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Abstract. The use of biorational products offers an alternative to the conventional
chemical fungicide approach to manage botrytis blight caused by Botrytis cinerea. Bi-
orationals are a broad category of products that include biological control agents
(BCAs), biologically derived products, compounds that induce natural plant disease
resistance mechanisms, and mineral elements. We evaluated 15 biorational products
and two chemical fungicides on detached petunia (Petunia Xhybrida) and rose (Rosa
X hybrida) flowers inoculated with B. cinerea spores following treatments. The two
chemical fungicides, Miravis Prime and Captan, were evaluated as commercial con-
trol. In the first experiment, five products showed a reduction in disease severity in
petunia flowers (reduction percentages shown in parentheses are relative to the inocu-
lated control): Zivion, a formulation of natamycin, a natural fermentation product of
Streptomyces natalensis (66%); ON-Gard Calcium, a calcium chloride product deliv-
ered in soy protein (79%); Howler, a formulation of Pseudomonas chlororaphis strain
AFS009 (51%); Affirm, a polyoxin D zinc salt (36%); and Regalia, an extract from gi-
ant knotweed (Reynoutria sachalinensis) (36%). In the second experiment, the five ef-
fective products were applied to petunia flowers individually and in combinations.
The combination of Zivion + Howler and ON-Gard Calcium + Howler reduced dis-
ease severity by 77% and 79%, respectively, compared with the inoculated control,
whereas ON-Gard Calcium + Zivion showed a 91% reduction in disease severity. In
the third experiment, the same 15 biorational products from the first experiment
were applied as a dip application on rose flowers. Applications were made 1 or 8 days
before inoculation with B. cinerea spores. When biorational products were applied 1
day before inoculation, Affirm, ON-Gard Calcium, Actigard (acibenzolar-S-methyl,
an inducer of systemic-acquired resistance, and Zivion showed a reduction in disease
severity of 63%, 33%, 23%, and 18%, respectively. When the biorational products
were applied 8 days before inoculation, Actigard, Affirm, and ON-Gard Calcium
showed a reduction in botrytis severity by 16%, 54%, and 31%, respectively. In the
fourth experiment, the four most effective products were evaluated as single and com-
bination applications on rose flowers. The combinations of Actigard + ON-Gard Cal-
cium, ON-Gard Calcium + Zivion, and Actigard + Zivion reduced botrytis blight by
66%, 62%, and 53%, respectively, whereas Actigard + Affirm, ON-Gard Calcium +
Affirm, and Zivion + Affirm reduced disease severity by 85%, 77%, and 76%, respec-
tively. This work demonstrates that tank mixes of biorational products, which provide
different modes of action, can have comparable efficacy to chemical fungicides for
controlling botrytis blight in petunia and rose flowers.

early stages of crop development and remain
latent until the environment is conducive for

Botrytis cinerea is the causal agent of bo-
trytis blight (gray mold) of ornamental, nurs-

ery, vegetable, field, and fruit crops (Dik and
Wubben 2007). The pathogen is ubiquitous
and can be spread in greenhouses through the
air. B. cinerea can remain as conidia, myce-
lia, or sclerotia for long periods of time on
living or decaying tissue (Williamson et al.
2007). It can infect plant tissue during the
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fungal growth. The optimal conditions for
fungal development are temperatures between
15 and 25 °C and relative humidity >93%. The
disease can affect the whole plant, but flower
petals are often the most susceptible tissue
(Munoz et al. 2019). Symptoms start as necrotic
spots that, provided the proper environment
(Pikovskyi et al. 2018), expand over time and
often render plants unsellable.

Growers employ integrated management
approaches involving cultural practices, bio-
rational products, and chemical management
to control disease. The use of chemical fungi-
cides is one of the primary and often most
effective strategies for the management of
botrytis blight in greenhouse production and

postharvest of the crops; however, the persistent
use of active ingredients with similar modes of
action, especially single-site fungicides, can
lead to pathogen resistance (Fillinger and
Elad 2016; Hahn 2014). In addition, con-
cerns about pesticide applicator health, envi-
ronmental safety, and chemical pesticide
residues remaining on the crops make this
management option less desirable, attracting
attention to an increased use of biorational
pesticides as part of an integrated manage-
ment approach (Damalas and Eleftherohorinos
2011).

Biorationals, also called “third-generation
pesticides” (Kapoor 2020), are believed to
have minimal to no effects on the environ-
ment and encompass biological control agents
(BCAs), botanical extracts, microorganism-
derived compounds, plant nutrients, and
systemic-acquired resistance (SAR) inducers
(Copping and Menn 2000; Paulitz and Belanger
2001). BCAs consist of living organisms
such as bacteria, fungi, or nematodes that can
kill or suppress plant pathogens (Adriaens
et al. 2007; Usta 2013). Botanical extracts
consist of plant by-products that possess anti-
microbial activity with different modes of ac-
tion that include reduction of cell growth,
inhibition of biofilm, and disruption of the
cell wall of the pathogen (Nazzaro et al.
2017). Several studies have shown that essen-
tial oils such as thyme (Thymus vulgaris) may
trigger host defense when applied against
B. cinerea in apple (Malus xdomestica ‘Red
Fuji’) fruit (Banani et al. 2018), whereas the ex-
tract of giant knotweed exhibited an antifungal
effect on B. cinerea when used on tomato (Sola-
num lycopersicum) and pepper (Capsicum ann-
uum) (Schmitt et al. 1996; Wurms et al. 2021).
Microorganism-derived compounds are bio-
fungicides obtained as a natural product of
the fermentation of microorganisms such as
Streptomyces (Copping and Menn 2000). For
example, polyoxin D is a bacteria-derived
product with documented effectiveness against
botrytis blight in flowering plants such as cut-
flower rose (Elad 1988) and geranium (Pelar-
gonium X hortorum) (Webster 2005), and na-
tamycin is a bacteria-derived compound
commonly used as a food preservative that has
been effective against botrytis blight on blue-
berries (Vaccinium corymbosum) (Saito et al.
2022) and strawberries (Fragaria X ananassa)
(Zhang et al. 2025).

Plant nutrients, such as calcium, help by
improving cell wall strength, making the
plant more resistant to fungal penetration
(Gislered 1997). The cell wall acts as a first
layer of defense against pathogen attack (Shi
et al. 2019). SAR inducers consist of plant
metabolites, chemical compounds, or patho-
gens that trigger a defense response in the
plant (Achuo et al. 2004; Kessmann et al.
1994), such as salicylic acid or acibenzolar-
S-methyl, a compound that mimics the sali-
cylic acid metabolic pathway (Oostendorp
et al. 2001). The diversity in the modes of ac-
tion of the different biorational products high-
lights their potential to be incorporated as
part of an integrated disease management
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program; specific host-pathogen-biorational
interactions are needed.

B. cinerea plays an important role in the
floriculture industry as a major threat from
propagation to the postharvest environment.
Fungicide applications have been the stan-
dard approach for growers to manage this dis-
ease but concerns about pesticide risk and an
increase in fungicide resistance create the ne-
cessity to explore alternative products for the
management of botrytis blight. Biorational
products have shown potential in controlling
fungal pathogens; therefore, the first objective
of this study was to individually evaluate 15
biorational products to manage B. cinerea in
petunia and rose flowers, and the second ob-
jective was to evaluate the most effective
products applied in combination.

Materials and Methods

Four replicated experiments were con-
ducted to evaluate the effect of biorational
products on B. cinerea infection using de-
tached petunia (Petunia xhybrida) and rose
(Rosa xhybrida) flowers as model crops. In
Expt. 1, the effect of spray application of 15
biorational products was evaluated on de-
tached petunia flowers that were inoculated
with B. cinerea 1 d after treatment. In Expt.
2, combinations of the best performing prod-
ucts from Expt. 1 were evaluated on detached
petunia flowers. In Expt. 3, the effect of dip
application of 15 biorational products was
evaluated on rose flowers where the applica-
tion occurred 1 d (Expt. 3A) or 8 d (Expt. 3B)
before inoculation with B. cinerea spores. In
Expt. 4, combinations of the best performing
products from Expt. 3A were evaluated on
rose flowers.

B. cinerea culture maintenance and prepa-
ration of spore suspension. Two B. cinerea
isolates were used for the experiments:
PDRK3 (Bennett et al. 2020) was used for pe-
tunia inoculation, and S4GBR40O (Munoz
et al. 2019) was used for rose inoculation.
For each isolate, one 5-mm-diameter potato
dextrose agar (PDA; Difco Laboratories, Sparks,
MD, USA) plug with actively growing myce-
lium was transferred to a petri dish with PDA

medium and incubated in the dark for 8 to 10 d
until sporulation occurred. Spores were har-
vested with sterile deionized water and adjusted
to final concentrations of 1 x 10* spores/mL for
petunia and 1 x 10° spores/mL for rose using a
hemocytometer (Bright-Line 3110; Hausser Sci-
entific, Horsham, PA, USA).

Biorational products and fungicide controls.
Fifteen biorational products were evaluated
using the middle of the label-recommended
concentration range (Table 1). Two chemical
fungicide products provided controls. Noni-
noculated and inoculated untreated controls
were also included with each experiment.

Expt. 1. Evaluation of biorational products
applied to detached petunia flowers. Petunia
‘Dreams Burgundy Picotee’ plugs were re-
ceived from a commercial supplier (Ball Ta-
gawa Growers, Arroyo Grande, CA, USA)
and transplanted into 1.4 L pots (one plug per
container) filled with a peat-based growing
medium (Fafard 3B; Sun Gro, Anderson, SC,
USA). Eighty petunia plants were grown in a
glass greenhouse (Clemson University, Clemson,
SC, USA) with a computer-controlled envi-
ronment system (Argus Control Environmen-
tal Systems, White Rock, Canada). Plants were
fertigated with a 250 ppm N solution using
15N-5P,05-15K,0 (Peters Excel Cal-Mag
Special, Dublin, OH, USA). All open flowers
were removed the day before the experiment
began to allow the harvest of newly opened
flowers for the experiment.

A total of 180 flowers were harvested and
immediately placed into 35-cm length X
20-cm width x 0.22-cm height trays. Thirty
flowers were placed per tray with 1 L of water
to keep the flowers hydrated. Sets of 10 flowers
were taken from the trays, and the biorational
products were sprayed to surface saturation
without runoff with ~1 mL/flower on the
open, upper side of the petals with using a
fine-mist sprayer (118.3 mL clear polyethyl-
ene terephthalate plastic bottle; The Cary Com-
pany, Addison, IL, USA) and allowed to dry.
After 24 h, the flowers were inoculated with a
spore suspension (1 x 10* spores/mL) by
spraying 1 mL using a 118.3 mL clear poly-
ethylene terephthalate plastic bottle. Flowers
were placed in 304 cm long x 20.7 cm wide X

Table 1. Products evaluated in this study, active ingredients, and application rates.

16.8 cm tall plastic storage containers (HMS
Mfg. Co., Troy, MI, USA). A total of 32 plas-
tic storage containers were used for this experi-
ment. Each container possessed six flowers
each having received a different spray treat-
ment. A polystyrene sheet was placed inside
each container and possessed six 10-mm diam-
eter holes in which one flower was placed per
hole. Water (600 mL) was placed at the bottom
of each container to hydrate the flowers and to
humidify the boxes once the lids were closed.
Flowers were arranged in the containers using
a completely randomized design to ensure
equal conditions between the treatments. Flow-
ers were incubated in the containers for 72 h.
After inoculation, plants remained at 96% to
100% relative humidity until disease assessment.
Humidity was measured with a psychrometer
(RH300; Extech Instruments, Nashua, NH,
USA). Ten flowers were used per treatment.
Disease progression data were collected at
72 h after inoculation. Each flower was rated
from 0 to § based on a botrytis severity scale
where 0 = no infection, 1 = 1% to 2%; 2 =
3% to 5%; 3 = 6% to 10%; 4 = 11% to
25%; 5 = 26% to 50%; 6 = 51% to 75%;
7 = 76% to 99% of the flower petal was af-
fected with necrotic spots, and 8 = entire
flower petal is infected with botrytis blight.
This experiment was performed three times.
Expt. 2. Evaluation of biorational product
combinations applied to detached petunia
flowers. Seventy petunia ‘Dreams Burgundy
Picotee’ plugs (PanAmerican Seed Co., Chi-
cago, IL, USA) were transplanted into 1.4 L
pots (one plug per container) using the same
procedures as Expt. 1. The three most effective
biorational products from Expt. 1. Howler, ON-
Gard Calcium, Zivion (Fig. 1), and their combi-
nations were evaluated and consider for accom-
plish this experiment. Two chemical fungicides
were used as control groups: Miravis Prime and
Captan 50 WP. Noninoculated and inoculated
untreated controls were also used. Ten petunia
flowers per treatment were evaluated and a total
of 100 flowers were harvested, and the pedicel
was immediately placed into one of the 17 plas-
tic storage containers containing water. Treat-
ment application, inoculation, incubation, and

Product Active ingredient Application rate Manufacturer

Actigard 50WG Acibenzolar-S-methyl 0.04 g/L Syngenta Crop Protection, Greensboro, NC, USA
Affirm WDG Polyoxin D zinc salts 0.5 g/L Cleary Chemicals, Alsip, IL, USA

Botector Aureobasidium pullulans 0.75 g/L Westbridge Agricultural Products, Vista, CA, USA
BotryStop WP Ulocladium oudemansii 3.6 g/lL Bioworks Inc. Victor, NY, USA

Cease Bacillus subtilis strain QST 713 10 mL/L Bioworks Inc., Victor, NY, USA

Howler Pseudomonas chlororaphis strain AFS009 6.23 g/L Agbiome Inc., Research Triangle Park, NC, USA
ON-Gard Calcium Calcium 20 mL/L Bioworks Inc., Victor, NY, USA

Potassium silicate Silicon 394 uL/L Pfaltz & Bauer Inc., Waterbury, CT, USA
PureCrop 1 Soybean oil and corn oil 15.6 mL/L West Coast AG Products, Ukiah, CA, USA
Regalia CG Reynoutria sachalinensis 6.34 mL/L Marrone Bio Innovations, Inc., Davis, CA, USA
Revitalize Bacillus amyloliquefaciens strain D747 1.3 mL/L Bonide Products Inc., Oriskany, NY, USA
RootShield WP Trichoderma harzianum 7.39 g/L Bioworks Inc., Victor, NY, USA

Triathlon BA Bacillus amyloliquefaciens strain D747 25 mL/L OHP Inc., Bluffton, SC, USA

Trichoderma asperellum Experimental isolate 1 x 107 spores/L

Zivion Natamycin 4.84 mL/L DSM, Heerlen, the Netherlands

Captan 50 WP Captan 24 ¢g/L Southern Agricultural Insecticides, Boone, NC, USA
Miravis Prime Fludioxonil + pydiflumetofen 700 pL/L Syngenta, Greensboro, NC, USA
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Fig. 1. Botrytis blight severity on detached petunia flowers treated with spray application of 15 biora-
tional products applied 24 h before inoculation with a Botrytis cinerea spore suspension (Expt. 1).
Captan and Miravis Prime were used as chemical fungicide controls. Inoculated and noninoculated
controls were included. Data show results 72 h after inoculation. Lettering indicates significant dif-
ferences between the treatments using Fisher’s least significant difference test (¢ = 0.05). Error
bars represent +1 standard error. Data were averaged over three replications (n = 30).

data collection were identical to Expt. 1. This
experiment was performed three times.

Expt. 34. Evaluation of the biorational
products applied to rose flowers 1 d before in-
oculation. One-hundred fifty-two ‘Orange
Crush’ rose cut flower stems were obtained
from an Ecuadoran grower through a whole-
sale distributor (Carolina Florist Supply, An-
derson, SC, USA). The flowering stems were
placed in cardboard boxes in a 5°C cooler for
24 h before the start of the experiment. Then
the roses were removed from the cooler and
10 cm was cut from the base of the stem to
improve hydration. Any visibly damaged
leaves were removed. Roses were randomly
selected and placed in groups of eight roses
per treatment. The 15 biorational products
were applied at the rates indicated in Table 1.
Each flower bud was dipped for 15 s into the
treatment solution, moving the head of the rose
gently to improve solution contact with the
multiple layers of flower petals. The roses
were then placed in a 0.55-m length x 0.12-m
width x 0.12-m height humid chamber cov-
ered with clear heavy duty, polyethylene plas-
tic film. Ten trays were placed in the bottom of
each humid chamber. Each tray contained 1 L
water to hydrate the roses and to humidify the
chamber. Each tray held a 35-cm length X
20-cm width x 0.22-cm height PVC structure
with plastic mesh netting to hold the stems
upright. Experiments were performed using a
completely randomized design. For this, roses
were randomized within the open humid
chamber for 24 h to allow treatment solutions
to dry. Then the roses were inoculated with a
1 x 10° spores/mL suspension using a 118 mL
clear polyethylene terephthalate plastic bottle
with a mist sprayer.

Visual ratings were performed 3, 5, and 7 d
after inoculation based on a total flower area
affected by botrytis using a 0 to 8 botrytis se-
verity scale where 0 = no symptoms, 1 = ne-
crotic spots covering 1% to 5% of the petal
tissue, 2 = necrotic spots covering 6% to 15%
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of the petal tissue, 3 = necrotic spots covering
16% to 29% of the petal tissue, 4 = necrotic
lesions covering 30% to 50% of the petal tis-
sue, 5 = Necrotic lesions covering 51% to
60% of the tissue, 6 = necrotic lesions cover-
ing 61% to 70% of the petal tissue, 7 = ne-
crotic spots covering 71% to 95% of the petal
tissue, 8 = necrotic spots covering 96% to
100% of the petal tissue (adapted from Munoz
et al. 2025). This experiment was performed
three times.

Expt. 3B. Evaluation of the biorational
products applied to rose flowers 8 d before in-
oculation. In this experiment the dip applications
of the products were performed at two commer-
cial greenhouses in Cundinamarca, Colombia
(lat. 4°59'16.9"N, lat. 4°48'03.3"N). Individ-
ual ‘Orange Crush’ rose cut flower buds were
covered with clear plastic bags for the 8
weeks of growth before harvest to avoid con-
tact with chemical applications. A total of 150
flowers were used for this experiment, and a
completely randomized design was imple-
mented. The following 12 biorational treat-
ments were tested with the rates shown in
Table 1: Actigard, Affirm, BotryStop, Cease,
Howler, ON-Gard Calcium, PureCrop, Re-
galia, Revitalize, RootShield, Triathlon, and
Zivion. After harvest, the stems were ran-
domized and organized in a set of 10 roses
before being dipped in the treatments as de-
scribed in Expt. 3A. Immediately after the
treatment applications, roses were grouped
into their respective treatments in bunches
and packed in plastic bouquets. The bouquets
were labeled and placed in a cardboard box
and cooled to 2°C in a forced-air cooler,
then the boxes were stored at 5°C for 24 h
before being shipped by airfreight to Clem-
son University, Clemson, SC, USA. Boxes
arrived after 7 d. Upon arrival, the flowers
were placed in the cooler at 5°C for 24 h.
The stems were taken out of the boxes, and
15 cm were cut from the base of the stems to
improve water uptake. Flowers were inoculated

8 d after treatments as described in Expt. 3A,
labeled, randomized, and placed in the humid
chambers. Visual ratings were performed 3,
5, and 7 d after inoculation as per Expt. 3A.
The experiment was performed twice.

Expt. 4. Evaluation of biorational product
combinations applied to rose flowers 1 d
before inoculation. Seventy-eight ‘Orange
Crush’ roses were obtained from an Ecua-
doran grower through a wholesale distributor
(Carolina Florist Supply). After receiving the
flowers, the same procedures from Expt. 3A
were applied before starting the treatment ap-
plication. Experiments were performed fol-
lowing a completely randomize design. For
this, roses were randomly selected and placed
in groups of six roses per treatment. The roses
were then treated with the various biorational
products. For roses, the four most effective bi-
orational products from Expt. 3A were con-
sidered, including Actigard, Affirm, ON-Gard
Calcium, Zivion, and their combinations were
applied as described in Expt. 3A. Visual rat-
ings were performed 3, 5, and 7 d after inocu-
lation as per Expt. 3A. This experiment was
performed three times.

Statistical analysis. Data analysis was per-
formed using JMP pro version 16.0.0 (SAS
Institute Inc., Cary, NC, USA). Each one of
the experiments was independently run for
the statistical analysis, considering the aver-
age response for the three replications. The
effect of the treatments was assessed using
analysis of variance and Fisher’s least signifi-
cant difference test was used to compare
means between significant treatments at P <
0.05. For rose, the cumulative effect of the
products over time was analyzed using the
area under the disease progression curve cal-
culated with data collected at 3, 5, and 7 d after
inoculation using the calculation previously de-
scribed (Bennett et al. 2020). For petunia, the
effect of treatments on the botrytis severity re-
sponse was evaluated 72 h after inoculation.

Synergistic or antagonistic effects of the
combinations were calculated using the fol-
lowing equation: E = If + IN — IfIN/100
from Colby (1967), where If is the observed
percentage of control provided by one of the
single products, and IN is the observed per-
centage of control provided by the other sin-
gle products used for the combination. E is
the expected percentage control by the com-
bination of the two products. When the ob-
served control is higher than the expected,
the combination presents a synergistic effect;
when the observed control presents a lower
result than the expected, control is referred to
the antagonistic effect described by Peng
etal. (2014).

Results

In petunia flowers, ON-Gard Calcium re-
duced disease severity by 79% compared
with the inoculated control, which was not
significantly different from Miravis Prime,
but it showed a significant difference from
the noninoculated control (Fig. 1). Zivion and
Howler reduced disease severity by 66% and
51%, respectively, which was better than
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Captan. Overall, Regalia and Affirm showed
a reduction of 17% and 22%, respectively, in
botrytis blight severity in comparison with
the inoculated control; however, the results
varied between experimental replications. No
significant differences were observed between
the other 10 treatments and the inoculated
control.

From the first experiment, the three best
performing biorational products were chosen
for further evaluation as individual applica-
tions and in combination with one another
(Fig. 2). ON-Gard Calcium, Zivion, and Howler
reduced botrytis blight by 79%, 66%, and 51%,
respectively, compared with the inoculated con-
trol and were equivalent to the noninoculated
control. ON-Gard Calcium, Zivion, and Howler
performed better than Captan, but they did not
perform as well as Miravis Prime. All combina-
tions performed better than the individual prod-
ucts, except for Howler + Zivion, which was
the same as Howler applied alone. The combina-
tion of Howler + Zivion, ON-Gard Calcium +
Howler, and ON-Gard Calcium + Zivion re-
duced botrytis blight by 77%, 79%, and 91%,
respectively, compared with the inoculated
control. The ON-Gard Calcium + Zivion
combination was equivalent to Miravis Prime.
The combinations of Howler + Zivion and
ON-Gard Calcium + Howler showed antago-
nistic effects, whereas the combination of
ON-Gard Calcium + Zivion showed a syner-
gistic interaction. Synergistic effects of the
three-active-ingredient combination could not
be calculated.

In rose flowers treated 1 d before inocula-
tion, Zivion showed a 18% reduction in botrytis
blight severity compared with the inoculated
control (Fig. 3). Cease also exhibited a disease
severity reduction of 13% in comparison with
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the inoculated control. The application of Acti-
gard and ON-Gard Calcium showed a disease
severity reduction of 23% and 33%, respec-
tively. Affirm reduced botrytis blight severity
by 63%, similar to the Miravis Prime fungicide
control. The other biorational treatments had no
significant effect on disease severity.

In rose flowers treated 8 d before inocula-
tion, Affirm reduced disease severity by 54%
(Fig. 4). The use of ON-Gard Calcium showed
a 31% reduction in disease severity. Both Acti-
gard and Zivion reduced disease severity by
13% in comparison with the inoculated con-
trol. Cease, Howler and RootShield showed a
reduction of 11%.

In rose flowers, all biorational combina-
tions reduced disease severity compared with
the inoculated control (Fig. 5). Actigard, Af-
firm, ON-Gard Calcium, and Zivion per-
formed better than the inoculated control and
showed a reduction of botrytis blight of 49%,
61%, 33%, and 40%, respectively. The com-
bination of Actigard + Affirm and Affirm +
ON-Gard Calcium performed similar to Mir-
avis Prime. The combinations of Actigard +
Affirm, Actigard + ON-Gard Calcium, Af-
firm + ON-Gard Calcium, Affirm + Zivion,
and ON-Gard Calcium + Zivion showed
synergistic effects, whereas the Actigard +
Zivion combination showed an antagonistic
effect.

Discussion

Spray applications of ON-Gard Calcium
(1000 mg/L Ca) on detached petunia flowers
and dip applications on rose flowers consis-
tently reduced botrytis blight symptoms com-
parable to the fungicide Miravis Prime. This
is consistent with the results from previous

Howler %8‘

Zivion

Miravis Prime "D‘

ON-Gard Calcium

One active ingredient

Treatments

=]
2
2
N
+
P
Z
z
=]
=

Two active ingredients

studies where the use of calcium at concen-
trations of 800 and 1200 mg/L had a positive
effect in the reduction of B. cinerea on petu-
nia flowers (Bennett et al. 2020), whereas
concentrations of 1000 and 2000 mg/L Ca us-
ing calcium chloride resulted in decreased
botrytis blight severity of cut roses (Munoz
et al. 2025). This effect is potentially a com-
bined result of the structural role of calcium-
forming bonds with the pectic material lo-
cated in the middle lamella, which strengthen
the cell wall and effectively increase the re-
sistance of the tissue to fungal penetration
(Gislerad 1997) and the role of calcium as a
signaling molecule responsible for modulat-
ing a series of physiological and molecular
downstream responses (Liu et al. 2024).

Rose flowers receiving a dip application
of RootShield exhibited reduced botrytis
blight severity only when applied 8 d before in-
oculation. The active ingredient in RootShield
is Trichoderma harzianum, a fungus related to
a strong lytic and antibiotic effect (Gams and
Meyer 1998). It is possible that RootShield
was only effective when applied 8 d before
inoculation because time is required for
the fungus to colonize the petal tissue and
induce resistance in the host plant. The bi-
orationals Actigard, Affirm, Cease, ON-
Gard Calcium, and Zivion are not living
organisms and reduced disease severity on
rose flowers when they were applied 1 d and
8 d before inoculation, indicating a faster
effect.

Howler was a more promising treatment
for petunia than rose. The active ingredient
listed on the Howler label is a bacterium
(Pseudomonas chlororaphis); however, We-
sche et al. (2025) reported that no living bac-
teria was found in commercial lots, and the
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ON-Gard Calcium + Howler
Howler + ON-Gard Calcium
Zivion

Three
active
ingredients

Fig. 2. Botrytis blight severity on detached petunia flowers treated with three biorational products and their four combinations 24 h before inoculation with a
Botrytis cinerea spore suspension (Expt. 2). Captan and Miravis Prime were used as chemical fungicide controls. Inoculated and noninoculated controls
were included. Data show results 72 h after inoculation. Lettering indicates significant differences between the treatments using Fisher’s least significant
difference test (o« = 0.05). Error bars represent £1 standard error. Data were averaged over three replications (n = 30). Numbers above the bars indicate
antagonistic (—) or synergistic (+) effects (Colby 1967).
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Fig. 3. Botrytis blight severity on rose flowers treated with a dip application of 15 biorational products 1 d before inoculation (Expt. 3A). Captan and Miravis
Prime were used as chemical fungicide controls. Inoculated and noninoculated controls were included. Botrytis blight severity is expressed as the area un-
der the disease progression curve (AUDPC) including the severity ratings from days 3, 5, and 7 after inoculation with a Botrytis cinerea spore suspension
(10° spores/mL). Lettering indicates significant differences between the treatments using Fisher’s least significant difference test (o« = 0.05). Error bars
represent £1 standard error. Data were averaged over three replications (n = 24).

effectiveness of Howler was attributable to a
fermentation product of P. chlororaphis, that
is, Howler should be considered a biofungi-
cide, not a BCA.

Our results showed that Actigard showed
a reduction of botrytis blight on roses when
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it was applied 8 and 1 d before inoculation
but did not show any effect on petunia
flowers. The active ingredient in Actigard,
acibenzolar-S-methyl, induces plant defense
mechanisms against diseases (Lawton et al.
1996). When it was used as postharvest treatment
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Affirm IS
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Biorationals
Treatments

in strawberries, Actigard reduced botrytis
severity (Terry and Joyce 2000). In grapes,
botrytis was reduced when acibenzolar-S-
methyl was applied as a spray; however, the
efficacy increased when the fruits were im-
mersed in the product in comparison to
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Fig. 4. Botrytis blight severity on rose flowers treated 8 d before inoculation with a dip application of 12 biorational products (Expt. 3B). Miravis Prime was
used as a chemical fungicide controls. Inoculated and noninoculated controls were included. Botrytis blight severity is expressed as the area under the
disease progression curve (AUDPC) including the severity ratings from days 3, 5, and 7 after inoculation with a Botrytis cinerea spore suspension
(10° spores/mL). Lettering indicates significant differences between the treatments using Fisher’s least significant difference test (a = 0.05). Error
bars represent +1 standard error. Data were averaged over three replications (n = 30).
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Fig. 5. Botrytis blight severity rating on rose flowers dipped with four biorationals and their six combinations (Expt. 4). Miravis Prime served as a chemical
fungicide controls. Botrytis blight severity was expressed as the area under the disease progression curve (AUDPC), which included the severity ratings
at days 3, 5, and 7 after inoculation with a Botrytis cinerea spore suspension. Lettering indicates significant differences between the treatments using
Fisher’s least significant difference test (o = 0.05). Error bars represent +1 standard error. Data were averaged over three replications (n = 18). Numbers
above the bars indicate antagonistic (—) or synergistic (+) effects (Colby 1967).

when the product was applied as a spray
(Youssef et al. 2019).

Zivion showed a reduction of the disease
on petunia and rose flowers. The active ingredi-
ent in Zivion is natamycin, which is a product
obtained from the fermentation of Streptomyces
natalensis (Oostendorp 1981) and has antifungal
properties. Natamycin binds the ergosterol of
fungi, limiting the growth of the pathogen
(Aparicio et al. 2016) and appears to be a
promising tool for botrytis blight manage-
ment; however, considering the ultraviolet
sensitivity of this compound best results are
most likely to be obtained from postharvest
treatments.

Botector, BotryStop, Revitalize, RootShield,
Triathlon, and 7. asperellum had no effect on
disease severity for rose or petunia. Studies
have reported that these BCAs yield variable re-
sults because they require the proper environ-
mental conditions (temperature, light, humidity)
for growth and to achieve their antagonistic ef-
fect against the pathogen (Tatagiba et al. 1998).
For example, B. cinerea control has been effec-
tive when the BCA is capable of surviving and
adapting to the environment. In cyclamen
(Cyclamen persicum), a reduction of the bo-
trytis infection was achieved when BotryStop
was applied 48 h before inoculation, whereas
no effect was observed when BotryStop was
applied at the same time as the pathogen
(Kessel et al. 2002). Studies have reported
that combining different microorganisms can
improve their efficacy due to their different
modes of action (Sylla et al. 2015); for exam-
ple, disease severity was reduced by 80% to
99% when Pichia guilermondii, a yeast, and
Bacillus mycoides, a bacterium, were used in
combination (Guetsky et al. 2001). Further in-
vestigation is needed to understand why the

1604

living BCA products used in this study did
not provide control of botrytis blight.

The combinations of ON-Gard Calcium +
Howler and ON-Gard Calcium + Zivion per-
formed better on petunia than the products by
themselves. In rose flowers, all combinations
performed significantly better than the prod-
ucts alone except for Actigard + Zivion,
which performed as well as Actigard and Zi-
vion alone. Actigard + Affirm and ON-Gard
Calcium + Affirm performed similarly to
Miravis Prime. The combination of Howler +
Zivion and ON-Gard Calcium + Zivion
showed antagonistic effects meaning the ob-
servable control was higher than the expected
control. Howler EVO, a new formulation of
Howler, contains antifungal metabolites in-
cluding pyrrolnitrin, which has been shown to
reduce the P450 14a-demethylase gene
CYP51 and to result in synergistic interac-
tions with demethylation inhibitor (DMI)
fungicides in plant pathogenic fungi such
as Monilinia fructicola and Colletotrichum
siamense (Wesche et al. 2024a, 2024b). It is
not known whether Howler suppresses the
CYP51 gene in B. cinerea or if synergies exist
between Howler and DMI fungicides against
B. cinerea—induced diseases. Natamycin, the
active ingredient of Zivion, is a polyene mac-
rolide that, in contrast to DMIs, does not bind
to enzymes involved in ergosterol synthesis.
Instead, it binds to ergosterol itself, and thus
its mode of action is different from that of
azoles. This study shows that at least in
B. cinerea, the potential suppression of CYP51
expression combined with ergosterol-binding
did not lead to synergistic interactions. Syner-
gistic effects were observed for the combina-
tion of ON-Gard Calcium + Zivion. The
mechanism of this synergy is unknown. The

calcium in ON-Gard Calcium’s CaCl, strength-
ens plant cell walls by binding to pectin. It also
inhibits the polygalacturonase enzyme in plant
pathogenic fungi at concentrations starting at
100 to 500 pg/mL of calcium (Bennett et al.
2020; Munoz et al. 2025). Thus, it is possible
that a combination of factors involved in
strengthening the plant cell wall and direct
effects on fungal metabolic processes and er-
gosterol function led to the phenomenon of
synergy.

These results demonstrate that some biora-
tional products and their combinations showed
efficacy against botrytis blight on ornamental
flowers. ON-Gard Calcium, Howler, and
Zivion and their combinations showed prom-
ising results for managing botrytis blight in
petunia flowers, whereas Actigard, Affirm,
ON-Gard Calcium, and Zivion and their com-
binations showed promising results for man-
aging botrytis blight on cut flower roses. To
our knowledge, no past studies have reported
on the modes of action of the combinations of
biorational products evaluated in this study.
As such, detailed mechanistic information is
currently lacking in literature. Therefore, this
knowledge gap invites further research to elu-
cidate the mechanisms underlying the ob-
served efficacy.
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