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Abstract. Basil (Ocimum spp.) is among the most economically important culinary herbs
grown worldwide. Ocimum basilicum includes both the European style sweet basil and the
distinct Thai basil. Field, greenhouse, and indoor production practices involve growing
dense compact stands that facilitate ideal conditions for the development of significant fo-
liar diseases. One such disease, which has increased in prevalence and severity over the
past decade throughout basil production regions in the United States and Europe, is bacte-
rial leaf spot (BLS) caused by the pathogen Pseudomonas cichorii, a common bacterial
pathogen with a broad host range including both wild plant species and commercial crops.
Under favorable conditions, BLS is capable of causing significant losses before harvest,
with growers currently having few economically viable chemical controls available for the
disease. At present, no known resistance to BLS exists in commercially available cultivars.
This study establishes a rapid pathogenicity screening assay for identification of potential
BLS resistant germplasm within the O. basilicum and broader Ocimum genus for use in
breeding genetically resistant lines. Three basil accessions, ‘Lettuce Leaf’ (O. basilicum),
‘Mrs. Burns’ Lemon’ (O. africanum), and the coded Rutgers’ ‘RUGBX 88’ (Ocimum
spp.), were inoculated with P. cichorii at 108 CFUs and screened for disease severity at the
cotyledon, first true leaf, second true leaf, and mature growth stage (four to five nodes).
Disease severity scores (0 to 5) were assessed daily from 3 to 6 days post-inoculation (DPI)
to determine the best growth stage for rapid screening purposes. Disease severity scores at
the cotyledon and first true leaf stage displayed significant variation from mature plants
while there were no significant differences (Dunn’s test, a 5 0.05) in ratings between the
second true leaf stage and maturity for all three accessions; the second true leaf growth
stage was then selected to screen a collection of commercial basil cultivars for BLS resis-
tance. Pathogenicity assays at the second true leaf stage revealed substantial variation in
disease severity scores with the lowest being 2.28 (‘Queen of Sheba’) and the highest being
4.65 (‘Siam Queen’) across all lines tested. This methodology demonstrates the screening
of basils at the second true leaf growth stage can readily be applied to Ocimum spp.
Germplasm collections for the identification of potential BLS-resistant lines for incorpora-
tion into breeding programs.

Basil (Ocimum basilicum L.) is one of the
most widely grown and economically impor-
tant herbs in the world. According to the
Food and Agriculture Organization of the
United Nations (FAO), there was an esti-
mated $3,086,654 (USD thousands) global

annual import market and $2,829,966 (USD
thousands) export market in 2013, with a
year-over-year increase in the export market of
25% (FAO and World Health Organization
2017). The basil essential oil market prioritizes
high yield and specific aromatic compositions

in their cultivars, both of which can be severely
affected by pathogen infection; the fresh culi-
nary sweet basil herb market demands even
greater stringency, requiring product that is un-
damaged by pathogens, visually attractive, aro-
matic, and high yielding (Simon et al. 1990,
1999). Thus, marketable basil crops require
protection from abiotic and biotic stresses
throughout the growing period and must
maintain excellent aesthetic characteristics
throughout shipping, shelf life, and after sale
to consumers.

While basil downy mildew, caused by
Peronospora belbahrii, is one of sweet ba-
sil’s most economically important diseases,
an increasing number of reports have identi-
fied bacterial leaf spot (BLS) caused by Pseu-
domonas cichorii as an increasingly impactful
disease that causes severe leaf damage and
decreased marketability (Patel et al. 2019;
Webb et al. 2016; Wyenandt et al. 2015).
P. cichorii has a large host range and infects
a wide array of commercial and noncommer-
cial plants worldwide (Hikichi et al. 2013).
This includes lettuce, eggplant, and sweet
pepper, which are commonly grown together
with basil crops in field and greenhouse op-
erations. First identification of P. cichorii
causing BLS on basil in the United States oc-
curred in a Florida nursery in 1986 (Burgess
et al. 1986) and has since been reported in
Louisiana in 1998 (Holcomb and Cox 1998),
Indiana in 2016 (Webb et al. 2016), Hawaii
in 2017 on Thai basil (Luiz et al. 2018), and
1 year later, in New Jersey on sweet basil
(Patel et al. 2019). Additionally, BLS of basil
has been reported in Japan (Kanehashi et al.
2006), Taiwan (Hseu et al. 2013), and Brazil
(Moreira et al. 2015). The BLS pathogen is
quickly becoming common throughout basil
growing regions in the United States and
worldwide, presumably spreading via infested
seed, infected plant material, or through its
unidentified presence on its diverse host range
(Hikichi et al. 2013; Wick 2021). The charac-
teristic symptom of BLS infection is an irreg-
ular blackened necrosis on the stems and
leaves; however, the pathogen may also reside
on asymptomatic host plants, making its iden-
tification, control, and containment difficult
(McGovern 2023; Wick 2021).

Currently, there are no effective methods
to control BLS on basil. Little is known about
the etiology of the disease, and it can develop
sporadically, making prophylactic bactericidal
controls costly and unfeasible. Additionally,
pathogen dissemination and disease severity
are highly dependent on favorable environ-
mental conditions. For this reason, and also
its negative impact on the success of field tri-
als, a rapid method to test for genetic resis-
tance under controlled conditions is needed.
Differential resistance to the disease has been
previously reported among O. basilicum culti-
vars (Holcomb and Cox 1998), but identifica-
tion of a completely resistant cultivar has not
been reported, and none are available on the
market.

Differential resistance to BLS-causing
Xanthomonas campestris pv. vitians and in-
heritance of that resistance has been clearly
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demonstrated in lettuce allowing for ad-
vancements in understanding of the molec-
ular mechanisms and breeding efforts (Bull
et al. 2007; Hayes et al. 2014b; Kandel
et al. 2022; Sandoya et al. 2019). These ad-
vancements in lettuce and other crops may
provide a model for BLS resistance breed-
ing in sweet basil.

The Ocimum genus is richly genetically
diverse and displays high variation in ploidy
levels and species compatibility (Gupta et al.
2018; Matthew et al. 2022; Pyne et al. 2018;
Vieira et al. 2003). This diversity has been
successfully harnessed to develop basil downy
mildew–resistant sweet basil (O. basilicum)
lines using both intra- and interspecies crosses
(Ben-Naim et al. 2015, 2018; Pyne et al.
2015). There is little understanding of sus-
ceptibility or resistance to BLS caused by
P. cichorii in sweet basil and the broader
Ocimum genus. A rapid BLS screening
approach will allow for the potential identifi-
cation of resistant material from large germ-
plasm collections for incorporation into
active basil breeding programs. Rapid BLS
resistance screens have been established in
lettuce, and differential temporal severity
has been demonstrated (Lu and Raid 2013;
Pauwelyn et al. 2011). Additionally, rapid
screening approaches have been developed
and used for downy mildew resistance within
the Ocimum genus (Pyne et al. 2014). The ob-
jective of this study was to develop a method-
ology for rapidly screening BLS resistance in
the Ocimum genus using three species includ-
ing theO. africanum (formerlyO. citriodorum)
‘Mrs. Burns’ Lemon’ (MBL), O. basilicum
‘Lettuce Leaf’ (LL), and the coded Rutgers’
line ‘RUGBX 88’ (BX; Ocimum spp.), which
is yet to be taxonomically identified. MBL and
LL were selected for evaluation as a moder-
ately resistant and highly susceptible cultivar
based on the results reported by Holcomb and
Cox (1998), and BX was selected as a highly
resistant accession based on preliminary
disease evaluations (Barrett, unpublished).
This study evaluated each species at mul-
tiple growth stages finding repeatable dif-
ferences in BLS susceptibility.

Materials and Methods

Bacterial isolation and identification.
Symptomatic samples of sweet basil ‘Pros-
pera’ from a commercial basil farm located
in Delray Beach, FL, USA, were collected in
Jan 2022. Infected leaf samples were surface
sterilized with deionized water. A 4- to 5-mm
piece of leaf tissue was excised along the
margins of the leaf lesion, macerated in ster-
ile water, and then the extract was streaked
onto King’s B medium agar (KBM) (Schaad
et al. 2001). Colonies developed at 30 �C
within 24 h. Characteristic fluorescent
colonies of P. cichorii were selected under
365-nm ultraviolet light and further cultured
to pure colonies on KBM. A single colony in
3 mL of Luria broth (LB) was cultured over-
night (12 h) at 30 �C and 250 rpm. A 20%
glycerol stock solution was made and placed
in a �80 �C freezer for long-term storage.
One millilitre of the bacterial suspension was
used for DNA extraction using the WizardV

R

Genomic DNA Purification Kit. Extracted
DNA was amplified by polymerase chain re-
action (30 cycles at 95 �C 2 min | 95 �C 30 s,
55 �C 30 s, 68 �C 2 min | 68 �C 8 min, 4 �C
hold) for the 16S rRNA gene using the 27F
and 1525R primers (�1500 bp) (Lane 1991)
and for a 520-bp region of the pathogenicity
gene cluster hrcRST (Forward 50 TTC TCC
TGT TCG TGC TGG TC 30, reverse 50 CGA
ATA CTC GGC ATC GGG AA 30) com-
monly found in Pseudomonas species
(Cottyn et al. 2011). Amplification was con-
firmed via gel electrophoresis and DNA
bands were gel extracted for sequencing anal-
ysis (Genwiz by Azenta, South Plainfield,
NJ, USA). The sequences were analyzed us-
ing the Basic Local Alignment Search Tool
(BLAST) utility in the National Center for
Biotechnology Information (NCBI) Database
(https://www.ncbi.nlm.nih.gov/) to determine
the isolate’s sequence homology to P. cichorii
(Altschul et al. 1990; Camacho et al. 2009).
The consensus 16-s sequence was submitted
to GenBank (PQ067361) and identified as
strain RUPC1.

Identification of plant growth stage for
rapid screening. Seeds of O. africanum MBL
from Richters Herbs (Goodwood, Canada),
O. basilicum LL from Urban Farmer (West-
field, IN, USA), and the Rutgers germplasm
accession Ocimum spp. BX were each sown
into two rows (24 seed total of each) of a
24-cell tray with a peat based soilless media
(PRO-MIX BX) and grown to the cotyledon,
first true leaf, second true leaf stage, or pre-
flowering maturity (four to five nodes) under
greenhouse conditions (23 to 27 �C, 16-/8-h
day/night cycle, �400 mmol/m2/s supple-
mental lighting) at the Rutgers New Jersey
Agricultural Experiment Station Research
Greenhouse located on Cook Douglas
Campus, New Brunswick, NJ, USA. Plants
designated for the mature growth stage
were transplanted to 9-cm pots at the sec-
ond true leaf stage to facilitate faster
growth. Inoculum was prepared by adding
a single P. cichorii colony to 100 mL of
LB broth and incubated at 30 �C overnight

on a rotary shaker (250 rpm). The liquid
culture was centrifuged at 7500 gn and
rinsed twice with sterile water. The final
bacterial pellet was resuspended in sterile
deionized water and adjusted to 1 � 108

CFUs. Two to four hours before spray
inoculation, 12 plants per accession per
growth stage were randomly assigned to a
tray and transferred to a constant mist
chamber (100% humidity, 23 to 27 �C, 16-/
8-h day/night cycle, �100 mmol/m2/s sup-
plemental lighting) for conditioning. After
the conditioning period, plants at the coty-
ledon, first, and second true leaf stage were
sprayed with a handheld sprayer five times
each until leaf runoff, delivering�4 mL of in-
oculum suspension per individual plant. Mature
plants were sprayed 10 times delivering about 8
mL of suspension. The day of conditioning and
inoculation is considered day 0 in this screen.
Post-inoculation, plants were randomly arranged
and incubated in the mist chamber for 72 h be-
fore initial disease ratings to allow for symptom
development. Inoculated plants remained in the
mist chamber for the duration of the screen. Dis-
ease ratings were assessed four times from 3 d
post-inoculation until day 6 using a 0 to 5 scale
developed by Hayes et al. (2014a) for use in
lettuce germplasm. Scores were evaluated as
follows: 0 5 no disease; 1 # 10 lesions of
<3 mm in size; 2 5 individual disease lesions
$ 3 mm or more than 10 lesions; 35 large, co-
alesced lesions covering less than 20% of leaf
area; 4 5 lesions covering 20% to 50% of leaf
area; 5 5 lesions covering >50% of leaf area.
Trials occurred from Apr to Sep 2023 and were
fully replicated in triplicate.

Commercial cultivar screening. BLS sus-
ceptibility was determined for 35 commercial
cultivars by screening plants at the second
true leaf stage (Table 2). The same proce-
dures established for the growth stage screen-
ing were followed for plant growth and
inoculation. Twelve plants per cultivar were
screened in a single randomized unreplicated
trial. A single trial was conducted due to the
consistency of response detected in the
growth stage screen. Additionally, all indi-
viduals screened were moderately to highly
susceptible to BLS. Replicated trials are rec-
ommended for cultivars displaying mean dis-
ease severity scores #2. Trials occurred
from Jan to Feb 2024.

Data analysis. Data analysis was done in
Rstudio using the kruskal.test function and
the dunn.test function from the dunn.test
package (Dinno 2017; R Core Team 2022).
Thirty individual plants from three replicated
screens of 10 plants each of LL, MBL, and
BX were analyzed per growth stage to deter-
mine the inter- and intra-accession differ-
ences in means. Ten individual plants per
cultivar were used in the commercial screen-
ing study.

Results and Discussion

Variation in disease severity resulting
from P. cichorii inoculation was observed
among the three basil species evaluated
within the growth stage comparison screen.
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Basil LL displayed high susceptibility
across all growth stages to P. cichorii inocu-
lation with 3 to 6 d post-inoculation (DPI)
mean scores ranging from 4.23 to 4.77; the
lemon basil cv. MBL displayed intermediate
susceptibility (2.92 to 3.33) at the first true
leaf to maturity growth stages, to high
(4.09) susceptibility at the cotyledon stage;
BX displayed consistently low susceptibil-
ity across growth stages with a mean sever-
ity from 0.72 to 1.08. (Fig. 1). Results
observed for MBL and LL are similar to
those described previously by Holcomb and
Cox (1998) wherein MBL was identified as
a moderately resistant cultivar and LL a
highly susceptible one.

A Kruskal–Wallis rank sum test was per-
formed to determine significant differences in
mean disease severity scores within each ac-
cession across the four growth stages. A sig-
nificant difference was found within all three
accessions: LL, x2 5 21.684, df 5 3, P 5
7.591e�05; MBL, x2 5 40.808, df 5 3, P 5
7.183e�09; and BX, x2 5 12.545, df 5 3,
P 5 0.005731, at a 5 0.05. Dunn’s test with
a Bonferroni correction was then performed

for pairwise comparisons of the mean disease
severity scores at each growth stage within
each accession (Table 1). In LL, the cotyle-
don stage was the only significantly different
(z-score: 4.641, P 5 0.00, a 5 0.05) growth
stage compared with maturity, with a mean
severity score of 4.77 and 4.23, respectively.
These scores, although significantly different,
do both accurately capture the high suscepti-
bility of the LL accession. The variation in
these scores appears to be due to the early on-
set of severe intense symptoms at the cotyle-
don stage compared with the mature score as
the 3 DPI mean severity score was 4.33 and
3.60, respectively. In MBL, both the cotyle-
don (z-score: 5.46, P 5 0.00, a 5 0.05) and
first true leaf stage (z-score: 2.839, P 5
0.0136) mean severity scores were signifi-
cantly different from maturity. The cotyledon
stage rapidly developed severe disease symp-
toms and was unable to replicate the intermedi-
ate resistance phenotype displayed in mature
plants, whereas the first true leaf stage initially
displayed similar resistance to mature plants
but quickly declined by 6 DPI (Table 1). The
second true leaf stage’s mean score did not

significantly differ but did display a slightly
higher disease severity by 6 DPI. In BX, only
the first true leaf stage (z score: �2.845, P 5
0.0133, a 5 0.05) significantly differed to ma-
turity with a score of 0.72 and 1.08 respectively.
The cotyledon stage, although scoring simi-
larly to the first true leaf stage (0.78), did
not pass the a 5 0.05 threshold (z-score:
�2.331, P 5 0.0592). These results demon-
strate that the disease severity scores across
the three basil species screened at the second
true leaf stage were not significantly different
from those recorded at plant maturity. This
indicates that the second true leaf stage can
accurately replicate the mature plant response
to P. cichorii infection. Therefore, the second
true leaf stage was used to pilot the rapid
pathogenicity screening test for commercial
basil cultivars.

The comparative screen included 35 com-
mercial basil cultivars, and the three accessions
used to determine pathogenicity parameters for
BLS resistance at the second true leaf stage.
The basil cultivars screened included Geno-
vese, Italian, Thai, Lemon, Globe, Lettuce, and
Purple Basil types (Table 2). The cultivars

Table 1. Summary of bacterial leaf spot disease severity across growth stages in three accessions of basil.

Disease severityi,ii

Accession Growth stageiii 3 DPI 4 DPI 5 DPI 6 DPI Avg
‘Lettuce Leaf’ Cotyledon 4.33 ± 0.19 4.80 ± 0.09 5.00 ± 0.00 4.93 ± 0.07 4.77 ± 0.08iv

First leaf 3.73 ± 0.16 4.50 ± 0.14 4.87 ± 0.08 4.93 ± 0.05 4.51 ± 0.09
Second leaf 4.00 ± 0.14 4.50 ± 0.14 4.63 ± 0.09 4.93 ± 0.05 4.52 ± 0.08
Mature 3.60 ± 0.11 4.10 ± 0.15 4.53 ± 0.12 4.70 ± 0.11 4.23 ± 0.10

‘Mrs. Burns’ Lemon’ Cotyledon 3.63 ± 0.26 4.00 ± 0.23 4.40 ± 0.22 4.33 ± 0.23 4.09 ± 0.21iv

First leaf 2.33 ± 0.14 3.23 ± 0.20 3.67 ± 0.20 4.10 ± 0.20 3.33 ± 0.16iv

Second leaf 2.40 ± 0.10 2.67 ± 0.10 3.17 ± 0.13 3.43 ± 0.15 2.92 ± 0.10
Mature 2.60 ± 0.09 2.90 ± 0.10 3.10 ± 0.07 3.10 ± 0.06 2.92 ± 0.06

‘RUGBX 88’ Cotyledon 0.80 ± 0.18 0.80 ± 0.14 0.80 ± 0.10 0.73 ± 0.15 0.78 ± 0.11iv

First leaf 0.50 ± 0.12 0.73 ± 0.14 0.87 ± 0.10 0.77 ± 0.10 0.72 ± 0.10
Second leaf 0.77 ± 0.11 1.03 ± 0.14 1.17 ± 0.14 1.37 ± 0.14 1.08 ± 0.11
Mature 1.10 ± 0.12 1.07 ± 0.14 1.10 ± 0.12 1.07 ± 0.10 1.08 ± 0.11

i Disease severity scored on a 0 to 5 scale with 0 5 no symptoms, 5 5 more than 50% leaf area covered in necrotic lesions.
ii Standard error among three repeated experiments.
iii First leaf 5 first set of true leaves, second leaf 5 second set of true leaves, mature 5 four to five sets of true leaves.
iv Significant difference to Mature growth stage within each accession according to Dunn’s test (alpha 5 0.05).
DPI 5days post-inoculation.

Fig. 1. Mean bacterial leaf spot severity score of three basil accessions at different growth stages. 1Severity Score calculated as mean of 30 plants from 3 to
6 d post-inoculation. 2Lettuce Leaf 5 Ocimum basilicum, Mrs. Burns’ Lemon 5 Ocimum africanum, RUGBX 88 5 Ocimum spp.
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displayed varying disease severity at 3 DPI
when ratings were initiated that continued as
the disease progressed (Fig. 2). The basil culti-
vars ‘Queen of Sheba’ (2.28) and ‘Boxwood’
(2.42) displayed the lowest susceptibility, al-
though neither replicated the response of the

highly resistant control BX (0.99). The most
susceptible cultivars were the two Thai basils
‘Siam Queen’ (4.65) and ‘Oriental Magic’
(4.6), both with higher ratings than the suscep-
tible control LL (4.1). A majority of the
screened cultivars displayed a high level of

susceptibility with severity scores ranging
from 3.0 to 3.5. This pathogenicity screening
data indicate that there is substantial variation
in susceptibility to P. cichorii infection within
current commercial cultivars, but complete re-
sistance may not exist. For practicable breeding
purposes, we consider accessions with severity
scores ranging from 2.5 to 5.0 to be highly sus-
ceptible, and thus they should not be used in
BLS-resistance breeding programs. It is recom-
mended to focus on breeding individuals with
mean severity scores at 2.0 or below, with the
rare inclusion of individuals from 2.0 to 2.5.
The 2.0 cutoff score ensures the exclusion of
accessions that develop large necrotic lesions
and maintains those that display limited dis-
ease severity while not forcing selection
only to highly resistant individuals who
likely reside outside of O. basilicum.

The BX (O. spp.) highly resistant control
used in this study does not readily intercross
with O. basilicum species. Occasionally, these
species barriers can be overcome with laborious
tissue culture techniques such as embryo rescue
(Ben-Naim et al. 2018). The Ocimum genus is
known to have high amounts of diversity,
admixture, and interspecies crossing events
(Carovi�c-Stanko et al. 2011; Gurav et al.
2020; Matthew et al. 2022; Pyne et al. 2018;
Vieira et al. 2003). Thus, integrating resis-
tance genes from the broader Ocimum genus
is possible but challenging. The taxonomic
identification of resistant germplasm within
the Ocimum genus will be crucial for future
successful breeding programs. It should be
noted that ‘RUGBX 88’ phenotypically dis-
plays traits found in O. gratissimum, O. teniflo-
rum, and O. americanum, although genetic
identification for speciation of ‘RUGBX 88’ has
not yet been completed. Nonetheless, this exotic
basil line exhibits a high level of BLS resis-
tance, emphasizing the utility and applicability
of the disease screening methodology indepen-
dent of host species.

The results of this study demonstrate that
evaluation of BLS disease severity of basil
germplasm at the second true leaf stage is rep-
licable, streamlined, and comparable to mature
plant responses. Given the ephemeral nature of
BLS, field-level pathogenicity screenings are
not reliable predictors of resistance because of
the nonuniform dispersion and distribution in
cultivated fields. Furthermore, the time, resour-
ces, and personnel required to screen acces-
sions in the field is far greater than greenhouse
evaluations. This rapid greenhouse approach
uses a controlled high disease pressure en-
vironment, allowing for consistent inocula-
tions and effective symptom development.
This replicable and high throughput method
allows for the screening of large germplasm
collections for BLS resistance and is a crucial
tool in the evaluation of breeding lines and
their progeny.
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Fig. 2. Bacterial leaf spot progression from 0 to 6 d post-inoculation across two Rutgers coded
O. basilicum Accessions RUGBX-127 (left) and RUGBX-128 (right).

Table 2. Susceptibility to bacterial leaf spot for a selection of commercial basil cultivars at the second
true leaf stage.

Accession information

Name Source Avg disease severityi

RUGBX 88 Rutgers University 0.99 ± 0.07
Queen of Sheba Hazzard’s Seeds 2.28 ± 0.25
Boxwood Hazzard’s Seeds 2.42 ± 0.07
Profumo Territorial Seed Co. 2.55 ± 0.11
Profumo di Genova Renee’s Garden 2.55 ± 0.19
Aurelia Renee’s Garden 2.58 ± 0.31
Amethyst Improved Johnny’s Selected Seeds 2.75 ± 0.23
Mrs. Burns’ Lemon Richters Herbs 2.84 ± 0.07
Italian Large Leaf Pinetree Seeds 2.85 ± 0.08
Geno-Pro Hazzard’s Seeds 2.90 ± 0.10
Oriental Magic Hazzard’s Seeds 2.90 ± 0.06
Everleaf Emerald Towers Harris Seeds 2.95 ± 0.07
Prospera 2 Johnny’s Selected Seeds 3.01 ± 0.07
Red Rubin Johnny’s Selected Seeds 3.02 ± 0.19
Rutgers’ Obsession KBC 3.04 ± 0.09
Dwarf Greek Hazzard’s Seeds 3.08 ± 0.08
Persian Zing Hazzard’s Seeds 3.08 ± 0.13
Crimson King Hazzard’s Seeds 3.17 ± 0.12
Superbo Dalponte Farms 3.21 ± 0.09
Italian Mountain Sweet Adaptive Seeds 3.22 ± 0.09
Red Rosie High Mowing Seeds 3.25 ± 0.11
Red Boza Hazzard’s Seeds 3.38 ± 0.11
Aroma 2 Johnny’s Selected Seeds 3.42 ± 0.12
Rutgers’ Devotion KBC 3.42 ± 0.11
Columnar Hazzard’s Seeds 3.45 ± 0.25
Deep Purple High Mowing Seeds 3.45 ± 0.20
Queenette Thai Renee’s Garden 3.45 ± 0.06
Siracusa Adaptive Seeds 3.45 ± 0.10
Aromatto Hazzard’s Seeds 3.50 ± 0.16
Red Freddy Genovese Hazzard’s Seeds 3.52 ± 0.13
Amelia NE Seed 3.55 ± 0.15
Golden Mountain Sweet Thai Adaptive Seeds 3.72 ± 0.11
Licorice Pinetree Seeds 3.88 ± 0.07
Red Crimson Richters Herbs 3.98 ± 0.16
Lettuce Leaf Urban Farmer 4.10 ± 0.09
Goddess Hazzard’s Seeds 4.45 ± 0.08
Oriental Breeze Hazzard’s Seeds 4.60 ± 0.08
Siam Queen Renee’s Garden 4.65 ± 0.11
Mean 3.23
Median 3.21
Range 3.66
iMean score of 10 plants from 3 to 6 d post-inoculation with standard error between sample means.
Scale: 0 5 no symptoms, 5 5 More than 50% leaf area covered in lesions.

372 HORTSCIENCE VOL. 60(3) MARCH 2025

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-19 via O
pen Access. This is an open access article distributed under the C

C
 BY-N

C
license (https://creativecom

m
ons.org/licenses/by-nc/4.0/). https://creativecom

m
ons.org/licenses/by-nc/4.0/

https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2


Ben-Naim Y, Falach L, Cohen Y. 2015. Resistance
against basil downy mildew in Ocimum spe-
cies. Phytopathology. 105(6):778–785. https://
doi.org/10.1094/PHYTO-11-14-0295-R.

Ben-Naim Y, Falach L, Cohen Y. 2018. Transfer
of downy mildew resistance from wild basil
(Ocimum americanum) to sweet basil (O. basi-
licum). Phytopathology. 108(1):114–123. https://
doi.org/10.1094/PHYTO-06-17-0207-R.

Bull CT, Goldman PH, Hayes R, Madden LV,
Koike ST, Ryder E. 2007. Genetic diversity of
lettuce for resistance to bacterial leaf spot
caused by Xanthomonas campestris pv. vitians.
Plant Health Prog. 8(1):11. https://doi.org/10.1094/
PHP-2007-0917-02-RS.

Burgess SM, Lawson BO, Miller JW. 1986. Leaf
spot and blight of basil, Ocimum basilicum
caused by Pseudomonas cichorii. Florida State
Hort Soc Proc. 99:249–251.

Camacho C, Coulouris G, Avagyan V, Ma N,
Papadopoulos J, Bealer K, Madden TL. 2009.
BLAST1: Architecture and applications. BMC
Bioinformatics. 10:421. https://doi.org/10.1186/
1471-2105-10-421.

Carovi�c-Stanko K, Liber Z, Politeo O, Striki�c F,
Kolak I, Milos M, Satovic Z. 2011. Molecular
and chemical characterization of the most
widespread Ocimum species. Plant Syst Evol.
294(3-4):253–262. https://doi.org/10.1007/s00606-
011-0471-x.

Cottyn B, Baeyen S, Pauwelyn E, Verbaendert I,
De Vos P, Bleyaert P, H€ofte M, Maes M.
2011. Development of a real-time PCR assay
for Pseudomonas cichorii, the causal agent of
midrib rot in greenhouse-grown lettuce, and its
detection in irrigating water. Plant Pathol.
60(3):453–461. https://doi.org/10.1111/j.1365-
3059.2010.02388.x.

Dinno A. 2017. Dunn.test: Dunn’s test of multiple
comparisons using rank sums. R package ver-
sion 1.3.5 https://CRAN.R-project.org/package=
dunn.test. [accessed 25 Apr 2024].

Food and Agriculture Organization of the United
Nations and World Health Organization. 2017.
Joint FAO/WHO Food Standards Programme
Codex Committee on Spices and Culinary Herbs
3rd Session. Codex Alimentarius Commission.

Gupta S, Srivastava A, Shasany AK, Gupta AK.
2018. Genetics, cytogenetics, and genetic diver-
sity in the genus Ocimum, p 73–87. In: Shasany
AK, Kole C (eds). The Ocimum Genome.
Springer International Publishing.

Gurav TP, Jayaramaiah RH, Punekar SA, Dholakia
BB, Giri AP. 2020. Generation of novelties in
the genus Ocimum as a result of natural hybrid-
ization: A morphological, genetical and chemi-
cal appraisal. Ind Crops Prod. 156:112859.
https://doi.org/10.1016/j.indcrop.2020.112859.

Hayes RJ, Trent MA, Mou B, Simko I, Gebben
SJ, Bull CT. 2014a. Baby leaf lettuce germ-
plasm enhancement: Developing diverse popu-
lations with resistance to bacterial leaf spot
caused by Xanthomonas campestris pv. vitians.
HortScience. 49(1):18–24. https://doi.org/10.21273/
HORTSCI.49.1.18.

Hayes RJ, Trent MA, Truco MJ, Antonise R,
Michelmore RW, Bull CT. 2014b. The

inheritance of resistance to bacterial leaf spot
of lettuce caused by Xanthomonas campestris
pv. vitians in three lettuce cultivars. Hortic
Res. 1:14066. https://doi.org/10.1038/hortres.
2014.66.

Hikichi Y, Wali UM, Ohnishi K, Kiba A. 2013.
Mechanism of disease development caused by
a multihost plant bacterium, Pseudomonas ci-
chorii, and its virulence diversity. J Gen Plant
Pathol. 79(6):379–389. https://doi.org/10.1007/
s10327-013-0461-7.

Holcomb GE, Cox PJ. 1998. First report of basil
leaf spot caused by Pseudomonas cichorii in
Louisiana and Cultivar Screening Results. Plant
Dis. 82(11):1283–1283. https://doi.org/10.1094/
PDIS.1998.82.11.1283D.

Hseu SH, Sung CJ, Tsai SF, Hsu SY. 2013. Oc-
currence and identification of bacterial leaf spot
of basil found in Taiwan. Taiwan Phytopathol
Soc. 22(2):93–103.

Kandel JS, Sandoya GV, Zhou W, Read QD, Mou
B, Simko I. 2022. Identification of quantitative
trait loci associated with bacterial leaf spot re-
sistance in baby leaf lettuce. Plant Dis. 106(10):
2583–2590. https://doi.org/10.1094/PDIS-09-21-
2087-RE.

Kanehashi K, Ebihara Y, Uematsu S, Negishi H,
Matsuyama N, Suyama K. 2006. Bacterial
black spot of basil caused by Pseudomonas ci-
chorii (Swingle 1925) Stapp1928, newly found
in Japan. Tokyo Univ Agric Bull. 51(1):14–20.

Lane DJ. 1991. 16S/23S rRNA sequencing,
p 115–175. In: Stackebrandt E, Goodfellow M
(eds). Nucleic acid techniques in bacterial system-
atics. JohnWiley& Sons, NewYork, NY, USA.

Lu H, Raid R. 2013. A novel screening method for
evaluation of lettuce germplasm for bacterial leaf
spot resistance. HortScience. 48(2):171–174.
https://doi.org/10.21273/HORTSCI.48.2.171.

Luiz BC, Heller WP, Brill E, Bushe BC, Keith
LM. 2018. First report of bacterial leaf spot
caused by Pseudomonas cichorii on Thai basil
in Hawaii. Plant Dis. 102(12):2637–2637. https://
doi.org/10.1094/PDIS-06-18-0995-PDN.

Matthew JO, Oziegbe M, Azeez SO, Ajose TE,
Okoyo ME. 2022. Polyploidization and specia-
tion: Patterns of natural hybridization and gene
flow in basil (Ocimum spp.). Not Sci Biol.
14(3):11289. Article 3. https://doi.org/10.55779/
nsb14311289.

McGovern RJ. 2023. Diseases of basil, p 1–36. In:
Elmer WH, McGrath M, McGovern RJ (eds).
Handbook of vegetable and herb diseases. Springer
International Publishing, Cham, Switzerland.
https://doi.org/10.1007/978-3-030-35512-8_38-1.

Moreira ZPM, dos Santos PO, de Oliveira TAS,
de Souza JT. 2015. Occurrence of basil leaf
spot caused by Pseudomonas cichorii in Bahia
State, Brazil. Summa Phytopathol. 41(1):73–73.
https://doi.org/10.1590/0100-5405/2041.

Patel N, Kobayashi DY, Noto AJ, Baldwin AC,
Simon JE, Wyenandt CA. 2019. First report of
Pseudomonas cichorii causing bacterial leaf
spot on sweet basil (Ocimum basilicum) in
New Jersey. Plant Dis. 103(10):2666–2666.
https://doi.org/10.1094/PDIS-04-19-0895-PDN.

Pauwelyn E, Vanhouteghem K, Cottyn B, De Vos P,
Maes M, Bleyaert P, H€ofte M. 2011. Epidemiol-
ogy of Pseudomonas cichorii, the cause of lettuce
midrib Rot. J Phytopathol. 159(4):298–305.
https://doi.org/10.1111/j.1439-0434.2010.
01764.x.

Pyne RM, Honig JA, Vaiciunas J, Wyenandt CA,
Simon JE. 2018. Population structure, genetic diver-
sity and downy mildew resistance among Ocimum
species germplasm. BMC Plant Biol. 18(1):69.
https://doi.org/10.1186/s12870-018-1284-7.

Pyne RM, Koroch AR, Wyenandt CA, Simon JE.
2014. A rapid screening approach to identify
resistance to basil downy mildew (Peronospora
belbahrii). HortScience. 49(8):1041–1045. https://
doi.org/10.21273/HORTSCI.49.8.1041.

Pyne RM, Koroch AR, Wyenandt CA, Simon
JE. 2015. Inheritance of resistance to downy
mildew in sweet basil. J Am Soc Hortic Sci.
140(5):396–403. https://doi.org/10.21273/JASHS.
140.5.396.

R Core Team. 2022. R: A language and environ-
ment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. https://
www.R-project.org/.

Sandoya GV, Maisonneuve B, Truco MJ, Bull CT,
Simko I, Trent M, Hayes RJ, Michelmore RW.
2019. Genetic analysis of resistance to bacterial
leaf spot in the heirloom lettuce cultivar Reine
des Glaces. Mol Breeding. 39(12):160. https://
doi.org/10.1007/s11032-019-1072-6.

Schaad NW, Jones JB, Chun W. 2001. Laboratory
guide for the identification of plant pathogenic
bacteria (3rd ed). The American Phytopatho-
logical Society, St. Paul, MN, USA.

Simon JE, Morales MR, Phippen WB, Vieira RF,
Hao Z. 1999. Basil: A source or aroma com-
pounds and a popular culinary and ornamental
herb, p 499–505. In: Janeck J (ed). Perspectives
on new crops and new uses. ASHS Press,
Alexandria, VA, USA.

Simon JE, Quinn J, Murray RG. 1990. Basil: A
source of essential oils, p 484–489. In: Janick J,
Simon JE (eds). Advances in new crops. Timber
Press, Portland, OR, USA.

Vieira RF, Goldsbrough P, Simon JE. 2003. Genetic
diversity of basil (Ocimum spp.) based on RAPD
markers. J Am Soc Hortic Sci. 128(1):94–99.
https://doi.org/10.21273/JASHS.128.1.0094.

Webb C, Speers C, Ruhl G, Creswell T. 2016. First
report of bacterial leaf spot caused by Pseudo-
monas cichorii on sweet basil (Ocimum basili-
cum) in Indiana. Plant Dis. 100(6):1232–1232.
https://doi.org/10.1094/PDIS-06-15-0634-PDN.

Wick R. 2021. Basil—Pseudomonas. University of
Massachusetts Amherst, UMass Extension Green-
house Crops and Floriculture Program, Center for
Agriculture, Food, and the Environment. https://
ag.umass.edu/greenhouse-floriculture/photos/
basil-pseudomonas. [accessed 25 Apr 2024].

Wyenandt CA, Simon JE, Pyne RM, Homa K,
McGrath MT, Zhang S, Raid RN, Ma L-J,
Wick R, Guo L, Madeiras A. 2015. Basil
downy mildew (Peronospora belbahrii): Dis-
coveries and challenges relative to its control.
Phytopathology. 105(7):885–894. https://doi.
org/10.1094/PHYTO-02-15-0032-FI.

HORTSCIENCE VOL. 60(3) MARCH 2025 373

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-19 via O
pen Access. This is an open access article distributed under the C

C
 BY-N

C
license (https://creativecom

m
ons.org/licenses/by-nc/4.0/). https://creativecom

m
ons.org/licenses/by-nc/4.0/

https://doi.org/10.1094/PHYTO-11-14-0295-R
https://doi.org/10.1094/PHYTO-11-14-0295-R
https://doi.org/10.1094/PHYTO-06-17-0207-R
https://doi.org/10.1094/PHYTO-06-17-0207-R
https://doi.org/10.1094/PHP-2007-0917-02-RS
https://doi.org/10.1094/PHP-2007-0917-02-RS
https://doi.org/10.1186/1471-2105-10-421
https://doi.org/10.1186/1471-2105-10-421
https://doi.org/10.1007/s00606-011-0471-x
https://doi.org/10.1007/s00606-011-0471-x
https://doi.org/10.1111/j.1365-3059.2010.02388.x
https://doi.org/10.1111/j.1365-3059.2010.02388.x
https://CRAN.R-project.org/package=dunn.test
https://CRAN.R-project.org/package=dunn.test
https://doi.org/10.1016/j.indcrop.2020.112859
https://doi.org/10.21273/HORTSCI.49.1.18
https://doi.org/10.21273/HORTSCI.49.1.18
https://doi.org/10.1007/s10327-013-0461-7
https://doi.org/10.1007/s10327-013-0461-7
https://doi.org/10.1094/PDIS.1998.82.11.1283D
https://doi.org/10.1094/PDIS.1998.82.11.1283D
https://doi.org/10.1094/PDIS-09-21-2087-RE
https://doi.org/10.1094/PDIS-09-21-2087-RE
https://doi.org/10.21273/HORTSCI.48.2.171
https://doi.org/10.1094/PDIS-06-18-0995-PDN
https://doi.org/10.1094/PDIS-06-18-0995-PDN
https://doi.org/10.55779/nsb14311289
https://doi.org/10.55779/nsb14311289
https://doi.org/10.1007/978-3-030-35512-8_38-1
https://doi.org/10.1590/0100-5405/2041
https://doi.org/10.1094/PDIS-04-19-0895-PDN
https://doi.org/10.1111/j.1439-0434.2010.01764.x
https://doi.org/10.1111/j.1439-0434.2010.01764.x
https://doi.org/10.1186/s12870-018-1284-7
https://doi.org/10.21273/HORTSCI.49.8.1041
https://doi.org/10.21273/HORTSCI.49.8.1041
https://doi.org/10.21273/JASHS.140.5.396
https://doi.org/10.21273/JASHS.140.5.396
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1007/s11032-019-1072-6
https://doi.org/10.1007/s11032-019-1072-6
https://doi.org/10.21273/JASHS.128.1.0094
https://doi.org/10.1094/PDIS-06-15-0634-PDN
https://ag.umass.edu/greenhouse-floriculture/photos/basil-pseudomonas
https://ag.umass.edu/greenhouse-floriculture/photos/basil-pseudomonas
https://ag.umass.edu/greenhouse-floriculture/photos/basil-pseudomonas
https://doi.org/10.1094/PHYTO-02-15-0032-FI
https://doi.org/10.1094/PHYTO-02-15-0032-FI

