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Abstract

The cultivation of flowers and ornamental plants in greenhouses plays a significant role in the
country’s economy through income generation and exportation. Bacterial pathogens, particularly leaf
spot-causing species, can lead to severe damage, resulting in complete yield loss. Plants of the Araceae
family are highly susceptible to these pathogens, yet research on this issue remains limited. Sampling
was carried out on Araceae plants exhibiting leaf spot symptoms in various commercial greenhouses.
Infected samples were cultured on nutrient agar medium, and 20 bacterial strains were isolated,
purified, and preserved for pathogenicity and identification assays. Pathogenicity tests were performed
on susceptible hosts, such as Epipremnum aureum (Pothos), Aglaonema treubii, and Syngonium
podophyllum, which confirmed the virulence of selected strains. For identification, phenotypic
characterizations such as fluorescent pigment production on King's B medium, LOPAT tests (Levan
production, Oxidase activity, Potato soft rot, Arginine dihydrolase activity, and Tobacco
hypersensitivity), carbon and energy utilization patterns, and sequencing of the 16S rRNA gene and
housekeeping genes rpoD and recA were examined. Phenotypic and molecular data showed that the
tested strains belonged to Pseudomonas aeruginosa. Based on the available literature, this is the first
report of P. aeruginosa pathogenicity on plants from the Araceae family in Iran.
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Introduction

The Araceae family, encompassing more than 3,700 species in 144 genera, constitutes one of the most important
plant families in terms of ecology and economy. In addition to their ecological roles, many members of this family
serve as valuable ornamental plants cultivated for aesthetic and commercial purposes. Species such as Spathiphyllum
wallisii, Monstera deliciosa, Zamioculcas zamiifolia, Aglaonema treubii, Epipremnum aureum, Philodendron sp.,
and Syngonium podophyllum are among the most popular houseplants worldwide. In Iran, ornamental plant
production has expanded significantly, with approximately 7,800 hectares under cultivation and an annual yield
exceeding 4 billion cut flowers and 120 million potted plants. This expansion has positioned Iran among the leading
producers of ornamental plants in Asia.

However, bacterial diseases constitute a major constraint on the sustainable production of these plants. Among them,
species of the genus Pseudomonas are particularly destructive. These bacteria, comprising more than 140 recognized
species, are capable of causing a wide range of plant diseases such as leaf spot, blight, and soft rot. Previous studies
have reported Pseudomonas cichorii, P. marginalis, and P. aeruginosa as causative agents of foliar blight and leaf
spot diseases in various ornamental Araceae species. The symptoms typically manifest as necrotic lesions
surrounded by chlorotic haloes, which reduce photosynthetic efficiency and, under conducive conditions, lead to
extensive tissue necrosis and plant death. Despite their significance, the distribution, pathogenicity, and molecular
characterization of Pseudomonas spp. infecting ornamental Araceae in Iran remain poorly understood. The present
study therefore aimed to isolate, identify, and characterize the causal agents of bacterial leaf spot and blight from
symptomatic Araceae species and to confirm their pathogenicity using both phenotypic and molecular approaches.

Materials and Methods

Symptomatic leaves exhibiting bacterial leaf spot or blight were collected between 2019 and 2021 from various
commercial greenhouses in Hamedan, Markazi, Khuzestan, Tehran, Golestan, Semnan, and Yazd provinces.
Twenty infected samples from different ornamental species were collected and documented with relevant data,
including host species, location, and date of collection. Samples were surface sterilized in 1% sodium hypochlorite
for 30 seconds, rinsed with sterile distilled water, and sections from the lesion margins were macerated in sterile
water for 20 minutes. Suspensions were plated on nutrient agar (NA) and incubated at 28 °C for 48 hours. Colonies
exhibiting fluorescent pigmentation under ultraviolet light on King’s B agar were selected as putative Pseudomonas
isolates.

Phenotypic characterization was carried out following standard bacteriological protocols, including the assessment
of Gram reaction, oxidase and catalase activities, levan and arginine dihydrolase production, citrate utilization, and
carbohydrate fermentation (sorbitol, mannitol, arabinose, and xylose). Growth in different sodium chloride
concentrations (3% and 5%), gelatin hydrolysis, H,S production, and starch degradation were also tested. The
hypersensitive response (HR) assay was conducted on tobacco (Nicotiana tabacum) and geranium (Pelargonium
sp.) leaves by injecting bacterial suspensions (108 CFU/mL) into the mesophyll. Localized necrosis observed within
24-48 hours was interpreted as a positive HR reaction.

Pathogenicity tests were performed on healthy specimens of Epipremnum aureum, Aglaonema treubii, and
Syngonium podophyllum grown under controlled conditions (25 = 1 °C, 85% relative humidity, a 12-hour
photoperiod). Leaves were infiltrated with bacterial suspensions at a concentration of 108 CFU/mL using an insulin
syringe, and sterile water served as a control. Plants were enclosed in polyethylene bags for 48 hours to maintain
humidity, and symptom development was monitored for up to 20 days. Re-isolation from symptomatic tissue
confirmed fulfillment of Koch’s postulates.

Genomic DNA was extracted using the alkaline lysis method. The 16S rRNA, recA, and rpoD genes were amplified
by polymerase chain reaction (PCR) using specific primers. Amplified products were visualized on 1% agarose gels
stained with ethidium bromide, and those of expected size were sequenced. Sequences were analyzed using
BLASTN and aligned with reference sequences using ClustalW. Phylogenetic analyses were conducted in MEGA
version 7 using the neighbor-joining method with 1,000 bootstrap replications and the Kimura 2-parameter model.

Discussion of Results & Conclusions

A total of twenty fluorescent, Gram-negative isolates were obtained from diseased Araceae plants collected from
different regions of Iran. All isolates produced smooth, mucoid colonies on nutrient agar and fluorescent pigment
on King’s B agar. They exhibited positive oxidase and catalase activities, levan and arginine dihydrolase production,
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and utilized citrate as a sole carbon source. They did not produce H,S, did not hydrolyze starch, but hydrolyzed
gelatin and Tween 20/80. All isolates grew in media containing up to 5% NacCl, confirming moderate halotolerance.

Pathogenicity assays demonstrated typical bacterial leaf spot symptoms on Epipremnum aureum, Aglaonema
treubii, and Syngonium podophyllum. Initial water-soaked lesions (1-2 mm) developed within 72 hours of
inoculation, enlarging to 5-10 mm necrotic spots with yellow halos by the tenth day. Severe infections resulted in
coalescing lesions and widespread necrosis after fifteen days. Control plants remained asymptomatic, confirming
that symptom development was caused by the inoculated bacteria.

PCR amplification produced expected amplicons of approximately 1,500 bp for 16S rRNA and 600 bp for each of
the recA and rpoD genes. Sequence analysis revealed 97-99% identity with Pseudomonas aeruginosa reference
strains available in the NCBI database. Phylogenetic trees constructed for individual and concatenated gene
sequences clustered the isolates (PE1, PE2, and PE3) within a robustly supported clade (bootstrap > 99%) of P.
aeruginosa, confirming their taxonomic identity.

This study provides the first evidence that Pseudomonas aeruginosa is responsible for bacterial leaf spot and blight
on ornamental Araceae species in Iran. The identification of P. aeruginosa expands its known host range and
geographic distribution. The isolates’ phenotypic profiles were consistent with those of reference P. aeruginosa
strains, although minor variations in carbohydrate utilization suggest adaptive diversity within the species. Such
variability may reflect environmental selection or host-specific interactions.

The application of multilocus sequence analysis (MLSA) based on 16S rRNA, recA, and rpoD genes proved
essential for precise species identification. While 16S rRNA is highly conserved and useful for genus-level
classification, it lacks the discriminatory power required to distinguish closely related Pseudomonas taxa. The
inclusion of housekeeping genes such as recA and rpoD, which exhibit moderate evolutionary rates, enhances
phylogenetic resolution and reduces the risk of misidentification. This approach aligns with recent taxonomic
recommendations for accurate identification of fluorescent Pseudomonads.

P. aeruginosa exhibits notable ecological plasticity, functioning both as a plant pathogen and as an opportunistic
biocontrol agent depending on environmental conditions. Certain strains produce metabolites such as phenazines,
siderophores, and biosurfactants that suppress fungal pathogens, yet these same compounds can contribute to
phytotoxicity under favorable conditions. Environmental stressors, including excessive nitrogen fertilization, high
humidity, and frequent overhead irrigation, exacerbate disease development by weakening host defenses and
altering hormonal balance. These findings highlight the complexity of host—pathogen—environment interactions and
underscore the importance of environmental management in disease suppression.

Integrated disease management (IDM) strategies incorporating molecular diagnostics, sanitation, environmental
control, and biological antagonists are crucial for preventing outbreaks. Advanced molecular tools such as MLSA
and real-time PCR facilitate early detection and precise monitoring of pathogenic Pseudomonas populations.
Furthermore, understanding the genomic diversity of P. aeruginosa populations through whole-genome sequencing
will aid in identifying virulence determinants, elucidating evolutionary relationships, and developing resistant
ornamental cultivars.

The present findings not only establish a new bacterial disease in Iran’s ornamental industry but also emphasize the
need for continued surveillance and molecular characterization of phytopathogenic bacteria. Given the economic
value of ornamental Araceae in domestic and international markets, adopting rigorous phytosanitary standards and
quarantine protocols is essential to mitigate potential economic losses.
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Figure 1. Collected leaf spot samples to isolate and identify the causal bacterial pathogen
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Figure 2. Pathogenicity test on Epipremnum aureum (a), Syngonium podophyllum (b), Aglaonema treubii (c)
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Table 2- Percentage of similarity of the studied genes with reference sequences in the NCBI database

FRES (/)16sIDNA  gwyjwaas”  (O)POD s (B)recA | susus
av/ MF480357.1  qp/ CP0930321  aqq CP111032.1
av/ EF510845.1  q, LT600948.1  qq CP025055.2
av/ OP76318L1 447, CP14260L1 a4 CP107042.1

a2l Ol s NCBI s sda ol (gadS (oo s laojlod =¥ J g
Table 3- Gene Accession Numbers in the NCBI and Host Strain Information

ID (2 el <5 165 rDNA Ol e
PE1 Pseudomonas aeruginosa PV208048 Epipremnum aureum
PE2 P. aeruginosa PV200776 Aglaonema treubii
PE3 P. aeruginosa PV200859 Syngonium podophyllum
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Figure 3- The phylogenetic tree was constructed using the neighbor-joining method based on 16S rDNA gene sequences. The
scale bar represents 0.01 nucleotide substitutions per site. Bootstrap values, calculated from 1000 replicates, are shown above

each branch. The tree indicates that strains PE1, PE2, and PE3 are closely related.

crtly el ol B oSS 55 LIsa ONA S 55
Olgea (g Vb Sascbls 5 Bl 05 Jul
o ol SBa S L sl ST S S e (sla Sl
o U 385 oSS SbB 05 op) (Y0) Lph oo sl

[(Y9) Lo S wal 31, 65

Kimura 2-parameter Ju 51 ¢ eSS Lly, Jos ol
i oslizal (K24GH) ans L& @5 L el
Sisks Sllas 3wl S sle Sl Sl
ol il Slay s ST Sl I s b g 55 g
siSUST 1POD) Hlsails a0 ((Siils Sl

10.22108/bjm.2025.144982.1630



10.22108/bjm.2025.144982.1630

Ol STt oM 5 olel L 3 /1 235 0LLS (slad & 5 ol SL M 5 (5 a0 ol (gla ligo g g Lol

W PE2

Pzeudomonas aeruginosa strain PAOQIDF (CP157086.1)

Pzeudomonas aeruginosa strain PS03095 (CP152373.1)

Pzeudomonas aeruginosa strain 3860F (CP151175.1)

Pzeudomonas aeruginosa isolate PA HNOOE (CP118564.1)

Pzeudomonas aeruginosa strain PA HN004 (CP118565.1)

oot Pgeudomonas aeruginosa strain ZYPA162 (CP132997.1)

Pzeudomonas aeruginosa strain PA HN006 (CP113235.1)

Pzeudomonas aeruginosa strain NCTR 501 (CP152075.1)

Pzeudomonas aeruginosa strain PAFE3 (CP154349.1)

= Pseudomonas_aeruginosa_strain PA HNO0O05_ (CP118566.1)

W PE3

W PE1

L— Pseudomonas_solani strain PSBB082_(CP195316.1)

— Pseudomonas_guariconensis_strain PM99_{CP194068.1)
Pseudomonas_alkylphenolica_strain IMGN1_(CP152293.1)

Pseudomonas_solistrain 0617-T307_({CP151184.1)

Pseudomonas_fulva_strain NYS087_(CP132347.1)

29 b Pseudomonas_putida_strain NY¥11286_(CP138357.1)

Psendomonas_syringae strain DGA9CSS5-8_(CP196768.1)

o | Pgendomonas_syringae strain DGA9CSS5-15_(CP196769.1)

- Pseudomonas_fragariae strain GAWO0O089_(CP196924.1)

Pzeudomonas_cichorii_strain TTPB_ 461 (CP162521.1)

o9 Pzeudomonas_rhizophila isolate AS1 (CP182239.1)

Pzeudomonas protegens_strain WShi3457_(CP195076.1)

57

53

B &

Pzeudomonas_ prosekiistrain &G4-2_ (CP196739.1)
Prendomonas_vamanorum_strain BAQ0-3 (CP196740.1)
oo |- Pseudomonas_simiae_strain. POE7BA (CP152476.1)
s L Pzeudomonas_salmasensis_strain POESd_(CP152477.1)
Pzeudomonas_ kurnegalensis  strain NY-4817_(CP131921.1)
Pzeudomonas_palleroniana_strain BO7_(CP194560.1)
9 Pzeundomonas_chlororaphis_strain B13_{CP1924561.1)
**L_ Psendomonas_corrugata_strain EB-013_(CP131934.1)
79 Pseudomonas_antarctica_ strain_ CAMI17-5_(CP196741.1)
Pzeudomonas plecoglossicida strain NZBD9 (CP194667.1)
o5 Pzeudomonas fortuita strain S2R-2 (CP114765.1)
oo L Pzeudomonas hunanensis strain xwsS6 (CP073231.1)
Pectobacterium braziliense strain TS20HT1 (CP085633.1)

—
0.01

Pzeudomonas aeruginosa isolate mPAOLPA4A308 (CP157085.1)

/0N ediasglis elas dreCA 5 1poD o 55 sl neighbor-joining i, 5l eslizul L PE3 5 PE2 PEL (cla gy il (S okd oot s -F IS

..,\.M@le)jﬁhu Sl e slael s 4 ls e YL sluel Lol Calides gla o 2l o N5 53 oS
Figure 4- A neighbor-joining phylogenetic tree based on the rpoD and recA genes, showing the relationships among strains
PE1, PE2, and PE3. The scale bar represents 0.5% sequence divergence. Bootstrap values (1000 replicates) are shown above

each branch.
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