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Abstract. Bacterial blight caused by Pseudomonas syringae pv. syringae is a common
disease of lilac (Syringa reticulata L.). This bacterium spreads plant to plant via insect
vectors, wind, rain, and contaminated tools; hence, managing this disease is challeng-
ing. This study reports the efficacy of biological and chemical products for managing
bacterial blight on lilac ‘Ivory Silk’. All plants except the noninoculated, nontreated
control plants were spray inoculated with P. syringae pv. syringae strain FBG0464
10® cfurmL™Y). Pydiflumetofen 6.9% + difenoconazole 11.5% (Postiva), thyme oil [Proud
3 (5.56%) and Tril-21 (15.5%) (preventive application)] and Bacillus amyloliquefaciens
F272 (Stargus) were applied preventively 3 days before bacterial inoculation. Copper oc-
tanoate (Camelot O) (curative application) treatment was applied on the same day as the
bacterial inoculation. Didecyl dimethyl ammonium chloride (KleenGrow) and thyme oil
[Tril-21 (15.5%) (curative application)] were applied 7 days after inoculation. The plants
were assessed weekly for bacterial blight, defoliation, and phytotoxicity. The experiments
were conducted in 2021, 2022, and 2023. The final mean disease severity on inoculated,
nontreated plants was 22.0%, 63.8%, and 64.0% in 2021, 2022, and 2023, respectively.
All treatments significantly reduced bacterial blight compared with the inoculated, non-
treated control. In 2021, plants treated with pydiflumetofen 6.9% + difenoconazole
11.5%, B. amyloliquefaciens F272 and thyme oil [Proud 3 (5.56%) and Tril-21 (15.5% as
curative application)] had significantly lower bacterial blight severity compared with the
rest of the treatments. In 2022, there were no significant differences in disease severity
among the treatments. In 2023, plants treated with copper octanoate had the lowest dis-
ease severity. There was no phytotoxicity or defoliation in any of the treated plants. These
findings can aid in developing suitable solutions for controlling bacterial blight caused by
P. syringae pv. syringae on lilac.

Lilac (Syringa L.), a member of the
Oleaceae family, is a deciduous flowering
shrub commonly grown in East Asia, Europe,
and North America (Hongxia et al. 2004; Toth
et al. 2015; Varga et al. 2019). Lilac has
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decorative yellowish-white, lilac, purple,
and pink flowers blooming in April and
May and large green leaves (Gasecka et al.
2023; Kosiada 2016; Yigit et al. 2022). In
2019, lilac contributed $20.5 million in total
sales in the United States (National Agriculture
Statistics Service 2020). Bacterial blight
(P. syringae pv. syringae) is a common disease
of lilac, which has been reported to cause sig-
nificant economic losses on lilac (Scheck et al.
1996).

The bacterial blight pathogen P. syringae
pv. syringae is the most harmful plant patho-
genic bacteria, which can cause disease in
more than 180 plant species (Islam et al. 2020;
Lamichhane et al. 2015; Little et al. 1998). The
pathogen spreads from infected tissues to healthy
plants primarily through wind, rain splash, and
insects (Tattar 1989). It enters the plant via natu-
ral openings and wounds, usually on leaves or
shoots, and causes brown spots on stems (Tattar
1989) and necrotic spots surrounded by yellow
halos on leaves (Keshtkar et al. 2016). Leaf and
shoot infections may cause dieback and death
blossoms (Tattar 1989).

P. syringae pv. syringae has epiphytic
and endophytic phases (Hirano and Upper
2000). The epiphytic phase includes growth
and survival on seemingly healthy blossoms
and leaves throughout the growing season.
During the summer, the pathogen will cause
leaf spot lesions and survive epiphytically on
outwardly healthy leaf surfaces (Hirano and
Upper 2000). The epiphytic phase provides
easy dispersal of the pathogen and an imme-
diate source of inoculum for disease (Hirano
et al. 1994; Lamichhane et al. 2014). For ex-
ample, the pathogen is already present in in-
tercellular spaces of leaves as the epiphytic
phases, and the population size grows in re-
sponse to rain that further increases the prob-
ability of brown spot disease occurrence. For
endophytic phases, bacteria can colonize leaf
scars and move systemically to new sites
to form new colonies. It can lead to dead-bud,
blossom blight, and canker symptoms
(Kennelly et al. 2007; Sundin et al. 1988).
As such, the initial epiphytic populations of
P. syringae pv. syringae on plant surfaces
can serve as good predictors of their subse-
quent endophytic populations within plant
tissues and potential disease outbreaks under
favorable environmental conditions (Rouse
et al. 1985; Xin et al. 2018).

Cooler temperatures and frequent rain favor
the development of P. syringae pv. syringae in-
fection (Hirano and Upper 2000). Severe spring
epidemics have often been reported after cool
and wet weather periods or after frost (Kennelly
et al. 2007; Latorre et al. 2002; Nejad et al.
2004). Warmer and/or cooler temperatures
enable the epiphytic pathogen population to
switch to an endophytic phase population,
which will systematically colonize the dor-
mant buds where the pathogen overwinters.
In the following spring, dormant and visu-
ally healthy but already infected buds can
serve as the source of inoculum for blossom
colonization (Crosse 1956; Lamichhane et al.
2014). In addition, winter frost damage has
resulted in weakened plants, which has been
shown to consistently correlate with an in-
creased incidence of infection by P. syringae
pv. syringae (Kennelly et al. 2007).

Management of the bacterial blight caused
by P. syringae pv. syringae includes some
challenges due to the lack of effective chemical
or biological control measures, the epiphytic
and endophytic life cycle of the pathogen,
and copper resistance strains. Common strat-
egies for controlling bacterial blight caused
by P. syringae pv. syringae predominantly
relies on copper compounds (Kennelly et al.
2007; Scheck and Pscheidt 1998) or other
heavy metals, fungicides, and disinfectants
(Chase 1986). Copper compounds are routinely
applied to reduce P. syringae pv. syringae pop-
ulations, thereby preventing infections of tree
crops, including woody plants (Aiello et al.
2015; Cazorla et al. 2002; Scheck and Pscheidt
1998). Previously, copper compounds have
been reported to reduce the epiphytic popu-
lation of P. syringae pv. syringae and have
shown moderate disease control in several
hosts (Gilardi et al. 2010; Wimalajeewa
et al. 1991). However, many strains of
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P. syringae pv. syringae isolated from woody
ornamentals and fruit trees exhibited copper re-
sistance (Aiello et al. 2015; Cazorla et al. 2002;
Renick et al. 2008; Scheck et al. 1996; Spotts
and Cervantes 1994). The presence of leaf-
surface biofilms has been found to poten-
tially shield bacteria in the epiphytic stage
from the effects of copper exposure, conse-
quently making the treatments ineffective
(Lamichhane et al. 2015; Morris and Monier
2003). This led us to find effective and sus-
tainable alternative management strategy to
control P. syringae pv. syringae. The biolog-
ical control method is known to reduce the
toxicity and maintain eco-friendly environ-
mental conditions (Islam et al. 2020). For
instance, Bacillus spp., Pseudomonas spp.,
and Streptomyces spp. as biological control
agents are reported to be effective against
various plant pathogens including P. syringae
pv. syringae (Doolotkeldieva and Bobusheva
2020; Gilardi et al. 2010; Volksch and Wein-
gart 1998). In recent years, multiple studies
have demonstrated the effectiveness of natural
extracts from various plants in managing strains
in the P. syringae species (Balestra et al. 2009;
Simonetti et al. 2019). However, there is a lack
of specific studies on controlling P. syringae
pv. syringae on lilac. The absence of compara-
tive treatments for lilac makes it difficult to pre-
dict the efficacy of chemical and biological
control agents in managing P. syringae pv.
syringae. Implementing effective treatments
could aid in controlling the pathogen and al-
low for the evaluation of the effectiveness of
copper compounds, fungicides, and biological
products known for their ability to broaden the
spectrum against P. syringae pv. syringae. The
objective of this study was to evaluate the effi-
cacy of biological and chemical products for
controlling P. syringae pv. syringae on lilacs.

Materials and Methods

Inoculum preparation. Isolate FBG0464
of P. syringae pv. syringae (GenBank acces-
sion: PP229537) isolated from lilac was
obtained from a culture maintained at the
Baysal-Gurel laboratory at the Tennessee
State University Otis L. Floyd Nursery Re-
search Center in McMinnville, TN, USA.
The isolate was grown on King’s B agar

(King et al. 1954) for 2 to 3 d at 28 °C. Single
colonies were transferred into nutrient broth
and grown overnight at 28°C on an orbital
shaker (Thermo Scientific MaxQ 2000 CO2,
Waltman, MA, USA) at 150 rpm. Cultures
were then centrifuged (Thermo Scientific Sor-
vall Legend X1R) and optical density was ad-
justed to 10® cfurmL ™" (OD600:0.2).

Treatments. The treatments included
copper octanoate (Camelot O), didecyl di-
methyl ammonium chloride (KleenGrow),
pydiflumetofen + difenoconazole (Postiva),
thyme oil [Proud 3 (5.56%) and Tril-21 (15.5%)]
and B. amyloliquefaciens F727 (Stargus) (Table 1).

Experimental design. The experiments
were performed in a shade house (under 56%
shade) at the Tennessee State University Otis L.
Floyd Nursery Research Center in McMinnville,
TN, USA. Three-year-old container-grown lilac
‘Ivory Silk’ (Syringa reficulata) plants were
used in the experiments. Plants were fertilized
with 10 g of 18N-6P-8K Nutricote controlled-
release granular fertilizer (Florikan E.S.A. LLC,
Sarasota, FL, USA) and 7.5 g of Miracle-Gro®
water soluble all-purpose plant food (Scoot’s
Miracle-Gro Products, Inc., Marysville, OH,
USA) was mixed in 1 L of water and applied to
lilac plants (200 mL per plant) on 14 May 2021,
10 May 2022, and 10 May 2023. The experi-
ments were conducted from 4 Jun to 8 Jul 2021
as trial 1, 14 Jun to 15 Jul 2022 as trial 2, and
9 Jun to 24 Jul 2023 as trial 3. The average max-
imum temperatures were 33.7 and 32.7°C for
trial 1, 31.8 and 32.3°C for trial 2, 28.3 and
30.5°C for trial 3; average minimum tempera-
ture was 11.9 and 14.1°C for trial 1, 18.3 and
20.6°C for trial 2, 16.1 and 19.4°C for trial 3;
and total rainfall amounts were 57.5 mm and 9.9
mm for trial 1, 27.8 mm and 8.1 mm for trial 2,
72.1 mm and 3.2 mm for trial 3. Plants were ar-
ranged in a completely randomized design with
five single-plant replications.

Plants were preventatively treated with
pydiflumetofen + difenoconazole (Postiva),
B. amyloliquefaciens F727 (Stargus), thyme
oil [Proud 3 (5.56%) and Tril-21(15.5%) (pre-
ventative application)] 3 d before P. syringae
pv. syringae inoculation. Plants were treated
with copper octanoate (Camelot O) on the
same day as inoculation of P. syringae pv.
syringae. Treatments and P. syringae pv.

Table 1. Details of biological and chemical products used for this study.

syringae inoculation suspension were applied
as a foliar spray with a backpack CO, pressur-
ized sprayer equipped with a TeeJet XR8002VS
at 30 psi and plants were sprayed to runoff. Af-
ter pathogen inoculation, plants were covered
for 24 h with a transparent plastic bag to main-
tain a humidity-saturated environment. After
7 d of P. syringe pv. syringae inoculation,
plants were treated with didecyl dimethyl am-
monium chloride (KleenGrow) and thyme oil
[Tril-21 (15.5%)] as a curative application.
Treatments were applied at 3-, 7-, 10-, and 14-d
intervals (Table 1).

Plants were irrigated using emitters (Orbit
55032 1-inch BRS Sprinkler Head; Orbit®
Inc., North Salt Lake, UT, USA) for 15 min
twice a day during the experiments. Average
maximum temperatures were 33.7, 31.8,
and 28.3°C; average minimum tempera-
tures were 11.9, 18.3, and 16.1°C; and the
total rainfall was 57.1, 27.85 and 72.1 mL,
for the duration of trial 1, trial 2, and trial 3,
respectively.

Recording plant growth and bacterial blight
disease. The initial plant height and width
were recorded on 5 May 2021, 9 Jun 2022,
and 9 Jun 2023. Final height and width were
recorded on 8 Jul 2021, 15 Jul 2022, and 24 Jul
2023. Plant height measurements were taken
from the base of the stem at the substrate level
to the top of the terminal bud on the main stem.
The plant width was measured as the average
of the widest part from leaf tip to leaf tip and
the width perpendicular to the widest part. The
increase in plant height or width was calculated
by subtracting the initial height/width from the
final height/width. Bacterial blight was eval-
uated by assessing the percentage of infected
leaves with small, round spots that started as
light brown and became necrotic (Monchiero
et al. 2015). The scale used ranged from 0%
to 100% leaves affected by P. syringae pv.
syringae. Defoliation was determined by
counting the number of primary leaves missing
from each node on the main stem, divided by
the total number of nodes per main stem x 100
(Guan and Nutter 2002). Plants were evaluated
weekly for disease severity and defoliation until
8 Jul 2021, 15 Jul 2022, and 24 Jul 2023.

Statistical analysis. The area under the dis-
ease progress curve (AUDPC) was calculated

Treatment (active ingredient) Trade name Application rate  Application date’ Application type Manufacturer
Bacillus amyloliquefaciens F727 (96.4%)  Stargus 10 mL-L™" 1,4,6 Preventative Marrone Bio Innovations,
Davis, CA, USA
Copper octanoate (10%) Camelot O 10 mL-L™! 2,4, 6 Curative SePRO Corporation, Carmel, IN,
USA
Didecyl dimethyl ammonium chloride  KleenGrow 4 mL-L™! 4,6 Curative PACE 49 Inc, Delta, B.C., Canada
(7.5%)
Pydiflumetofen (6.9%) + Postiva 2.18 mL-L™! 2,4,6 Curative Syngenta Crop Protection LLC,
difenoconazoledifenoconazole (11.5%) Greensboro, NC, USA
Thyme oil (5.56%) Proud 3 10 mL-L~! 1,3,4,5,6 Preventative Huma Gro, Gilbert, AZ, USA
Thyme oil (15.5%) Tril-21 (PathoCURB) 5mLL! 1,3,5 Preventative Kemin Industries Inc, Des
Moines, 1A, USA
Thyme oil (15.5%) Tril-21 (PathoCURB) 5mL-L™! 4,6 Curative Kemin Industries Inc, Des

Moines, TA, USA

! Application date: 1 = 3 d before Pseudomonas syringae pv. syringae inoculation, 2 = same day with Pseudomonas syringae pv. syringae inoculation,
3 = 3 d after Pseudomonas syringae pv. syringae inoculation, 4 = 7 d after Pseudomonas syringae pv. syringae inoculation, 5 = 10 d after Pseudomonas
syringae pv. syringae inoculation, 6 = 14 d after Pseudomonas syringae pv. syringae inoculation.
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Table 2. Biological and chemical products’ effects on final bacterial blight (Pseudomonas syringae pv. syringae) severity (0% to 100% affected), and
AUDPC of lilac (Syringa reticulata) grown in a shade house, McMinnville, TN, USA.

L Final severity (%) AUDPC"

Application
Treatments date’ 2021 2022 2023 2021 2022 2023
Bacillus amyloliquefaciens F727 1,4, 6 45+09d" 163 +£3.8bc 12.0+0.5bc 113.75 + 18.94 bed 224.88 £34.95b  203.00 + 15.99 b
Copper octanoate 2,4,6 105+12b 13.8+43bc 9.0+13d 14525+2721bc 211.75+5490b 229.25+43.70 b
Didecyl dimethyl ammonium 4,6 80+£20c 125+32bc 10.0=+1.1cd 16590 +33.16 b 147.88 £26.21 bc 164.50 +28.50 b
chloride
Pydiflumetofen + difenoconazole 2, 4, 6 25+00d 244+119bc 100+ 1.1cd 6195+7.12de 28569 + 12048 b 162.75+£21.36 b
Thyme oil (5.56%) 1,3,4,56 40+10d 213+55b 13.0+£09Db 91.00 + 10.53 ¢cd 231.00 +60.40 b  222.25+19.68 b
Thyme oil (15.5%) 1,3,5 75+ 1.lc  125+14bc 11.5£06bc 113.75+15.01 bed 16625 +8.75bc  187.25+9.82 b
Thyme oil (15.5%) 4,6 40£06d 113+£24bc 11.0+0.6bcd 8890+ 16.67 cd 154.88 £40.63 bc 211.75+18.02b
Inoculated, nontreated control 220+12a 638+66a 640+19a 357.00+3393a 859.25+93.06a 1249.50+ 7291 a
Noninoculated, nontreated control 1.0+ 00e 19+12c¢ 05+05e 1750 £ 443 ¢ 27.56 £ 17.03 ¢ 1225+ 1225 ¢
P value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
F 35.46 8.21 193.18 20.65 15.01 127.99

" Application date: 1 = 3 d before Pseudomonas syringae pv. syringae inoculation, 2 = same day with P. syringae pv. syringae inoculation, 3 = 3 d after
P. syringae pv. syringae inoculation, 4 = 7 d after P. syringae pv. syringae inoculation, 5 = 10 d after P. syringae pv. syringae inoculation, 6 = 14 d after
P. syringae pv. syringae inoculation.

AUDPC: E([(x; + xi1)/2](t; — ti1)); where xi is the bacterial blight rating at each evaluation time and (t; — t;_;) is the number of days between
evaluations.

il Means followed by a different lowercase letter within a column are significantly different (P = 0.05). One-way analysis of variance was used to evalu-
ate treatment effects on area under the disease progress curve (AUDPC). Means were compared using Fisher’s least significant difference test with an o = 0.05. Fi-

nal disease severity was analyzed according to general linear mixed model with a logit link and beta distribution (PROC GLIMMIX).

according to the formula: Z([(x; + x31)/2]
(t; — ti_1)); where xi is the bacterial blight rating
at each evaluation time and (t; — t_) is the
number of days between evaluations. The ef-
fects of biological and chemical product treat-
ments on plant height and width increase and
AUDPC were analyzed using one-way analysis
of variance with PROC GLM procedure (SAS
Inc., Cary, NC, USA). Means were separated
using Fisher’s least significant difference test
(a0 = 0.05). The final disease severity and de-
foliation were analyzed using a general linear
mixed model with a logit link and beta distri-
bution (using PROC GLIMMIX). Means
were separated using LS means.

Results

In trial 1, all treatments significantly re-
duced final disease severity and AUDPC com-
pared with the inoculated, nontreated control
plants had 22.0% of final disease severity

(Table 2). Lilac treated with pydiflumetofen +
difenoconazole, B. amyloliquefaciens F727,
and thyme oil [5.56% and 15.5% (curative
application)] had significantly lower final dis-
ease severity compared with plants treated with
didecyl dimethyl ammonium chloride, copper
octanoate, and thyme oil (15.5%, preventative
application). Pydiflumetofen + difenoconazole-
treated plants had the lowest AUDPC. There
were no significant differences in terms of plant
height increment among the chemical and bio-
logical products, inoculated, nontreated control
and noninoculated, nontreated control plants
(Table 3). However, the plants treated with
pydiflumetofen + difenoconazole showed a
significantly lower width increase compared
with the thyme oil (15.5%, preventive and cura-
tive application) and inoculated, nontreated
control.

In trial 2, inoculated, nontreated plants
had the highest final disease severity of 63.8%
(Table 2). All treatments significantly reduced

disease severity and AUDPC compared with
the inoculated, nontreated control plants. There
were no differences between treatments other
than inoculated, nontreated control. There were
no significant differences in terms of plant
height and width increment among the treat-
ments and inoculated, nontreated control
plants (Table 3).

In trial 3, the final disease severity was
64% on inoculated, nontreated control plants
(Table 2). All treatments significantly reduced
disease severity and AUDPC compared with
the inoculated, nontreated control. Plants treated
with copper octanoate, didecyl dimethyl
ammonium chloride, and pydiflumetofen +
difenoconazole had the lowest disease sever-
ity compared with other treatments. Treat-
ments had no difference in plant height and
width increment relative to inoculated, non-
treated control plants (Table 3).

In trials 1 and 3, defoliation was not ob-
served in any treated, inoculated, nontreated,

Table 3. Biological and chemical products’ effects on plant growth of lilac (Syringae reticulata) grown in a shade house, McMinnville, TN, USA.

Height increase (cm)"

iii

Width increase (cm)

Application
Treatments date’ 2021 2022 2023 2021 2022 2023
Bacillus amyloliquefaciens F727 1,4,6 28.40 £ 16.94 2% 850 +5.63a 1040+0.40a 10.60 +5.80 ab 2.63 £0.38a 12.00 +0.79 a
Copper octanoate 2,4,6 4420 + 1842 a 875+3.12a 1260+ 1.12a 3.50+141ab 7.00+290a 1220+0.37a
Didecyl dimethyl ammonium chloride 4, 6 37.60 + 18.11 a 9.75+3.04a 1240+093a 940+403ab 2.75+1.05a 1220+046a
Pydiflumetofen + difenoconazole 2,4,6 1780 + 11.19 a 525+221a 11.20+0.73a 180+0.73b 4.13+1.78a 1230+0.25a
Thyme oil (5.56%) 1,3,4,5,6 2640+ 10.70 a 7.75+347a 1140+060a 930+286ab 4.75+1.59a 12.10+0.29a
Thyme oil (15.5%) 1,3,5 28.20 £ 19.56 a 850+250a 11.60+1.03a 1840+742a 525+13la 12.10+029a
Thyme oil (15.5%) 4,6 5440 +£17.11 a 7.00+3.85a 12.00+145a 1640 +874ab 463 +055a 12.10+0.24 a
Inoculated, nontreated control 48.60 = 15.16 a 850+ 4.19a 1220+136a 17.30+£6.89a 550+1.67a 12.60=+0.73 a
Noninoculated, nontreated control 33.00+ 1068 a 11.50+3.10a 11.80£086a 940+477ab 625+ 1.80a 12.10+0.29 a
P value 0.7981 0.9814 0.8730 0.3458 0.5930 0.9960
F 0.57 0.29 0.46 1.17 0.82 0.15

' Application date: 1 = 3 d before Pseudomonas syringae pv. syringae inoculation, 2 = same day with P. syringae pv. syringae inoculation, 3 = 3 d after
P. syringae pv. syringae inoculation, 4 = 7 d after P. syringae pv. syringae inoculation, 5 = 10 d after P. syringae pv. syringae inoculation, 6 = 14 d af-

ter P. syringae pv. syringae inoculation.
""Height increase = final height — initial height.

f“ Width increase= [(final widest width — initial widest width) + (final perpendicular width — initial perpendicular width)] + 2.
"Y' Means followed by a different lowercase letter within a column are significantly different (P =< 0.05). One-way analysis of variance was used to evaluate
treatment effects on height increase, and width increase. Means were compared using Fisher’s least significant difference test with an o = 0.05.
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or noninoculated, nontreated lilac plants. How-
ever, in trial 2, inoculated, nontreated control
plants showed 3.8% defoliation. No phytotoxic-
ity was observed on any of the treated or non-
treated control plants.

Discussion

The P. syringae pathovar is stated to be
one of the 10 most important phytobacteria,
having an economic importance due to the
wide host range and the great spread capacity
on different hosts (Kennelly et al. 2007;
Mansfield et al. 2012). Many methods have
been reported to manage P. syringae, includ-
ing cultural management such as proper prun-
ing, using resistant plants, biological control,
and chemical management based on copper
compounds (Cordova et al. 2023). However,
these methods have not always been success-
ful. Cultural practices are related to environ-
mental conditions such as temperature and
humidity, which can influence the disease’s
development. In this study, three trials in shade
house conditions were conducted to evaluate
the efficacy of chemical and biochemical
products on bacterial blight of lilac to develop
recommendations for controlling P. syringae
pv. syringae.

In the current study, all the biological and
chemical products significantly reduced bac-
terial blight in lilac. The plants treated with
copper octanoate, a chemical product used in
this study, exhibited significantly lower se-
verity of reduced bacterial blight and disease
progress compared with the inoculated, non-
treated control plants. This finding is notable
despite the reported copper resistance of
P. syringae pv. syringae in woody plants
(Scheck and Pscheidt 1998) and did not control
bacterial blight on lilac (Pscheidt and Bassinette
2013). Previously, consistent with our findings,
the copper octanoate has been reported to be
effective to reduce Xanthomonas blight on
schefflera (Schefflera arboricola) caused by
Xanthomonas campestris pv. hederae and bacte-
rial leaf blight on cornelian cherry (Cornus mas)
and chrysanthemum (Chrysanthenum morifolium)
caused by P. syringae (Chase 1986; Mmbaga
and Nnodu 2006). The bactericidal mechanism
of copper-based compounds, Cu (II), induces
oxidative stress when reduced to Cu (I). This
stress can damage the bacterial cell membrane
through lipid peroxidation, leading to mem-
brane permeability and eventual cell death
(Husseini and Akkopru 2020; Teitzel et al.
2006).

The chemical product didecyl dimethyl
ammonium chloride was an effective treat-
ment in reducing disease severity and AUDPC.
This is comparable to other studies that demon-
strate the ability of didecyl dimethyl ammo-
nium chloride to suppress bacterial leaf spot on
tomato and pepper caused by Xanthomonas
campestris pv. vesicatoria and bacterial gall on
loropetalum caused by Pseudomonas amygdali
pv. loropetalli (Copes et al. 2019). Didecyl di-
methyl ammonium chloride has a positive
charge, which allows it to form an electrostatic
bond with the negatively charged cell wall of
microorganisms. This bond disrupts the cell
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wall permeability, leading to the disturbance of
nutrient flow into the cell, waste discharge from
the cell, and protein denaturation (Juergensen
et al. 2000). Consequently, didecyl dimethyl
ammonium chloride causes the leakage of intra-
cellular molecules and the subsequent death of
bacterial cells (Yoshimatsu and Hiyama 2007).

Pydiflumetofen + difenoconazole is known
to quickly move from the leaf surface into the
wax layer, becoming rain fast and creating a
layer of protection within 24 h. It begins by
slowly penetrating and spreading within the
plant tissue, providing further disease con-
trol (Jennings et al. 2024). Pydiflumetofen
+ difenoconazole has been reported to be
effective on controlling the disease severity
of Pseudomonas leaf spot of magnolia
(Magnolia soulangeana) and Xanthomonas
leaf spot of geranium (Pelargonium ‘Americana
Bright Red”) (Baysal-Gurel et al. 2020; Krasnow
and Norman 2022). Similar efficacy was pro-
vided by pydiflumetofen + difenoconazole
against P. syringae pv. syringae on lilac in
the current study.

Thyme oil has been reported to have
anti-biofilm and anti-phytotoxin effects on
P. syringae strains (Oliva et al. 2015).
However, thyme oil did not significantly
affect P. syringae of kiwifruit (Actinidia
deliciosa) (Monchiero et al. 2015). In the
current study, lilac treated with thyme oil
[5.56% and 15.5% (preventative and curative
application)] had significantly less disease com-
pared with the inoculated, nontreated control
plants.

In the current study, B. amyloliquefaciens
strain 727 was found to be effective in reduc-
ing disease severity and AUDPC compared
with the inoculated, nontreated control. Bacillus
spp. exhibit significant antimicrobial activity
against different phytopathogens including
P. syringae pv. syringae (Broniarek-Niemiec
et al. 2023; Islam et al. 2020; Volksch and
Weingart 1998). They use a mode of action
that is associated to the production of lipopep-
tides that permeabilize the host membrane
(Cawoy et al. 2011; Fira et al. 2018; Laverty
et al. 2011) and are known to reduce pathogen
development (Etesami et al. 2023). Moreover,
applications of B. amyloliquefaciens induce
host resistance that can suppress subsequent
infection by pathogens (Ahmed et al. 2022;
Chowdhury et al. 2013; Lahlali et al. 2022;
Ongena et al. 2005; Preecha et al. 2010) as
well as enhance plant growth (Gowtham et al.
2018; Kloepper et al. 2004; Pérez-Garcia et al.
2011).

In conclusion, biological and chemical
products in the current study have been
shown to have an important role in reducing
bacterial blight on lilac under shade house
conditions. Among the trials, copper octa-
noate exhibited less effectiveness in reducing
disease severity compared with other treat-
ments in trial 1. It is important to note that
temperature can significantly influence the ef-
ficacy of copper treatments. Higher tempera-
tures can lead to rapid inactivation of copper
(Sharan et al. 2010), and trial 1 recorded the
highest temperatures among all trials. This
may explain the lower efficacy of copper

octanoate in reducing disease severity during
this trial. Furthermore, the current study could
provide alternative treatments to copper appli-
cations, in the case of the copper resistance iso-
late of P. syringae pv. syringae. Treatment with
thyme oil (15.5%, preventative application)
was efficient in all trials; application of didecyl
dimethyl ammonium chloride and pydiflumeto-
fen + difenoconazole in trial 1 and trial 3 and
B. amyloliquefaciens strain 727 in trial 1 have
also proved to be a useful tool to control bacte-
rial blight. Therefore, this study can be used to
consider new treatments and formulate man-
agement plans for the control of P. syringae pv.
syringae on lilac.
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