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Abstract

In 2016, bacterial canker symptoms, often with dried ooze, were observed on Salix alba
plants in municipal lands and parks in Kerman and Fars provinces, Iran. To determine the
causative agent, samples were collected from symptomatic trees, and macerates of the affected bark tissues were plated on sucrose nutrient agar (SNA). Ten isolates were identified
by phenotypic characterization, pathogenicity tests, and two of them further confirmed
identity using sequence analysis of the partial of 16S rRNA and gyrB genes, and phylogenetic analysis. The isolates showed the highest identity (99–100%) with Brenneria salicis. To
our knowledge, this is the first report of watermark disease on S. alba caused by B. salicis
in Iran.
Keywords: Brenneria salicis, Enterobacteriaceae, white willow, Multilocus sequencing
analysis

White willow (Salix alba) is a medicinal plant native
to Europe. In the past, watermark disease (WMD) has
been described in various countries such as, England,
the Netherlands, Belgium and Japan (Huvenne et al.
2009; Grosso et al. 2011). ‘Watermark’ refers to the
high moisture content of the wood caused by disturbances in water conductivity (Huvenne et al. 2009). It
is one of the most important bacterial diseases of willow (Meas et al. 2002). The causal agent of WMD in
Salix spp. is the Gram-negative facultative anaerobic
bacterium, Brenneria salicis (Hauben et al. 1998; Meas
et al. 2009).
During the spring of 2016, canker like symptoms
were observed on white willow trees in municipal lands
and parks in Kerman and Fars provinces, Iran (with
incidence of 20%). The diseased plants had wilting
branches and cankers on the stem (Fig. 1A) and trunk
which almost always were associated with dried ooze
(Fig. 1B, C). There were brown to black lesions under
the cankers. Samples (a total of 10 infected samples

from 10 plants) from branches of infected white willows were collected and transferred to a laboratory
of phytobacteriology. Isolation of bacteria was done
according to conventional bacteriological methods
(Borkar 2017). Briefly, the segments of infected tissues
were crushed in mortars with 10 ml of sterile distilled
water (SDW). Loopfuls of the resulting suspensions
were plated on sucrose nutrient agar (SNA), and the
plates were incubated at 26 ± 1°C for 2–4 days. Ten
isolates of the bacterium were obtained and they were
described phenotypically, according to the standard
microbiological methods described by Schaad et al.
(2001). The colonies were 1–2 mm in diameter on SNA
medium after 2 days at 26 ± 1°C, with an entire margin, and were circular, convex and shiny. The bacterial
isolates were kept at –80°C in a (40% v/v) glycerol solution. Based on the phenotypic characterization, bacterial isolates in the present study formed a homogeneous group. The characteristics of these isolates such
as no growth at 37°C, arginine dihydrolase, hydrolysis
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Fig. 1. Symptoms of watermark disease on white willow (Salix alba) caused by Brenneria salicis in Iran: A – bark canker symptoms
with dried ooze on the stem under natural conditions; B – typical wounds on the trunk; C – brownish and sticky liquid ooze from
wounds in the bark; D – dark lesion observed 2 months after inoculation of a bacterial suspension of isolate BI1 on stem of white
willow (1-year-old)

of starch, gelatin and arbutin, utilization of cellobiose
and tartrate, acid production from sucrose, glucose
and mannitol, corresponded well with B. salicis, except tests for D-galactose and D-lactose (Sakamoto
et al. 1999; Denman et al. 2012). The phenotypic and
biochemical characteristics of our willow isolates, and
reference strains of B. salicis that were pathogenic to

white willow plants, are compared in Table 1. Inoculation of bacterial suspensions (all 10 bacterial isolates)
containing approximately 107colony-forming units per
milliliter (CFU ∙ ml–1), into geranium (Pelargonium
× hortorum) gave a positive hypersensitive reaction
(Fig. 2) (Klement et al. 1990). The leaves infiltrated
with sterile water served as a negative control. Under
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Table 1. Biochemical and phenotypic features of 10 bacterial isolates from watermark disease of white willow (Salix alba) in Iran, and
Brenneria salicis strains taken from Sakamoto et al. 1999, and Denman et al. 2012
Characteristics

Present
isolates*

Brenneria
salicis**

Organic
compound

Present
isolates

Brenneria
salicis

Gram reaction

−

−

D-Xylulose

−

ND

Oxidase

−

−

D-Sorbitol

−

−

Catalase

+

+

D-Lactose

−

+

Oxidative/fermentative

+

+

L-Arabinose

−

−

Levan

+

+

D-Fructose

+

+

NaCl 2% tolerance

+

+

Sucrose

+

+

Fluorescent pigment

−

−

D-Glucose

+

+

Pigment in EMB

+

ND

D-Galactose

+

−

Esculin hydrolysis

+

+

Mannitol

+

+

Starch hydrolysis

−

−

Raffinose

+

+

Gelatin hydrolysis

−

−

L-Ornithine

−

−

Arbutin hydrolysis

−

−

L-Arginine

−

−

Tween 80 hydrolysis

−

−

L-Tartrate

−

−

Urease

−

−

Glycerol

+

+

Nitrate reduction

+

+

Maltose

−

−

Cellobiose

−

−

Arginine dihydrolase

−

−

H2S from cysteine

+

+

H2S from peptone

+

+

Indole production

−

−

Potato soft rot

−

−

Tyrosinase

−

−

Phenylalanine deaminase

−

−

Growth at 37°C

−

−

(+) – positive reaction; (−) – negative reaction; ND – not determinate
*the author’s data; **data from Sakamoto et al. 1999, and Denman et al. 2012

Fig. 2. Hypersensitive reaction (HR) on geranium (Pelargonium
× hortorum) observed 24 h after inoculation of Brenneria salicis
isolates (BI1, BI7 and BI10); (C-) – negative control (distilled water
inoculation)

glasshouse conditions (25°C and 60% humidity), pathogenicity of all 10 isolates was confirmed by injecting
100 µl of bacterial suspension (1 × 107 CFU ∙ ml–1)
using a sterile syringe into young twigs of white willow plants (1-year-old) (Khodaygan and Habibi 2019).
Sterile distilled water was used as a negative control.
Dark lesions were observed 2 months after inoculation, which enlarged in size and changed color with
time (Fig. 1D). The negative control (distilled water
inoculation) did not develop any symptoms. To fulfill Koch’s postulates, re-isolations performed on SNA
medium from seedlings with symptoms consistently
yielded typical transparent-to-white-colored bacterial colonies that were identical in appearance to those
used for the inoculations. These isolates were identified as B. salicis based on colony morphology and
phenotypic characteristics and showed pathogenicity
when re-inoculated into white willow plants (1-year-old). One of the isolates was deposited in the Culture
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Brenneria roseae subsp. americana USA 32

100

Brenneria roseae subsp. americana UsA 52b

100

Brenneria roseae subsp. roseae BH 1/43f

63

100

Brenneria roseae subsp. roseae BH 1/43d

Brenneria salicis LMG 2698T
96

BI1

100
99

BI10
Brenneria rubrifaciens LMG 2709

100
100

Brenneria rubrifaciens LMG 5118

Brenneria nigrifluens LMG 2694
Brenneria nigrifluens LMG 5956
100

85

Brenneria alni NCPPB 3835
Brenneria alni NCPPB 3935
100

59

Brenneria populi G2-2-2
Brenneria populi D9-5

77

Brenneria goodwinii LMG 26272
100

Brenneria goodwinii LMG 26270
Erwinia amylovora LMG 2085

0.02

Fig. 3. Neighbor-joining phylogeny of gyrB gene in Brenneria salicis strains obtained in this study. This indicates the relationship among
the isolates BI1 and BI10 obtained from watermark disease in Kerman and Fars provinces of Iran and Brenneria species. Numbers on the
branches indicate bootstrap values. Erwinia amylovora strain LMG 2085 was used to root the tree

Collection of Microorganisms at the Vali-E-Asr University of Rafsanjan (VRU 1864), Iran. Two representative pathogenic isolates were chosen to perform molecular identification. Genomic DNAs were extracted
by the CTAB (cetyltrimethylammonium bromide)
method with slight modification (Ausuble et al. 1992;
Basavand et al. 2020). Universal primer pairs FD1
(5′-AGAGTTTGATCCTGGCTCAG-3′) and RD1
(5′-AAGGAGGTGATCCAGCC-3′) were used for the
16S rRNA (Weisburg et al. 1991). Furthermore, the partial gyrB gene (DNA gyrase subunit B) was amplified
using primer pairs reported by Brady et al. (2008). The
gyrB gene was chosen because it has been widely used
to resolve the phylogeny of Enterobacteriales members.
Furthermore, it is often used as a reference gene to accurately identify Brenneria species (Brady et al. 2012)
The polymerase chain reaction (PCR) was done using
a T-100 (Applied Biosystem) thermal cycler in 25 μl final
volume mixtures containing 12.5 μl 2X Taq DNA PCR
master mix (Odense, Denmark), 0.2 μM of each primer
and 2 μl of template DNA. The 16S rRNA, and gyrB
genes were amplified according to Weisburg et al. (1991)
and Brady et al. (2008), respectively. The PCR products
were visualized on 1.5% agarose gel. Fragments of 1400
bp for 16S rRNA and 744 bp for gyrB were sequenced by
Macrogen Corporation, Daejeon (South Korea).
The nucleotide sequences (GenBank accession
numbers MT320015 and MT320019 for 16S rRNA,
MW447112 and MW447113 for gyrB) were compared

with those deposited in NCBI database by the BLAST
software. Sequence analyses demonstrated that the
isolates have highest similarity (99–100%) with
B. salicis. Sequences of Brenneria species were taken
from the GenBank and a phylogenetic tree was constructed based on the 16S rRNA and gyrB using
MEGA 7.0 with the Neighbor joining method (Kumar
et al. 2016). Consequently, phylogenetic analysis of the
16S rRNA gene sequences confirmed the strains as
B. salicis (data not shown). Furthermore, the phylogenetic analysis using the gyrB (Fig. 3) confirmed that
the representative isolates (BI1 and BI10) were phylogenetically within the B. salicis clade. Taken together,
these data reveal that the isolated strains which cause
watermark disease on S. alba trees are B. salicis. To our
knowledge, this is the first report of B. salicis as the
cause of bacterial watermark disease of S. alba in Iran.
The high prevalence of watermark disease has caused
severe damage to S. alba in Iranian municipal lands
and parks. Therefore, more research on the pathogen
and management of the disease is required.
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