.7 to 2.8 and 1,050 to 
1,053 mV, respectively. The free-chlorine 
concentration was determined by an io-
dometric method using a digital titrator 
(model 16900; Hach Company, Loveland, 
CO) (22). Free-chlorine measurements 
were between 49 and 54 µg ml-1. EO water 
was generated and used within 1 h for each 
experiment. 

Greenhouse experiments. Four-year-
old gerbera plants were donated by a 
commercial grower, separated and repot-
ted, and allowed to grow for 10 weeks. 
Plants were maintained in 2.5-liter pots 
containing Sunshine GBX potting mix 
(Sun Gro Horticulture Inc., Bellevue, WA). 
Gerberas were placed in a polyhouse with 
average night/day temperatures of 22 and 
26°C. Plants were irrigated through drip 
irrigation as needed and fertilized with 
Osmocote Plus 15-9-12 controlled release 
fertilizer (The Scotts Company, Marys-
ville, OH). Insect and arthropod pests were 
managed using standard practices. 

Two separate experiments were con-
ducted to evaluate EO water for controlling 
powdery mildew on gerberas. The goal of 
the first experiment was to evaluate EO 
water used as the only control measure. 
The treatments were (i) a nontreated check, 
(ii) EO water sprayed once a week, (iii) 
EO water sprayed twice a week, (iv) EO 
water diluted with distilled water (1:1) and 
sprayed once a week, (v) EO water diluted 
with distilled water (1:1) and sprayed twice 
a week, and (vi) triadimefon (0.6 g liter-1; 
Strike, Bayer CropScience, Research Tri-
angle Park, NC) sprayed once per week. 
The goal of the second experiment was to 
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evaluate EO water used with fungicides in 
an integrated program. The treatments 
were (i) a nontreated check, (ii) EO water, 
(iii) triadimefon (0.6 g liter-1) followed by 
one application of EO water, (iv) triadime-
fon (0.6 g liter-1) followed by two applica-
tions of EO water, (v) piperalin (0.60 ml 
liter-1; Pipron, SePRO Corporation, Car-
mel, IN) followed by one application of 
EO water, (vi) piperalin (0.60 ml liter-1) 
followed by two applications of EO water, 
and (vii) piperalin (0.60 ml liter-1). For this 
study, fungicides and/or EO water were 
only sprayed once a week. In both studies, 
all treatments were applied to leaf wetness 
using a hand sprayer for 7 weeks. In an 
effort to lower inoculum pressure, the 
nontreated check was changed to EO water 
sprayed twice a week after the fourth week 
in the first experiment. It was changed to 
EO water sprayed once a week after the 
second week in the second experiment. 

Prior to the experiment, infected ger-
beras were dispersed evenly throughout the 
noninfected gerbera plants for 2 weeks and 
removed at the onset of the experiments. 
The severity of powdery mildew on each 
leaf of every plant was estimated weekly 
on the basis of percentage of leaf area ex-
hibiting powdery mildew using the Hors-
fall-Barrett scale (8), and the ratings were 
converted to percent midpoint values (6). 
For week 0, a single mean value was gen-
erated for all treatments. Average severity 
values for each plant were calculated based 
on midpoint values. Also, area under dis-

ease progress curve (AUDPC) values were 
calculated (21) based on the midpoints 
from week 0 through week 7. Early in the 
first experiment, plants had an average of 
10 leaves, and at the end of the study they 
had an average of 25 leaves. At the end of 
each week, flowers were removed and 
totaled throughout the experiment. Early in 
the second experiment, plants had an aver-
age of 15 leaves, and at the end of the 
study they had an average of 30 leaves. 
There were two plants per replication and 
four replications. Plants were arranged in a 
randomized complete block design, and the 
experiment was repeated. 

Compatibility with pesticides. Conidia 
of B. cinerea were stored in 15% glycerol 
at –70°C. Cultures were started on potato 
dextrose agar (PDA; Difco Laboratories, 
Detroit, MI), and conidia were harvested 
after 2 weeks. The culture was flooded 
with 10 ml of 0.05% Tween 20 (J. T. 
Baker, Phillipsburg, NJ), conidia were 
dislodged with a glass rod, and the result-
ing suspension was filtered through five 
layers of sterile cheesecloth. The conidia 
were pelleted, resuspended in sterile dis-
tilled water, and adjusted to 1 × 105 conidia 
per ml. A 100-µl volume of the conidial 
suspension was combined with 10 ml of 
different pesticide solutions in distilled 
water or EO water at half and full recom-
mended rates (Table 1). Fungicides tested 
were azoxystrobin (Heritage; Syngenta 
Professional Products, Greensboro, NC), 
fenhexamid (Decree; SePRO Corporation), 

myclobutanil (Systhane; Dow Agro-
Sciences, Indianapolis, IN), piperalin, thio-
phanate methyl (Cleary 3336; Cleary 
Chemical Corporation, Dayton, NJ), and 
triadimefon. Insecticides tested were 
abamectin (Avid; Syngenta Professional 
Products), acephate (Orthene; Arvesta 
Corporation, San Francisco, CA), imida-
cloprid (Marathon II; Olympic Horticul-
tural Products, Mainland, PA), and spino-
sad (Conserve; Dow AgroSciences). Also, 
the surfactant Triton X-100 (Fisher Scien-
tific) was tested at a rate of 0.06%. Two 
50-µl drops of each treatment were placed 
on four separate PDA plates (one plate 
equals a replication) and incubated at 25°C 
for 18 h. Germination was assessed micro-
scopically for a minimum of 200 conidia 
per replication. 

Data analysis. Experiments in the 
greenhouse were arranged in randomized 
complete block designs with four replica-
tions. Data for the two plants within each 
replication were averaged prior to analysis. 
Each experiment was completed twice. 
The number of flowers, percent powdery 
mildew severity for weeks 2 through 7, and 
AUDPC values were subjected to analysis 
of variance using general linear models 
procedure (PROC GLM) of SAS (SAS 
Institute Inc., Cary, NC). For each of these 
experiments, repetitions and replications 
were considered random variables, while 
treatments were considered fixed variables. 
Means were separated by Fisher’s pro-
tected least significant difference (LSD) at 
P = 0.05. Data from the pesticide compati-
bility experiment are reported as the mean 
± standard error because they could not be 
analyzed with ANOVA due to the quantity 
of zeros and treatment effects are obvious. 

RESULTS 
Greenhouse experiments. In the first 

greenhouse experiment, the repetitions 
were combined because there was no sig-
nificant trial by treatment interaction (P = 
0.10). Powdery mildew was estimated at 
33% at the onset of the experiments (Fig. 
1). The nontreated check plants had over 
80% powdery mildew 3 and 4 weeks after 
the experiment was started. Consequently, 
the nontreated check plants were sprayed 
twice a week with EO water, and the pow-
dery mildew subsequently dropped to 32% 
by week 7. This treatment was removed 
from the final analysis for weeks 5 through 
7, and the AUDPC value was not calcu-
lated through this time period. For the 
triadimefon treatment, the AUDPC value 
(106) and powdery mildew severity at 
week 7 (6%) were lower (P < 0.05) than 
for all EO water treatments (Fig. 1). EO 
water sprayed twice a week had a signifi-
cantly lower (P < 0.05) AUDPC value 
(172) and powdery mildew severity at 
week 7 (12%) than the other EO water 
sprayed once a week and diluted EO water 
spray once or twice a week (Fig. 1). EO 
water did not affect the number of flowers 

Table 1. Percent germination of Botrytis cinerea conidia treated with pesticides mixed with distilled 
water (dH2O) or electrolyzed oxidizing (EO) water 

  Germination (%)a 

 Trial 1 Trial 2 

Pesticide treatment 
Rate (a.i./liter 

water) dH2O EO water dH2O EO water 

Checks      
No treatment …  97 ± 1.0b 0 ± 0.0 99 ± 0.6 0 ± 0.0 
Triton X-100 … 98 ± 0.1 0 ± 0.0 98 ± 0.7 0 ± 0.0 

Fungicides      
Azoxystrobin 0.15 g 98 ± 1.1 0 ± 0.0 98 ± 0.8 0 ± 0.0 
 0.30 g 99 ± 1.1 0 ± 0.0 98 ± 0.5 0 ± 0.0 
Fenhexamid 0.90 g  7 ± 3.3 4 ± 2.0  4 ± 1.7 4 ± 1.4 
 1.80 g  0 ± 0.0 0 ± 0.0  0 ± 0.0 0 ± 0.0 
Myclobutanil 0.30 g 98 ± 1.7 0 ± 0.0 98 ± 1.1 0 ± 0.0 
 0.60 g 98 ± 0.9 0 ± 0.0 99 ± 0.4 0 ± 0.0 
Piperalin  0.30 ml 22 ± 2.5 0 ± 0.0 97 ± 1.9 0 ± 0.0 
  0.60 ml  2 ± 1.6 0 ± 0.0 29 ± 3.5 0 ± 0.0 
Thiophanate methyl 0.90 g 97 ± 1.0 0 ± 0.0 98 ± 0.4 0 ± 0.0 
 1.80 g 97 ± 0.3 97 ± 1.2 98 ± 0.4 98 ± 0.9 
Triadimefon 0.30 g 98 ± 0.8 0 ± 0.0 98 ± 0.4 0 ± 0.0 

 0.60 g 98 ± 1.3 0 ± 0.0 98 ± 0.8 0 ± 0.0 
Insecticides      
Abamectin  0.30 ml 98 ± 0.8 0 ± 0.0 97 ± 0.4 0 ± 0.0 
  0.60 ml 97 ± 0.9 0 ± 0.0 99 ± 0.3 0 ± 0.0 
Acephate 0.40 g 98 ± 1.2 97 ± 0.6 98 ± 0.2 98 ± 0.3 
 0.80 g 97 ± 2.3 97 ± 0.9 98 ± 0.6 98 ± 0.6 
Imidacloprid  0.15 ml 98 ± 0.5 0 ± 0.0 99 ± 0.8 0 ± 0.0 
  0.30 ml 98 ± 1.1 0 ± 0.0 98 ± 0.7 0 ± 0.0 
Spinosad  0.50 ml 99 ± 0.8 0 ± 0.0 97 ± 0.7 0 ± 0.0 

  1.00 ml 97 ± 0.9 0 ± 0.0 98 ± 0.2 0 ± 0.0 

a Percent germination was calculated from the mean of four replications after 18 h of incubation on 
potato dextrose agar at 25°C. Germination was assessed microscopically for a minimum of 200 
conidia per replication. 

b Data presented as means ± standard error. 
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produced compared with both the fungi-
cide and nontreated check. However, the 
plants that we sprayed twice per week with 
EO water showed some phytotoxicity, 
which included some wrinkling and brittle 
leaves. 

In the second greenhouse experiment 
where EO water and fungicides were 
sprayed in different sequences, data from 
the two trials were combined because there 
was no significant trial by treatment inter-
action (P = 0.60). Powdery mildew levels 
were estimated at 48% at the beginning of 
the experiment. The nontreated check 
plants had over 68% powdery mildew 
severity 2 weeks after the experiment was 
started, and in an effort to lower inoculum 
pressure, the nontreated check plants were 
sprayed with EO water. After 5 weeks of 
EO water, the powdery mildew severity 
was lowered to 44%. This treatment was 
removed from the final analysis for weeks 
4 through 7 and the AUDPC value. 
AUDPC values and powdery mildew lev-
els at week 7 in treatments with EO water 
alternating weekly with piperalin or tri-
adimefon were significantly lower than in 
treatments with EO water only or EO wa-
ter applied for 2 weeks between fungicide 
sprays (Fig. 2). EO water alternated with 
either fungicide did not affect the number 
of flowers produced compared with the 
fungicide and nontreated checks. There 
were more flowers produced in the piper-
alin treatment (2.9 flowers per pot) than in 

the treatment with EO water sprayed once 
per week (1.3 flowers per pot) and the 
nontreated check (1.8 flowers per pot). 

Although the nontreated checks were 
amended during each of these studies, the 
original sources of inoculum that were 
removed at the onset of each study re-
mained nontreated. These plants were 
maintained in another area of the green-
house under the same conditions, and all of 
the plants had average powdery mildew 
severity exceeding 80% by the end of both 
experiments (personal observation). 

Compatibility with pesticides. There 
was a significant trial by treatment interac-
tion (P < 0.01), so data from both trials are 
presented. Ninety-seven to 99% of the B. 
cinerea conidia germinated with dH2O 
treatments, and none of the conidia germi-
nated in EO water (Table 1). The isolate of 
B. cinerea was sensitive to fenhexamid and 
piperalin; all other pesticides did not affect 
germination when mixed with dH2O. Fen-
hexamid at both rates, thiophanate methyl 
at the full rate, and acephate at both rates 
were the only pesticides in which conidia 
germinated when mixed with EO water 
(Table 1).  

DISCUSSION 
Powdery mildew is a widely distributed 

and destructive disease of greenhouse-
grown ornamental plants. Fungicide-
resistant strains of the pathogens and 
worker safety are two major concerns for 

greenhouse growers and justify the need 
for alternative methods for disease control. 
Our evaluation of EO water as a potential 
alternative to fungicides clearly demon-
strated that EO water could control pow-
dery mildew on gerberas. 

Although proper management may delay 
or lower powdery mildew outbreaks, con-
trol is often achieved primarily by the use 
of fungicides. Development of fungicide-
resistant strains of powdery mildew patho-
gens has been reported on several crops 
(2,3,12,13,19). Inorganic salts such as 
sodium bicarbonate and phosphate and 
potassium salts have been used success-
fully in controlling powdery mildew on 
cucumber and rose (9,15,17,18). EO water 
significantly reduced lesion formation by 
B. cinerea on geranium leaf disks (4). How-
ever, prior to our study, no full-scale green-
house trials of EO water for powdery mil-
dew control had been conducted. In a 
previous report, EO water quickly killed a 
wide variety of fungal spores and hyphae in 
addition to several bacteria (4). This quick 
activity facilitates the use of EO water as a 
contact fungicide on aerial plant surfaces. 

Commercial greenhouse growers com-
monly apply pesticides once a week. Both 
a fungicide and an insecticide may be 
needed some weeks. EO water can be neu-
tralized by nonselective reducing agents 
(14) and high concentrations of surfactant 
(4). Our study looked at several different 
pesticides as well as the recommended rate 
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Fig. 1. Powdery mildew severity on greenhouse-grown gerberas treated with different dilutions and amounts of electrolyzed oxidizing water (EO water) 
and triadimefon for 7 weeks. Data points represent the mean values of two plants from four replications over two experiments. The LSD values(0.05) for 
percent powdery mildew severity for weeks 2 through 7 and the AUDPC value (numbers in parentheses in the legend) were 9.8, 8.2, 8.1, 6.1, 5.9, 5.5, and 
31, respectively. After week 4, the nontreated check was changed to EO water sprayed twice per week. 
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of the surfactant Triton X-100. The isolate 
of B. cinerea used was sensitive to fen-
hexamid but not sensitive to thiophanate 
methyl (unpublished data). At the full rate 
of fenhexamid, no conidia germinated; 
however, at the half rate, an average of 5.5 
and 4% of the conidia germinated in dis-
tilled and EO water, respectively. In the 
thiophanate methyl treatment, over 97% of 
the conidia germinated at the full rate with 
EO water; however, when using the half 
rate with EO water, none of the conidia 
germinated. One insecticide, acephate, 
neutralized EO water at both rates. From 
these data, it appears that both the amount 
of product as well as the chemistry of the 
product will determine if a particular pesti-
cide will be compatible with EO water. 
Fortunately, none of the other pesticides 
tested negatively affected the efficacy of 
EO water against B. cinerea conidia. This 
could allow growers to use EO water in an 
integrated system, complementing certain 
fungicides or insecticides currently used. 

EO water and other disinfectants have 
no systemic activity and ideally should be 
used as a preventative treatment. This is a 
problem if trying to effectively control 
powdery mildew. In both of our green-
house studies, powdery mildew initially 
was estimated at over 30%. The EO water 
treatment reduced powdery mildew, but on 
plants that received no systemic fungi-

cides, powdery mildew quickly reappeared 
(personal observation). To effectively 
control powdery mildew in the greenhouse, 
EO water may need to be applied prior to or 
shortly after the onset of the disease. An-
other option would be to spray multiple 
applications per week. However, the plants 
that we sprayed twice per week with EO 
water showed some phytotoxicity, which 
included some wrinkling and brittle leaves. 
We saw very little, if any, phytotoxicity on 
the plants sprayed once per week, especially 
when used in combination with fungicides. 

When used in an integrated system, EO 
water was successful in reducing powdery 
mildew. EO water was also effective when 
combined with most pesticides. These 
studies have demonstrated that EO water, 
when used in an integrated management 
system, may be used in the greenhouse to 
reduce fungicide use for control of pow-
dery mildew on gerbera daisy.  
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