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Powdery mildew caused by the fungus Erysiphe cichoracearum DC. or Podosphaera fusca (Fr.) S. Blumer is a com-
mon disease on gerbera daisies (Gerbera jamesonii Bolus ex. Hook f.) grown in Florida. This disease affects all parts of
the plant and reduced plant quality is the main component of economic loss. The effect of calcium silicate, potassium
silicate, and the biofungicide products Actigard (acibenzolar-S-methyl), K-phite (phosphorous acid), Milstop (potas-
sium bicarbonate), Tricon (boron, orange oil and organic surfactants), Cease (Bacillus subtilis) and AgSil (potassium
silicate) were evaluated in highly susceptible (‘Snow White’ and ‘Orange’) and moderately susceptible (‘Hot Pink’ and
‘Fuchsia’) gerbera cultivars. Results suggested that neither calcium silicate nor potassium silicate were effective in
suppressing powdery mildew in gerbera daisy. The biofungicides products Actigard, Agsil, Cease, K-phite, Milstop and
Tricon, suppressed powdery mildew of gerbera daisy compared with untreated plants; however, these products were
not as effective as the fungicide program of Heritage alternated with Eagle. Among the biofungicide products tested
K-phite, Millstop and Tricon were the most effective in reducing disease severity. Thus, biofungicide products may be

used as an alternative to reduce the use of fungicides for suppressing powdery mildew of gerbera daisy.

Gerbera daisy (Gerbera jamesonii Bolus ex. Hook f.) is an
ornamental plant grown as cut flowers, potted plants and for
landscape use (Tija and Black, 2003). In Florida, gerbera daisies
are mainly produced under greenhouse or shade house conditions
as potted and bedding plants. Gerbera is susceptible to a variety
of pests and diseases. Powdery mildew is major fungal disease in
gerbera (Figs. 1, 2) and can be caused by two species, Erysiphe
cichoracearum DC. and Podosphaera (Syn. Sphaerotheca) fusca
(Fr.) S. Blumer (Daughtrey et al., 1995). Environmental condi-
tions most conducive for powdery mildew development include
high relative humidity (80% to 90%) and moderate temperature
(20 to 28 °C) (Daughtrey et al., 1995); these conditions are com-
mon in Florida.

The two main methods for powdery mildew control are repeated
applications of fungicides and the use of resistant or tolerant
cultivars. Fungicides used in Florida for powdery mildew control
include chlorothalonil (Bravo), Mancozeb+ Thiophanate Methyl
(Duosan) and Propiconazole (Banner) (Larson and Nesheim,
2000). However, chemical control is not always completely effec-
tive since pathogens may develop resistance to some fungicides
(Gullino and Wardlow, 1999). In addition, consumer awareness
of the implications of harm to the environment and human health
through the use of pesticides has intensified the search for alterna-
tive methods of disease control (Gullino et al, 1999).

Biofungicides are naturally based microbial or biochemical
products derived from animals, bacteria, plants, or minerals. These
products can affect fungal organisms directly or may stimulate the
defense response of the plant. They are generally narrow-spectrum,
have low toxicity to non target organisms, decompose quickly,
and thus are considered to have low potential for negative impacts
on the environment (McGrath, 2004; EPA, 2007). Biofungicides
such as biological control agents (i.e., Bacillus subtilis), potas-
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sium bicarbonate, phosphorous acid, Tricon and oils, are labeled
for control of powdery mildew in ornamentals in Florida (Crop
Data Management Systems, 2007). However, information on the
effectiveness of these products in managing powdery mildew in
ornamentals, and more specifically on gerbera daisy, is limited.
Consequently, the objective of this study was to evaluate the ef-
ficacy of biofungicides for the management of powdery mildew
in gerbera daisy grown under greenhouse conditions in Florida.

Fig.1. Powdery mildew symptoms on gerbera leaves.
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Fig.2. Powdery mildew symptom on gerbera flower.

Materials and Methods

Experiments were conducted under greenhouse conditions
from Apr. to June 2007 at the University of Florida, Gulf Coast
Research and Education Center, Wimauma.

EFFECT OF BIOFUNGICIDES IN POWDERY MILDEW DEVELOPMENT
IN GERBERA PLANTS. The growing medium (CMA mix: peat moss
65%, perlite coarse 20%, A3 Coarse 15%, and rock 3%. Verlite
Company, Tampa, FL) plus OP (Osmocote Plus (15-9-12) con-
trolled release fertilizer (The Scott’s Company, Marysville, OH)
at 11g/pot, were combined using a concrete mixer (Gilson mixer
59015C, CF Gilco, Inc. Grafton, WI). Two highly susceptible
(‘Snow White’ and ‘Orange’) and two moderately susceptible
(‘HotPink’and ‘Fuchsia’) Sunburst series (Twyford International,
Apopka, FL) gerbera seedlings, were transplanted into 15-cm
diam. plastic pots previously filled with the growing medium on
11 Apr. 2007. Sulfur (52%) at the 6.2 mL/L rate (Micro Flo Com-
pany, Memphis, TN) was sprayed until runoff on the leaves of all
plants to eliminate any powdery mildew inoculum already present.
Seven days after transplant (DAT), gerbera plants were sprayed
with Actigard, Tricon, Milstop, K-Phite, AgSil (plus Tween20),
or Cease (plus Biotune) (Table 1). Heritage alternated with Eagle
was used as the standard control and untreated controls were

sprayed with water only. Pots were placed on greenhouse benches
and hand watered three times per week. Treatments and cultivars
were randomized and divided into two benches (96 plants per
bench). Treatments were applied weekly on the upper surface of
the leaves to runoff with a hand sprayer. Powdery mildew, caused
by Podosphaera (Sphaerotheca) fusca, developed on the plants
from natural inoculum 28 DAT. Disease evaluations were made
at seven day intervals beginning 9 Apr. (28 DAT) and ending 15
June (65 DAT) 2007. Disease severity was rated on a0 to 6 scale,
where 0= no powdery mildew symptoms, 1= 1 to 20%, 2= 21 to
40%, 3= 41 to 60%, 4= 61 to 80 %, 5= 81 to 99% and 6= 100%
of upper leaf surface covered with powdery mildew symptoms.
This experiment was conducted as a completely randomized
design with eight (8) treatments and four (4) cultivars. Disease
severity ratings were analyzed by week by analysis of variance
(ANOVA) with mean separation by Fisher’s Protected LSD (P <
0.05) (Statistix 8.1, Tallahassee, FL). Disease ratings were used
to calculate the area under disease progress curve (AUDPC)
for each treatment by the midpoint rule method (Campbell and
Madden, 1990) as follows:

AUDPC = Z[(y; + y,)/2](t,, — t;) where n = the number
of disease assessment times, y = disease severity, and t = time
duration of the epidemic. AUDPC values were transformed to
square roots to normalize variance and then subjected to analy-
sis of variance followed by Fisher’s Protected LSD (P < 0.05)
(Statistix 8.1, Tallahassee, FL) to separate means.

Results

Powdery mildew developed from natural inoculum. Disease
severity was assessed once a week for 6 weeks. There were sig-
nificant differences (P < 0.05) between treatments and cultivars.
The interaction between treatment and cultivar was significant
(P = 0.05). However, the F value for the interaction was low
(F=3.11), thus disease severity ratings of treatments and cultivars
were pooled for comparisons among treatments and cultivars
(Tables 2 and 3).

Until 40 DAT, the average relative humidity was below 80%
and temperature fluctuated from 72 to 76 °F (22 to 24 °C). At
about 44 (DAT), the relative humidity increased to above 80%
(Fig. 3). On 44 DAT, powdery mildew increased on all cultivars
and then it gradually progressed every week thereafter (Fig. 4).

The first symptoms were observed 28 DAT, but incidence was
very low and during the first two weeks of evaluations (28 to 37
DAT), disease was observed only on untreated plants and those
treated with Agsil and Actigard. Most of the plants at 44 DAT

Table 1. Source, rate, active ingredient, and manufacturer of biofungicides used to suppress powdery mildew in gerbera daisy.

Product name Rate/liter Active ingredient Manufacturer

Heritage 03¢g azoxystrobin 50% Syngenta, Greensboro, NC

Eagle 04¢g myclobutanil 40% Dow AgroSciences, Indianapolis, IN

Tricon 4 mL sodium tetraborohydrate decahydrate 0.99% Oro Agri, Inc., Trophy Club, TX

AgSil 21 + Tween 20 3mL+ 100 uLL  potassium silicate (12.65%K,0, 26.5%Si0, PQ Corporation, Valley Forge, PA
/polyoxyethylene (20) sorbitan monolaurate Fisher Scientific Inc.

K-phite 5mL mono- and dipotassium salts of phosphorous acid 53%  Plant Food Systems, Inc., Zellwood, FL.

Milstop 3g potassium bicarbonate 85% BioWorks, Inc., Fairport, NY

Actigard 01g acibenzolar-S-methyl 50% Syngenta, Greensboro, NC

Cease + Biotune 10mL+ 1.3 mL  Bacillus subtilis (QST 713) 1.34% + Adjuvant AgraQuest, Inc., Davis, CA
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Table 2. Effect of biofungicides and conventional fungicides on

powdery mildew severity in gerbera daisy.

Days after transplant=y

Treatment 28 37 44 51 58 65 AUDPCy-x
Control 0.1 ab 03a 0.8a 1.6a 3.1a 42 a 731a
Heritage alt. Eagle 00c 00c 0.0d O0.1le O.le 02e 1.21f
Tricon 00c 00c 0.1d 0.2 de 0.4 de 0.3 de 2.23e¢
Agsil + Tween 20 0.0 be 0.0 be 0.3b 0.7 bc 1.1b 1.7b 4.52b
K-phite 0.0c 0.0 be 0.1cd 0.4 dc 0.6 cd 0.6d 3.13 cd
Milstop 00c 00¢c 0.0d 0.3 de 0.3cde 0.6cd 2.58 de
Actigard 0.1a 0.1 ab 0.3 be 0.8b 14b 2.1b 487b
Cease + Biotune 0.0c 0.0c 0.1 bed 0.5cd 0.7 ¢ 1.0c 3.50 ¢

“PDisease severity rated on a 0 to 6 scale, where 0= no powdery mildew symptoms, 1= 1 to 20%, 2= 21 to 40%, 3= 41 to 60%,
4= 61 to 80 %, 5= 81 to 100% and 6= 100% of upper leaf surface covered with powdery mildew symptoms.
yMean separations in columns followed by the same letter are not significant according to Fisher’s protected LSD (P =

0.05).
*Area under disease progress curve (AUDPC) values.

Table 3. Effect of treatments on powdery mildew severity in gerbera cultivars treated with biofungicides and conventional

fungicides.
Days after transplant=y
Cultivar 28 37 44 51 58 65 AUDPCy-*
Snow white 0.1a 0.1a 03a 0.8a 12a 15a 412 a
Hot pink 00b 0.1 ab 03a 0.5 be 0.8b I.1b 3.58b
Fuchsia 00b 00b 0.1b 04c 0.6b 1.0b 296 ¢
Orange 0.0b 0.1 ab 0.2a 0.6 ab 12a 1.7a 401 a

“Disease severity rated on a 0 to 6 scale, where 0= no powdery mildew symptoms present, 1= 1 to 20%, 2= 21 to 40%, 3= 41
to 60%, 4= 61 to 80 %, 5= 81 to 100% and 6= 100% of upper leaf surface covered with powdery mildew symptoms.
yMean separations in columns follow by the same letter are not significantly according to Fisher’s protected LSD (P =

0.05).
*Area under disease progress curve (AUDPC) values.
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Fig.3. Daily average temperature and relative humidity in greenhouse from Apr.
to June 2007.

were infected except the plants that received the Heritage-Eagle
treatment. A week later, disease increased for all treatments includ-
ing the Heritage-Eagle-treated plants (Table 2). During the last
three weeks of the experiment (51 to 65 DAT), disease severity
increased gradually regardless of treatment or cultivar (Tables
2 and 3). By the end of the experiment, non-treated plants had a
disease severity of 4.2. Plants treated with Actigard and AgSil had
adisease severity of 2.1 and 1.7, respectively. Cease-treated plants
had adisease severity of 1.0 whereas less than 0.6 was observed on
plants treated with Heritage-Eagle, K-phite, Milstop, and Tricon
(Table 2). As indicated by the AUDPC values, all treatments were

Proc. Fla. State Hort. Soc. 121: 2008.

7.57 --+— Snow white
2 s~ Hot pink
g —— Fuchsia
> 5.0
® —=—Orange
@
0
3
& 2.5
a

0.0 T T 1

0 10 20 70

Days after transplanting

Fig. 4. Disease progression of powdery mildew for the gerbera cultivars used in
the biofungicide experiment.

significantly different from untreated control. However, none of
the biofungicide treatments were as effective as the commercial
fungicides. Nevertheless, K-phite, Milstop, Tricon, and Cease
reduced disease severity from 0.3 to 1.0, approximately between
76 to 93%, compared with untreated plants (Table 2).

Regardless of treatment, cultivars Snow White and Orange
were the most susceptible to powdery mildew throughout the
experiment. Cultivars Hot Pink and Fuchsia were not significantly
different from each other when evaluated on a weekly basis.
However, the AUDPC values showed that Fuchsia was the least
susceptible among all cultivars tested (Table 3).
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Fig. 5. Area under disease progress curve (AUDPC) values for severity of powdery mildew in gerbera daisy treated with biofungicides and conventional fungicides.
Bars with the same letter in each cultivar do not differ significantly according to Fisher’s protected LSD (P < 0.05).

Heritage alternated with Eagle significantly reduced disease
severity on all cultivars when compared with untreated control
(Fig. 5). For the cultivar Fuchsia, Milstop and Tricon significantly
reduced powdery mildew severity to a level equivalent to that
of commercial fungicides. Moreover, Tricon was as effective
as the standard fungicides in reducing disease severity in more
susceptible cultivars such as Hot Pink and Orange (Fig. 5). K-
phite and Milstop were the only biofungicide products capable
of reducing powdery mildew on the most susceptible cultivar,
Snow White. Moreover, K-phite was as effective as the rotation
of fungicide Heritage and Eagle.

Discussion

Disease symptoms appeared almost a month after transplant
and the powdery mildew epidemic developed slowly thereafter.
During the first six weeks of the experiment, the relative humid-
ity was below 80% and since powdery mildew develops best at
a high humidity (80% to 90%) (Daughtrey et al., 1995), the low
relative humidity was probably a constraint to a faster epidemic
development. This adverse microclimatic condition (low humidity)
was probably useful for the plant cells that were already infected
by the powdery mildew fungi in that they reduced the speed of
infection process giving the plant more time to transport material
to the infection site and stop penetration by formation of papillae
(Aust and Hoyningen-Huene, 1986).

The biofungicides products Actigard, Agsil, K-phite, Milstop,
Tricon, and Cease suppressed powdery mildew of gerbera daisy
compared with untreated plants under greenhouse conditions in
Florida. However, these products were not as effective as the
fungicide program of Heritage alternated with Eagle.
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Among all biofungicides, Actigard and Agsil were the least
effective treatments. Cease provided moderate disease control and
K-phite, Millstop and Tricon were the most effective in reducing
powdery mildew severity. Moreover, for the cultivar Fuchsia,
Milstop and Tricon were as effective as the fungicide program.
For the most susceptible cultivar, Snow White, K-phite and
Milstop were the only biofungicide products capable of reducing
powdery mildew severity.

Actigard did not provide satisfactory control of powdery mil-
dew in gerbera daisy when compared to the other biofungicide
treatments. Similarly, Babadoost (2002) reported that Actigard
did not provide a satisfactory level of powdery mildew control
in pumpkin. In addition; this material was ineffective when used
against powdery mildew of cucumber, suggesting that it failed to
enhance plant defense responses (Wurms et al., 1999). However,
when Actigard was used in muskmelon, it provided moderate
powdery mildew control when compared to other treatments
(Matheron and Porchas,2003). When used in cabbage and lettuce,
Actigard was effective in controlling powdery mildew (Matheron
and Porchas, 2004; Miller and Hernandez, 2001). Thus, these re-
sults are in agreement with those of Oostendorp et al. (2001) and
Gorlach et al. (1996) who suggested that the crop may determine
the activation of resistance. Consequently, Actigard may notelicit
a strong defense response in gerbera plants.

Powdery mildew severity on gerbera daisy treated with AgSil
was significantly different than untreated plants, although the level
of disease reduction obtained was low when compared with other
biofungicide treatments. However, potassium silicate has been
demonstrated to be effective in suppressing powdery mildew in
other crops (Belanger et al., 2003; Bowen et al., 1992; Ghanmi et
al., 2004; Kanto et al., 2006; Menzies et al., 1992). Furthermore,
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potassium silicate was effective in suppressing powdery mildew
on the highly susceptible strawberry cultivar Toyonoka, in soil as
well as in hydroponic cultivation (Kanto et al., 2004, 2006).

Inaprevious experiment (Moyer et al., 2008) drench treatment
with potassium silicate was ineffective but plants were exposed
for only 32 d. In the present experiment, plants were exposed
for 56 d and foliar treatment with potassium silicate still did not
provide the disease reduction reported for other crops (Belanger
et al., 2003; Bowen et al., 1992; Ghanmi et al., 2004; Kanto et
al., 2006; Menzies et al., 1992).

Given that Bowen et al. (1992), Kanto et al. (2007) and
Menzies et al. (1992) in their in vitro assays demonstrated that
conidial germination and germ tube elongation of powdery mil-
dew fungi was unaffected by potassium silicate, suppression of
powdery mildew by potassium silicate may be due to its ability
to induce systemic acquired resistance. Subsequently, the lack
of effective response of AgSil might be in agreement with the
lack of response of Actigard and ultimately, the plant species
may determine the activation of resistance (Gorlach et al., 1996;
Oostendorp et al., 2001).

In a previous study (Sconyers and Hausbeck, 2004), Cease
failed to control powdery mildew of gerbera and a high level of
disease severity was observed when compared to other treatments.
However, Bacillus spp. provided 80% reduction in powdery
mildew severity of cucumber, caused by P. fusca, as determined
by in vitro studies on detached leaves and seedlings (Romero et
al., 2004). In this study, gerbera plants treated with Cease had
significantly lower disease severity than untreated plants; how-
ever, the effect was moderate compared to other biofungicide
treatments. This is in agreement with Utkhede and Koch (2006)
who showed that Bacillus subtilis (Quadra 137), significantly
reduced powdery mildew severity in cucumber when compared
with untreated plants although other non chemical products tested
provided better results than B. subtilis. The efficacy of biological
control varies with the level of relative humidity prevalent in the
greenhouse (Belanger et al., 1994). However, Bacillus strains
are resistant to adverse environmental conditions, such as low
humidity (Shoda, 2000). Regardless, in our study, Biotune was
added to Bacillus subtilis to enhance its efficacy and reduce the
dependency of high humidity. Therefore, the moderate response
of Cease for control of powdery mildew of gerberas may be due
to causes other than low humidity in the greenhouse.

In this study, K-phite was effective in reducing powdery
mildew of gerbera compared with untreated plants and other
biofungicide products. However, it did not provide the same level
of control as the commercial fungicides. Similar results were
reported previously by Mueller et al. (2003a), who showed that
phosphorous acid applied as Biophos was effective for control of
powdery mildew of gerbera daisy as was Fosphite for powdery
mildew on muskmelon (Matheron and Porchas, 2005). Schilder
et al. (2003) reported that ProPhyt reduced powdery mildew in-
cidence and severity on grapes as much as the fungicide program
(Dithane/Abound/Ziram). Our results did not correspond with
those of Schilder et al. (2003) in that K-phite was not as effec-
tive as the commercial fungicide products for powdery mildew
control. Consequently, the fungicide program used in their study
was not as effective as the one used in this study or phosphite
products acted differently for each pathosystem.

Our study demonstrated that potassium bicarbonate formulated
as Milstop reduced powdery mildew levels in gerbera daisy and,
for cultivar Fuchsia, the level of disease reduction was comparable
to that of the systemic fungicides. Sconyers and Hausbeck (2004)
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showed that gerbera plants ‘Jaguar Mix’ treated with Milstop had
low levels of infection similar to those found in plants treated with
Heritage and Eagle. Furthermore, Uchida and Kadooka (2001)
showed that Kaligreen reduced levels of powdery mildew to less
than 5% in gerbera plants grown in Hawaii. Potassium bicarbonate
products have also been successful in reducing powdery mildew on
other crops such as cucumber, muskmelon, pumpkin, roses, sweet
peppers, tomato and winter squash (Dik et al., 2003; Matheron
and Porchas, 2003; McGrath and Shishko, 1999).

Among the biofungicide products evaluated for gerbera pow-
dery mildew, Tricon was the most effective. Moreover, the level
of disease reduction for cultivars Fuchsia, Hot Pink, and Orange
was comparative to that achieved with the systemic fungicides.
Tricon was previously reported to provide effective control of
powdery mildew of strawberries (Mertely et al., 2005). Based on
itscomponents (boron; 0.99%, orange oil and organic surfactants;
99.01%), it is possible the oil ingredient in Tricon breaks down
fungal mycelia and spores and exposes them to desiccation and
thus prevents further infection. Oil has been used to control
diseases for many years (Calpouzos, 1966) and it has been ef-
fective in reducing powdery mildew of apple, cherry, cucurbits,
grapes, and roses. The level of disease reduction ranged from
highly effective (McGrath and Shishkoff, 1999, 2000; Pasini et
al., 1997) to slightly satisfactory (Fernandez et al., 2006; Grove
etal.,2005). In some cases, the efficacy of oils to reduce powdery
mildew, compared to the levels obtained with standard fungicides
(Northover and Schneider, 1996), were even superior (Grove et
al., 2000; Wojdyla, 2002).

All cultivars performed as expected; ‘Snow White’ and ‘Or-
ange’ were the most susceptible and ‘Fuchsia’ and ‘Hot Pink’
were less susceptible.

Our study is the first evaluation of several biofungicide
products for the control of powdery mildew of gerberas under
greenhouse conditions in Florida. In addition, this is the first
study demonstrating that Tricon significantly reduced powdery
mildew severity in gerbera daisy. Alternative products such as
Cease, Milstop, Kaligreen, Biophos and electrolyzed oxidizing
water were previously reported for control of powdery mildew of
gerberas in other states including Georgia, Hawaii, and Michigan
(Mueller et al., 2003a, 2003b; Sconyers and Hausbeck, 2004;
Uchida and Kadooka, 2001).

In conclusion, the biofungicide products tested when applied
priortodisease infection may reduce powdery mildew significantly
compared to no treatment. As a consequence, these products can
be used as part of an integrated disease management program as
an alternative to reduce the use of standard fungicides for the
control of powdery mildew in gerbera daisy.

Literature Cited

Babadoost, M. 2002. Control of pumpkin powdery mildew with fungi-
cides. Amer. Phytopathol. Soc., St. Paul, MN. 58:VO11.

Belanger, R.R., N. Benhamou, and J.G. Menzies. 2003. Cytological evi-
dence of an active role of silicon in wheatresistance to powdery mildew
(Blumeria graminis f. sp. tritici). Phytopathology 93(4):402—-412.

Belanger, R.R., C. Labbe, and W.R. Jarvis. 1994. Commercial-scale
control of rose powdery mildew with a fungal antagonist. Plant Dis.
78(4):420-424.

Bowen, P., J. Menzies, D. Ehret, L. Samuels, and A.D.M. Glass. 1992.
Soluble silicon sprays inhibit powdery mildew development on grape
leaves. J. Amer. Soc. Hort. Sci. 117(6):906-912.

Calpouzos, L. 1966. Action of oil in the control of plant disease. Annu.
Rev. Phytopathol. 4(1):369-386.

393



Campbell, C.L. and L.V. Madden. 1990. Introduction to plant disease
epidemiology. Wiley, New York.

Crop Data Management Systems, Inc. 2007. Label summary search.
Crop Data Management Systems, Inc., Marysville, CA.10 Mar. 2007.
<http:/www.cdms.net/>.

Daughtrey, M., R.L. Wick, and J.L. Peterson. 1995. Compendium of
flowering potted plant diseases. APS Press, St. Paul, MN.

Dik A.J., D.J. Van der Gaag, and M.A Slooten. 2003. Efficacy of salts
against fungal diseases in glasshouse crops. Commun. in Agr. and
Appl. Biolog. Sci. 68(4b):475-485.

EPA. 2007. What are biopesticides? U.S. Environmental Protection
Agency. 10 Apr. 2007. <http://www.epa.gov/pesticides/biopesticides/
whatarebiopesticides.htm>.

Fernandez, D.E., E.H. Beers, J.F. Brunner, M.D. Doerr, and J.E. Dun-
ley. 2006. Horticultural mineral oil applications for apple powdery
mildew and codling moth, Cydia pomonella (L.). Crop Protection
25(6):585-591.

Ghanmi, D., D.J. McNally, N. Benhamou, J.G. Menzies, and R.R Be-
langer. 2004. Powdery mildew of Arabidopsis thaliana: A pathosystem
for exploring the role of silicon in plant—microbe interactions. Physiol.
Mol. Plant Pathol. 64(4):189-199.

Gorlach, J., S. Volrath, G. Knauf-Beiter, G. Hengy, U. Beckhove, K.H.
Kogel, M. Oostendorp, T. Staub, E. Ward, and H. Kessmann. 1996.
Benzothiadiazole, a novel class of inducers of systemic acquired
resistance, activates gene expression and disease resistance in wheat.
Plant Cell 8(4):629-643.

Grove, G.G., J. Lunden, and S. Spayd. 2005. Use of petroleum derived
spray oils in Washington grapevine powdery mildew management
programs. Plant Health Progress. 10 Mar. 2007. <http://www.plant-
managementnetwork.org/sub/php/research/2005/oils/>.

Grove,G.G., R.J. Boal, and L.H. Bennett. 2000. Managing powdery
mildew of cherry in Washington orchards and nurseries with spray
oils. Online. Plant Health Progress. 10 Mar. 2007. <http://www.plant-
managementnetwork.org/pub/php/research/sprayoil/>.

GullinoM.L.,R. Albajes, and J.C. van Lenteren. 1999. Setting the stage:
Characteristics of protected cultivation and tools for sustainable crop
protection, p. 1-13.In: R. Albajes, M.L. Gullino, J.C. van Lenteren, and
Y. Elad (eds.). Integrated pest and disease management in greenhouse
crops. Kluwer, The Netherlands.

Gullino, M.L. and L.R. Wardlow. 1999. Ornamentals, p. 486-504. In:
R. Albajes, M.L. Gullino, J.C. van Lenteren, and Y. Elad (eds.). In-
tegrated pest and disease management in greenhouse crops. Kluwer,
The Netherlands.

Kanto T., A. Miyoshi, T. Ogawa, K. Maekawa, and M. Aino. 2004. Sup-
pressive effect of potassium silicate on powdery mildew of strawberry
in hydroponics. J. Gen. Plant Pathol. 70:207-211.

Kanto T., A. Miyoshi, T. Ogawa, K. Maekawa, and M. Aino. 2006.
Suppressive effect of liquid potassium silicate on powdery mildew of
strawberry in soil. J. Gen. Plant Pathol. 72:137-142.

Kanto,T.,M. Kazumasa, and A. Masataka. 2007. Suppression of conidial
germination and appressoria formation by silicate treatment in powdery
mildew of strawberry. J. Gen. Plant Pathol. 73(1):1-7.

Larson B.C. and O.N. Nesheim. 2000. Florida crop/pest management
profiles: Ornamentals. Food Sci. and Human Nutr. Dept., Florida
Coop. Ext. Serv., Inst. of Food and Agr. Sci., University of Florida.,
Gainesville.

Matheron, M.E. and M. Porchas. 2003. Comparative efficacy of fungi-
cides for control of powdery mildew on muskmelon, 2003. APS Press,
St. Paul, MN. 59:V091.

Matheron M.E. and M. Porchas. 2004. Performance of fungicides for
management of powdery mildew on lettuce, 2004. APS Press, St.
Paul, MN. 60:V034.

Matheron, M.E. and M. Porchas. 2005. Efficacy of fungicides for
management of powdery mildew on muskmelon, 2005. APS Press,
St. Paul, MN. 61:V115.

McGrath, M.T. 2004. What are fungicides? The plant health instructor.

394

APS Press, St. Paul, MN. 10 June 2006. <http://www.apsnet.org/educa-
tion/IntroPlantPath/Topics/fungicides/default.htm>.

McGrath, M.T. and N. Shishkoff. 1999. Evaluation of biocompatible
products for managing cucurbit powdery mildew. Crop Protection
18(7):471-478.

McGrath, M.T. and N. Shishkoff. 2000. Control of cucurbit powdery
mildew with JMS stylet-oil. Plant Dis. 84(9):989-993.

Mengel, K. and E.A. Kirkby. 1987. Principles of plant nutrition. 4th ed.
Intl. Potash Inst., Bern, Switzerland.

Mengzies, J., P. Bowen, D. Ehret, and D.M. Glass. 1992. Foliar appli-
cation of potassium silicate reduce severity of powdery mildew on
cucumber, muskmelon, and zucchini squash. J. Amer. Soc. Hort. Sci.
117(6):902-905.

Mertely J., T. Seijo, C. Torres, and N.A. Peres. 2005. Evaluation of
fungicides to control powdery mildew on annual strawberry, 2004-05.
APS Press, St. Paul, MN. 61:SMF009.

Miller M.E. and R.A. Hernandez. 2001. Evaluation of fungicides for
powdery mildew control in cabbage, 2001. APS Press, St. Paul, MN.
57:V015.

Moyer, C., N.A. Peres, L.E. Datnoff, E.H. Simonne, and Z. Deng. 2008.
Evaluation of silicon for managing powdery mildew on gerbera daisy.
J. Plant Nutr. 31(12):1-14.

Mueller D.S., A.D. Martinez-Espinoza, and J.W. Buck. 2003a. Evalu-
ation of fungicides and biophos for management of powdery mildew
on gerbera daisy, 2003. APS Press, St. Paul, MN. 59:0T033.

Mueller,D.S.,Y.-C. Hung,R.D. Oetting, M.W. van Iersel, and J.W. Buck.
2003b. Evaluation of electrolyzed oxidizing water for management of
powdery mildew on gerbera daisy. Plant Dis. 87:965-969.

Northover, J. and K.E. Schneider. 1996. Physical modes of action of
petroleum and plant oils on powdery and downy mildews of grapevines.
Plant Dis. 80(5):544-550.

Oostendorp, M., W.Kunz, B. Dietrich, and T. Staub. 2001. Induced disease
resistance in plants by chemicals. Eur. J. Plant Pathol. 107(1):19-28.

Pasini, C., F. D’Aquila, P. Curir, and M.L Gullino. 1997. Effectiveness
of antifungal compounds against rose powdery mildew (Sphaerotheca
pannosa var. rosae) in glasshouses. Crop Protection 16(3):251-256.

Romero, D., A. Perez-Garcia, M.E. Rivera, FM. Cazorla, and A.D.
Vicente. 2004. Isolation and evaluation of antagonistic bacteria to-
wards the cucurbit powdery mildew fungus Podosphaera fusca. Appl.
Microbiol. Biotechnol. 64(2):263-269.

Schilder A.M.C., .M. Gillett, and R.W. Sysak. 2003. Evaluation of
fungicides for control of Phomopsis and powdery mildew of grapes,
2003. APS, St. Paul, MN. 59:SMF025.

Sconyers L.E. and M.K. Hausbeck. 2004. Evaluation of biological and
biorational products in managing powdery mildew of African daisy,
2004. APS, St. Paul, MN. 60:0T001.

Shoda, M. 2000. Bacterial control of plant diseases. J. Bioscience and
Bioengineering 89(6):515-521.

Tjia B. and R.J. Black. 2003. Gerberas for Florida. Florida Coop. Ext.
Serv., Inst. Food and Agr. Sci., University of Florida, Gainesville.

Uchida, J.Y and C.Y. Kadooka. 2001. Control of powdery mildew on
gerbera in Hawaii. Joint Mtg. of Amer. Phytopathol. Soc., Mycol. Soc.
of Amer., and Soc. of Nematologists., Salt Lake City, Utah, 25-29
Aug. 2001.

Utkhede, R.S. and C.A. Koch. 2006. Reduction of powdery mildew
caused by Podosphaera xanthii on greenhouse cucumber plants by
foliar sprays of various biological and chemical agents. HortScience
81:23-26.

Wojdyla, A.T. 2002. Oils activity in the control of rose powdery mildew.
Mededelingen Faculteit Landbouwkundige en Toegepaste Biologische
Wetenschappen Universiteit Gent 67(2):369-376.

Wurms, K., C. Labbe, N. Benhamou, and R.R Belanger. 1999. Effects of
milsana and benzothiadiazole on the ultrastructure of powdery mildew
haustoria on cucumber. Phytopathology 89(9):728-736.

Proc. Fla. State Hort. Soc. 121: 2008.



