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Abstract. During fieldwork at four horticulture farms in the highlands of Chiriquí Province in Panama, powdery 
mildews were collected from cultivated crops, namely, Erysiphe heraclei DC. on carrot, Phyllactinia taurica s.l. (Lév.) 
M. Bradshaw, Khodap. & U. Braun on bell pepper and tomato, and Podosphaera xanthii (Castagne) U. Braun & 
Shishkoff on zucchini. The three species represent new country records for Panama, E. heraclei is recorded for the 
first time for Central America. Detailed species descriptions and illustrations are provided, along with new ITS rDNA 
sequence data and a multilocus phylogeny.
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Introduction
Powdery mildews are a group of economically important plant pathogenic fungi (Ascomycota, Helo-
tiales, Erysiphaceae) with an obligatory biotrophic lifestyle on a broad range of vascular plants world-
wide (Amano 1986; Braun and Cook 2012). About 900 species of these parasites have been described 
so far from over 10 000 host taxa (Bradshaw et al. 2022a, 2024a). They cover plant surfaces with a 
typical white mycelium composed of superficial hyphae which penetrate host cells via appressoria and 
form intracellular haustoria for nutrient absorption (Carver et al. 1994; Martínez-Cruz et al. 2014). The 
anamorphs or asexual reproductive states are characterised by conidiophores and conidia, where-
as the teleomorphs or sexual states consist of chasmothecia containing asci with ascospores (Glawe 
2006). Species of Phyllactinia (syn. Leveillula) also develop mycelia within the host tissue (Meeboon et 
al. 2018; Bradshaw et al. 2025). Plant development is severely affected by the presence of powdery 
mildews, and in the case of cultivated crops such as cereals, fruits, and vegetables, the high yield 
losses are a cause of major concern for global food security (Sambucci et al. 2019; Różewicz et al. 2021; 
Pandey et al. 2025). 

The species diversity of powdery mildews and associated host plants have been extensively studied 
in temperate regions of the northern hemisphere (Europe, East Asia, and North America), but data 
from the southern hemisphere (Africa and Central and South America) are still very limited (Meeboon 
et al. 2018; Kusch et al. 2022; Bradshaw et al. 2024a). According to the checklist of fungi from Panama 
(Hofmann and Piepenbring 2021), 10 species of powdery mildews have been described previously 
from wild plants as well as from cultivated crops and fruit trees, namely Erysiphe polygoni DC., Erysi­
phe sp., Fibroidium tingitaninum (J.C. Carter) U. Braun & R.T.A. Cook, Golovinomyces cichoracearum (DC.) 
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Heluta, Leveillula contractirostris V.P. Heluta & Simonyan, Oidium sp., Ovulariopsis spathodeae U. Braun, 
Phyllactinia obclavata (Wakef.) U. Braun & S. Takam., Pseudoidium caricae (F. Noack) U. Braun & R.T.A. 
Cook, and P. perseae-americanae (Liberato & R.W. Barreto) Liberato (Table 1). Several of these species 
have been reported from zones of higher altitudes (Kirschner et al. 2017), where climatic conditions 
are comparable to those of temperate regions. Panama’s mountain ranges may act as migration cor-
ridors for powdery mildews between North to South America (Kirschner et al. 2017), making them 
potential hotspots for species diversity. The aim of the present study was to document unrecorded 
species of powdery mildews on locally produced food crops from small to medium sized agricultural 
businesses in the highlands of western Panama and provide new molecular barcoding data for these 
economically relevant pathogens.

Methods
Sampling, preservation, and morphological descriptions. Infected leaves of cultivated plants 
were collected in 2019 and 2021 on four private crop farms in the Chiriquí province with collection 
permit SE/APHO-1-2019 issued by the Environmental Ministry of Panama (MiAmbiente). Nine sam-
ples were collected in Cerro Punta and Boquete districts, both agriculture-dominated areas in the 
highlands of Chiriquí with tropical climates and high rainfall during the rainy season, but moderate 
temperatures year-round. Visibly affected leaves were photographed in the field and transported in 
plastic bags to the laboratory at UNACHI for further analysis. The material was examined with Olym-
pus SZ51 or Zeiss Stemi DV4 stereo microscopes and symptomatic areas were documented with digital 
photographs using a hand-held camera Canon PowerShot G16. Fungal structures on fresh and dried 
plant material were observed and measured with Olympus CX31 and Zeiss Primo Star light micro-
scopes and documented with scaled drawings. Microscopic photographs were taken with an Olympus 
DP22 digital camera on an Olympus BX43 phase contrast light microscope. Measurements of fungal 
structures are given by mean values ± standard deviation with minimum and maximum values in 
parenthesis. For preservation, fresh leaves were placed between newspapers in a botanical press and 
dried in an oven with light bulbs at 30–40 °C for approximately 7 days. Dried specimens were placed 
in small lockable plastic bags with silica gel and deposited at herbarium UCH.

Table 1. Species of powdery mildews reported from Panama, according to the national checklist of fungi (Hofmann and Piepenbring 2021, https://striresearch.si.edu/fungi) and 
the present study. Common names of host plants used as cultivated crops and fruit trees in Panama are placed in parenthesis. Species that represent new records for Panama are 
indicated in bold.

Species name Host plant References

Erysiphe heraclei DC. Apiaceae: Daucus carota L. (carrot) This study
Erysiphe polygoni DC. Fabaceae: Phaseolus vulgaris L. (common bean), Vigna 

sinensis (L.) Savi ex Hassk. (cowpea)
Toler et al. 1959; McGuire and Crandall 1967

Erysiphe sp. Rutaceae: Citrus sp. (citrus) Amano 1986
Fibroidium tingitaninum (J.C. Carter) U. Braun & R.T.A. Cook Rutaceae: Citrus sp. Toler et al. 1959; McGuire & Crandall 1967—cited by both 

as syn. Oidium tingitaninum J.C. Carter
Golovinomyces cichoracearum (DC.) Heluta Cucurbitaceae: Citrullus vulgaris Schrad. (watermelon), 

Cucumis melo L. (melon), C. sativus L. (cucumber), Cucurbita 
maxima Duchesne (squash), Sechium edule (Jacq.) Sw. 
(chayote)

Toler et al. 1959; McGuire and Crandall 1967—cited by 
both as syn. Erysiphe cichoracearum DC.

Leveillula contractirostris V.P. Heluta & Simonyan Malvaceae: Sida haenkeana C. Presl Kirschner et al. 2017
Oidium sp. Cucurbitaceae: Citrullus vulgaris (watermelon), Cucumis 

melo (melon), C. sativus (cucumber), Cucurbita maxima & 
Cu. pepo L. (squash), Sechium edule (chayote)

Standley 1933; McGuire and Crandall 1967; Amano 1986

Ebenaceae: Diospyros kaki Thunb. (oriental persimmon)
Lauraceae: Persea americana Mill. (avocado)
Myrtaceae: Eugenia aromatica O. Berg (cloves), E. uniflora 
L. (Surinam cherry), Syzygium jambos (L.) Alston (rose 
apple)

Ovulariopsis spathodeae U. Braun Bignoniaceae: Spathodea campanulata P. Beauv. Braun and Cook 2012
Phyllactinia obclavata (Wakef.) U. Braun & S. Takam. Bignoniaceae: S. campanulata Takamatsu et al. 2016; Kirschner et al. 2017
Phyllactinia taurica s.l. (Lév.) M. Bradshaw, Khodap. 
& U. Braun

Solanaceae: Capsicum annuum L. (bell pepper). Lycopersi­
con esculentum Mill. (tomato)

This study

Podosphaera xanthii (Castagne) U. Braun & Shishkoff Cucurbitaceae: Cu. pepo (zucchini) This study
Pseudoidium caricae (F. Noack) U. Braun & R.T.A. Cook Caricaceae: Carica papaya L. (papaya) Toler et al. 1959; McGuire and Crandall 1967—cited by 

both as syn. as Oidium caricae F. Noack
Pseudoidium perseae-americanae (Liberato & R.W. Barreto) 
Liberato

Lauraceae: P. americana Braun and Cook 2012

https://striresearch.si.edu/fungi
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Analysis of species distribution. Information of species distribution on country level was based on 
published local reports which were retrieved from United States National Fungal Databases (https://
fungi.ars.usda.gov, Farr et al. 2026), Global Biodiversity Information Facility (https://www.gbif.org/, 
GBIF 2026), a global occurrence dataset of Leveillula taurica (syn of. Phyllactinia taurica, Cussonneau 
et al. 2025) and the checklist of fungi from Costa Rica (Mardones et al. 2024). Global distribution of 
species was then visualized with an online tool (https://www.mapchart.net) for which the local reports 
were depicted as country-wide distribution. Highlighted areas do not reflect the actual distribution 
patterns of the species within each country.
DNA extraction, amplification, sequencing, and similarity search. For the extraction of genomic 
DNA from powdery mildews, small amounts of fresh conidiophores and conidia were obtained directly 
from the plant surface with a sterilised hypodermic needle and stored in 200 µl 2 % CTAB solution for 
5 years. Samples were homogenised with a vortex for 10 min after adding 100 µl molecular-grade 
water, sterilised quartz sand, and a metal bead. DNA extraction was performed with E.Z.N.A. Forensic 
DNA Kit (Omega Bio-Tek) following the manufacturer’s standard protocol, with exception of the final 
step where DNA was eluted twice with 30 µl of elution buffer. Conventional PCR of ITS region was 
performed using a total reaction volume of 25 µl, with 12.5 µl hot start Taq Polymerase Master Mix 
(Omega Bio-Tek), 0.5 µl primer ITS1f (Gardes and Bruns 1993) and 0.5 µl primer ITS4 (White et al. 
1990), both at 10 µM concentration, 9.5 µl molecular grade water, and 2 µl DNA template. The cycling 
program consisted of an initial heat activation at 95 °C for 15 min followed by 30 cycles of denaturation 
at 94 °C for 35 s, annealing at 55 °C for 35 s an elongation at 72 °C for 1 min, and a final elongation at 
72 °C for 10 min. Amplification of the RPB2 region was attempted twice using the primers pmRPB2_4/
pmRPB2_6R (Bradshaw et al. 2022a) or RPB2_5F/RPB2_7cR (Liu et al. 1999), but the PCR reactions were 
unsuccessful. Crude PCR products were shipped to Macrogen Inc. in South Korea for purification and 
sanger sequencing in forward and reverse directions with the primers mentioned above. The initial 
and final parts of each obtained DNA sequence were trimmed using Geneious Prime v. 2025.2.2 and 
consensus sequences were created with the same program. The three newly generated sequences 
were compared with highly similar sequences in GenBank via blastn tool and deposited in GenBank.
Molecular phylogenetic inference analysis. Individual datasets for each locus (ITS, RPB2, and 
TUB) were created with sequences retrieved from GenBank (Table 2) and aligned separately using 
the online version of MAFFT v. 7 (https://mafft.cbrc.jp/alignment/server/, Katoh et al. 2019). The max-
imum-likelihood (ML) phylogenetic analyses were performed separately for the concatenated dataset 
and the ITS dataset alone (Supplemental Data S1) using IQ-TREE v. 3.0.0. (Wong et al. 2026). The 
best-fit substitution model and partitioning scheme were selected using ModelFinder (Kalyaanamoor-
thy et al. 2017; Chernomor et al. 2016). Branch support was assessed using 1000 ultrafast bootstrap 
replicates (Hoang et al. 2018), the SH-like approximate likelihood ratio test (Guindon et al. 2010), and 
the approximate Bayes test (Anisimova et al. 2011). The analysis was executed using the command: -m 
MFP+MERGE -B 1000 -alrt 1000 -abayes -nt AUTO. The Mafft alignments (ITS, RPB2 and TUB), partition 
file and the IQ-TREE commands used in the concatenated ML phylogenetic analysis were deposited in 
Figshare (https://doi.org/10.6084/m9.figshare.33074825).

Results
Erysiphe heraclei DC.
Figures 1, 2
New records. PANAMA — Chiriquí province • Tierras Altas, Cerro Punta, Bajo Grande, farm of Fran-
cisco Ríos; 08.8517°N, 082.5469°W; 2151 m alt.; 16 Oct. 2019; T.A. Hofmann & M. Cuevas leg.; on living 
leaves of Daucus carota L. (Apiaceae, carrot); 640 bp ITS sequence in GenBank (Acc. No. PZ264411); dry 
voucher TH1477 (UCH17282).
Identification. Infected leaves without or only with slight discolouration of green plant tissue; col-
onies amphigenous, but more prominent on upper leaf surface, forming irregular whitish patches, 
later covering the entire leaf; surface mycelium white, branched; hyphae straight to sinuous, (42–
)47–67(–78) × (4–)5–7(–8) µm (n = 30), branching lateral to one side or opposite, hyaline, smooth 
or slightly verruculose; appressoria solitary or opposite on both sides of hypha, irregularly lobed, 
rarely entire or papillate, (5–)7–10(–11) × (3–)4–7(–8) µm (n = 30), hyaline, smooth; conidiophores 
arising solitary or rarely in pairs from the middle or towards one end of the mother hyphae, straight 
or curved at base, (61–)71–110(–130) × (5–)7–9 µm (n = 30), hyaline, smooth or slightly verruculose; 

https://fungi.ars.usda.gov
https://fungi.ars.usda.gov
https://www.gbif.org/
https://www.mapchart.net
https://mafft.cbrc.jp/alignment/server/
https://doi.org/10.6084/m9.figshare.33074825
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Table 2. List of sequences used in the phylogenetic analysis with details on taxon names, voucher numbers, host plants, countries, GenBank accession numbers, notes on type 
status and associated references. Newly generated sequences are indicated in bold.

Taxon Voucher Host Country ITS TUB RPB2 Notes References

Blumeria graminicola NCSLG22537 Poa pratensis USA: North Carolina PV416548 LaGreca et al. 2025
Blumeria graminis NCSLG22538 Hordeum vulgare USA: North Carolina PV416549 LaGreca et al. 2025
Blumeria graminis NCSLG22543 Triticum aestivum USA: North Carolina PV416552 LaGreca et al. 2025
Blumeria hordei NCSLG22539 Hordeum sp. USA: North Carolina PV416550 LaGreca et al. 2025
Erysiphe acetosae HAL 3542 F Rumex acetosa Germany PP681001 PP720070 PP720487 Isotype Bradshaw et al. 2024b
Erysiphe acetosae HAL 2119 F Rumex acetosella Germany OP349642 Darsaraei et al. 2023
Erysiphe acmisponis FH01122099 Acmispon parviflorus USA PP681081 PP719981 PP720417 Holotype Bradshaw et al. 2024b
Erysiphe betae KUS: F29140 Beta vulgaris Korea KX574674 Joa et al. 2016
Erysiphe betae FH01131056 Beta vugaris subsp. vulgaris USA PP681003 PP720032 PP720451 Bradshaw et al. 2024b
Erysiphe betae HAL 2240 F Dysphania ambrosioides India PP681002 Bradshaw et al. 2024b
Erysiphe bistortae LAH36943 Bistorta amplexicaulis Pakistan MZ048848 Holotype Zafar et al. 2023
Erysiphe bistortae LAH36143 Bistorta amplexicaulis Pakistan MZ048849 Zafar et al. 2023
Erysiphe buhrii HMUT6449.3 Gypsophila capituliflora China MH256038 Song et al. 2020
Erysiphe convolvuli FH00941244 Convolvulus arvensis USA PP680998 PP719956 PP720400 Bradshaw et al. 2024b
Erysiphe heraclei TH1477 Daucus carota Panama PZ264411 This study
Erysiphe heraclei MUMH<JPN>:7041 Torilis arvensis Azerbaijan LC270862 Abasova et al. 2018
Erysiphe heraclei FH01131062 Hedera hibernica USA PP681004 PP720036 PP720455 Bradshaw et al. 2024b
Erysiphe heraclei ZKEH0118S Daucus carota China KC480605 Wang et al. 2014
Erysiphe heraclei RoKi4729 Eryngium foetidum Taiwan MT703849 Yeh et al. 2021
Erysiphe lathyrina HAL 1356 F Lathyrus rotundifolius Armenia OQ266915 Holotype Darsaraei et al. 2023 (direct submis-

sion); Bradshaw et al. 2024b
Erysiphe malvae HAL 003362F Malva sylestris Ukraine MW581144 Bolay et al. 2021
Erysiphe malvae HAL 003361F Malva sp. Iran MW581145 Bolay et al. 2021
Erysiphe pavoniae HAL 1432 Pavonia zeylanica India PP681000 PP720071 PP720488 Holotype Bradshaw et al. 2024b
Erysiphe polygoni FH01122104 Muehlenbeckia platyclada USA PP681079 PP719983 PP720419 Bradshaw et al. 2024b
Erysiphe polygoni MUMH<JPN>:7036 Polygonum aviculare Azerbaijan LC328322 Abasova et al. 2018
Erysiphe polygoni MUMH<JPN>:7045 Polygonum aviculare Azerbaijan LC328323 Abasova et al. 2018
Erysiphe polygoni PM-19 (LAH37490) Polygonum aviculare Pakistan OP000923 Afzal et al. 2022 (direct submission); 

Darsaraei et al. 2023
Erysiphe quercicola FH00965519 Quercus robur France OM436186 OR427745 OR427710 Bradshaw et al. 2022b
Erysiphe rumicicola IRAN 16527F Rumex crispus Iran OP326702 Holotype Darsaraei et al. 2023
Erysiphe sp. FH01122079 Arenaria macrophylla USA PP680978 PP719978 Bradshaw et al. 2024b
Leveillula chrozophorae IRAN11141 Chrozophora tinctoria Iran AB044346 Khodaparast et al. 2001
Leveillula 

contractirostris
S446 Crambe kotschyana Iran KT221630 Sepahvand et al. 2015 (direct 

submission)
Leveillula duriaei NCSLG24713 Salvia nemorosa Iran PQ585265 PQ589023 Bradshaw et al. 2025
Leveillula elaeagni IRAN11138 Elaeagnus angustifolia Iran AB048350 Khodaparast et al. 2001
Leveillula helichrysi KW58371 Helichrysum arenarium Ukraine LC565497 Takamatsu 2020 (direct submission)
Leveillula linariae EREM8179 Linaria kurdica Armenia LC565496 Takamatsu 2020 (direct submission)
Leveillula 

papilionacearum
NCSLG24707 Dalea ornata USA PQ585279 PQ589030 Bradshaw et al. 2025

Leveillula rutae NCSLG24700 Haplophyllum sieversii China PQ585275 PQ589033 Bradshaw et al. 2025
Leveillula tropaeolicola NCSLG24724 Tropaeolum majus Portugal PQ585249 PQ589044 PQ588985 Bradshaw et al. 2025
Neoerysiphe rubiae HAL1898F Rubia sp. Turkey ON399188 Holotype Bradshaw et al. 2022a
Phyllactinia aesculi WSP5516 Aesculus californica USA:  California PQ585192 PQ589050 Isotype Bradshaw et al. 2025
Phyllactinia angulata NCSLG18482 Quercus nigra USA PQ585299 PQ589046 PQ588990 Bradshaw et al. 2025
Phyllactinia celastri NY02942876 Celastrus scandens USA:  New York PQ585204 PQ589071 Refer-

ence 
sequence

Bradshaw et al. 2025

Phyllactinia cleomes GUM 729 Cleome sp. Iran MT621677 Sharifi et al. 2020
Phyllactinia erythrinae-

americanae
NCSLG24629 Erythrina americana Mexico PQ585237 PQ589076 Isotype Bradshaw et al. 2025

Phyllactinia fraxini-
pennsylvanicae

RMS0017024 Fraxinus pennsylvanica USA:  Wisconsin PQ585218 PQ589080 PQ588999 Holotype Bradshaw et al. 2025

Phyllactinia guilanensis NCSLG24711 Chondrilla juncea Austria PQ585239 PQ589024 PQ588969 Bradshaw et al. 2025
Phyllactinia guilanensis MUMH 805 Chondrilla juncea Iran AB045156 Khodaparast et al. 2001
Phyllactinia guttata HAL 430 F Parietaria officinalis Iran PQ585233 PQ589048 Isotype Bradshaw et al. 2025
Phyllactinia 

hemipteleae
NCSLG24624 Hemiptelea davidii South Korea PQ585312 PQ589082 Isotype Bradshaw et al. 2025

Phyllactinia jaczewskii GUM1758 Dodartia orientalis Iran PQ585267 PQ588963 Bradshaw et al. 2025
Phyllactinia jamesiae RMS0017063 Jamesia americana USA:  Arizona PQ585225 PQ589085 Isotype Bradshaw et al. 2025
Phyllactinia lactucae-

serriolae
NCSLG24699 Lactuca serriola Iran PQ585269 PQ589025 Isotype Bradshaw et al. 2025

Phyllactinia lanuginosa NCSLG24709 Foeniculum vulgare Croatia PQ585251 PQ589027 PQ588971 Bradshaw et al. 2025
Phyllactinia leucaenae NCSLG24627 Leucaena leucocephala Mexico PQ585301 PQ589045 Isotype Bradshaw et al. 2025
Phyllactinia liriodendri NCSLG22914 Liriodendron tulipifera USA:  North Carolina PQ585171 PQ589086 Epitype Bradshaw et al. 2025
Phyllactinia oemleriae FH01131100 Oemleria cerasiformis USA:  Washington PQ585183 PQ589091 PQ589002 Holotype Bradshaw et al. 2025
Phyllactinia orbicularis NCSLG24734 Fagus sylvatica Germany PQ585228 PQ589093 Epitype Bradshaw et al. 2025
Phyllactinia oxalidicola NCSLG24723 Oxalis triangularis China PQ585263 PQ589028 Isotype Bradshaw et al. 2025
Phyllactinia philadelphi WSP44839 Philadelphus lewisii USA:  Washington PQ585189 PQ589095 PQ589005 Bradshaw et al. 2025
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Taxon Voucher Host Country ITS TUB RPB2 Notes References

Phyllactinia picridis NCSLG24703 Picris hieracioides Switzerland PQ585259 Iso
neotype

Bradshaw et al. 2025

Phyllactinia sp. NCSLG24705 Heliomeris multiflora USA PQ585247 PQ589031 Bradshaw et al. 2025
Phyllactinia taurica TH1476 Capsicum annuum Panama PZ264412 This study
Phyllactinia taurica FLAS_F57477 Capsicum sp. USA PQ585277 Bradshaw et al. 2025
Phyllactinia taurica HMJAU-PM92030 Capsicum annuum China ON073885 Bradshaw et al. 2022a
Phyllactinia taurica PNFLT16001 Capsicum annuum Mexico KU886148 García-Gaytán et al. 2016
Phyllactinia taurica KUS-F28536 Cucurbita ficifolia South Korea MH698492 Choi et al. 2019
Phyllactinia taurica NCSLG24726 Cucurbita maxima USA:  Oregon PQ585242 PQ589040 PQ588978 Bradshaw et al. 2025
Phyllactinia taurica GUM73 Capsicum annuum Iran PQ585273 Bradshaw et al. 2025
Phyllactinia taurica NCSLG24728 Peganum harmala China PQ585272 PQ589042 Bradshaw et al. 2025
Phyllactinia 

zanthoxylicola
RMS0017042 Zanthoxylum americanum USA:  Wisconsin PQ585207 PQ589047 PQ589014 Epitype Bradshaw et al. 2025

Podosphaera 
cardamines

NCSLG24633 Cardamine macrophylla Kazakhstan PV581772 PV584342 Bradshaw et al. 2026

Podosphaera 
erigerontis-
canadensis

NCSLG24554 Erigeron canadensis USA PV581771 Bradshaw et al. 2026

Podosphaera 
euphorbiae

FH00941233 Euphorbia alfredii USA PV581751 PV584353 ON119183 Bradshaw et al. 2026

Podosphaera fuliginea FH00941252 Veronica spicata “Glory” USA ON073893 PV584343 ON119181 Bradshaw et al. 2026
Podosphaera fuliginea NCSLG25158 Veronica spicata Germany PV581768 PV584333 Bradshaw et al. 2026
Podosphaera 

leucotricha
FH00941208 Malus sp. “Williamette” USA ON073894 ON119182 Bradshaw et al. 2026

Podosphaera pannosa NCSLG24638 Rosa sp. Germany PV581762 PV584347 Neotype Bradshaw et al. 2026
Podosphaera pruinosa NCSLG24553 Rhus aromatica USA PV581763 PV584350 PV584336 Bradshaw et al. 2026
Podosphaera pruinosa NCSLG25431 Rhus michauxii USA PV581759 PV584354 PV584337 Bradshaw et al. 2026
Podosphaera pruni-

cerasoidis
6943 Prunus cerasoides Thailand MK530448 Holotype Meeboon et al. 2020

Podosphaera ruborum NCSLG25430 Rubus armeniacus USA PV581757 PV584351 PV584339 Bradshaw et al. 2026
Podosphaera tridactyla 65909 Prunus padus Germany MK530463 Epitype Meeboon et al. 2020
Podosphaera tridactyla HMJAU-PM92033 Prunus padus China ON073895 ON119187 Bradshaw et al. 2022a
Podosphaera xanthii TH1485 Cucurbita pepo Panama PZ264413 This study
Podosphaera xanthii BRIP 45128 Phaseolus vulgaris Australia PQ509391 Kelly et al. 2025
Podosphaera xanthii BRIP 23226 Vigna angularis Australia PQ509398 Kelly et al. 2025
Podosphaera xanthii BRIP 11696 Macrotyloma daltonii Australia PQ509389 Kelly et al. 2025
Podosphaera xanthii KUS-F27525 Cucurbita maxima Korea KX061106 Choi et al. 2020
Podosphaera xanthii R. Kirschner 4632 Benincasa hispida Taiwan MH465242 Wu and Kirschner 2017
Podosphaera xanthii R. Kirschner 3565 Sesamum indicum Taiwan MT131257 Yeh et al. 2020
Podosphaera xanthii R. Kirschner 4831 Torenia fournieri Taiwan MT131259 Yeh et al. 2020
Podosphaera xanthii AKII0009 Phyllanthus tenellus Taiwan MT560356 Yeh et al. 2020
Podosphaera xanthii WTY12 Cuphea hyssopifolia Taiwan MT131248 Yeh et al. 2020
Podosphaera xanthii NCSLG24737 Calendula vulgaris Germany PV581769 Bradshaw et al. 2026
Podosphaera xanthii KR M 0050652 Jacobaea alpina Germany PV581770 Bradshaw et al. 2026

basal cell of conidiophore often curved at base, more rarely sinuous or straight, cylindrical, (20–)25–
36(–43) × (6–)7–9(–10) µm (n = 30), hyaline, smooth or slightly verruculose, followed by 1–3 cells; 
conidia solitary, ellipsoidal, oblong or cylindrical, ends broadly rounded or truncated, (28–)31–37(–41) 
× (11–)12–15(–16) µm (n = 30), length/width ratio (2.06–)2.24–2.73(–3.15), hyaline, smooth or slightly 
verruculose, germinate laterally from one end; teleomorph not developed.

Davis and Nuñez (2007) reported two species of powdery mildew which frequently attack carrot, 
Erysiphe heraclei (syn. E. umbelliferarum (Lév.) de Bary) and Phyllactinia lanuginosa (Fuckel) M. Brad-
shaw, Khodap. & U. Braun (syn. Leveillula lanuginosa (Fuckel) Golovin). Further records of powdery 
mildews on carrot can be retrieved from the database of Farr et al. (2026), namely E. cruciferarum 
Opiz ex L. Junell, E. polygoni, Phyllactinia taurica (Lév.) M. Bradshaw, Khodap. & U. Braun (syn. Erysiphe 
taurica Lév. and Leveillula taurica (Lév.) G. Arnaud), and Oidium sp. Mycelia of Phyllactinia spp. grow 
endo- and epifoliar and form ovoid-lanceolate primary conidia, whereas those of Erysiphe spp. are 
exclusively epifoliar and produce Oidium-type conidia. Erysiphe cruciferarum is morphologically similar 
to E. heraclei, but the former has broader conidia with a length/width ratio of (1.4–)1.5–2.2 (Abasova et 
al. 2018), occurs primarily on cruciferous hosts and was reported only once on carrot from India (Paul 
and Thakur 2006). Erysiphe polygoni is characterised by longer conidiophores with (62–)99–139(–165) 
µm, consistently straight and longer foot cells with (26–)48–75(–90) µm and slightly longer conidia 
(32–)35.5–42.5(–45) µm (Wang et al. 2019). Additionally, unidentified anamorphic powdery mildews 
were reported as Oidium sp. from carrots in China, England, Ethiopia, Greece, Israel, Jordan, Libya, 
Morocco, Portugal, USA, Venezuela, and Yemen (Farr et al. 2026). However, morphological data of 
these fungi could not be obtained in the context of the present study.
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Figure 1. Erysiphe heraclei (TH1477) on carrot 
(Daucus carota). A. Infected leaves. B. Amphig-
enous colonies. C. Conidiophore with curved 
basal cell. D. Surface hyphae with lateral ap-
pressoria. E. Conidia. F. Line drawing of sur-
face mycelium with appressoria, mature conid-
iophores and conidia. Scale bars: C, F = 20 µm; 
D, E = 10 µm. 

Figure 2. Global distribution of Erysiphe hera­
clei (created with https://www.mapchart.net). 
The distribution on country level is based on at 
least one local published report. Highlighted 
areas do not reflect the actual distribution pat-
terns of the species within each country.

https://www.mapchart.net
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Known distribution. The species (incl. fungal synonyms) is cosmopolitan and broadly distributed in 
Asia and Europe, with additional scattered records from Africa (Algeria, Egypt, Ethiopia, Libya, Moroc-
co, South Africa, Sudan, Tanzania), North America (Canada, USA, Mexico), South America (Argentina, 
Brazil, Chile, Colombia), and Oceania (Australia, New Zealand) (Farr et al. 2026, GBIF 2026). The fungus 
represents a new record for Central America and Panama (present study, Figure 2).
Known hosts. The species (incl. fungal synonyms) occurs on a broad range of genera and species 
of Apiaceae (including carrot), as well as on Araliaceae, Asteraceae, Fabaceae, Fagaceae, Meliaceae, 
Polygonaceae, and Rosaceae (Farr et al. 2026). Previously reported hosts in North America include 
Ammi majus L., Anthriscus cerefolium (L.) Hoffm., Apium graveolens L., Coriandrum sativum L., D. carota, 
Foeniculum vulgare Mill., Hedera helix L., Hydrocotyle americana L. and Hydrocotyle sp., Panax quinquefo­
lius L., and Petroselinum crispum (Mill.) Mansf. (Amano 1986; Jenkins et al. 1986; Koike and Saenz 1994, 
1997, 2004; Glawe et al. 2005; Raid et al. 2007; Yáñez-Morales et al. 2009; Rodríguez-Alvarado et al. 
2010; Cho et al. 2014; Koike et al. 2015; Tovar-Pedraza et al. 2016; Moreno-Velázquez et al. 2020; Avin 
et al. 2023). Previously reported hosts in South America include A. graveolens, Bowlesia tenera Spreng., 
Conium maculatum L., D. carota, F. vulgare, and Petroselinum sativum Hoffm. (Amano 1986; Buritica 1999; 
Braun et al. 2001; Rosa et al. 2008; Boiteux et al. 2017).

Phyllactinia taurica s.l. (Lév.) M. Bradshaw, Khodap. & U. Braun
Figures 3–5
New records. PANAMA — Chiriquí province • Tierras Altas, Cerro Punta, farm of Elianys Castillo; 
08.8697°N, 082.6000°W, 1939 m alt.; 16 Oct. 2019; T.A. Hofmann & M. Cuevas leg.; on living leaves of 
Capsicum annuum L. (Solanaceae, bell pepper); 654 bp ITS sequence in GenBank (Acc. No. PZ264412); 
dry voucher TH1476 (UCH12473, as syn. L. taurica) • Las Nubes, farm of Enrique Quintero; 08.8178°N, 
082.6119°W; 1894 m alt.; 26 Jun. 2021; A. Montenegro leg.; on living leaves of Lycopersicon esculentum 
Mill. (Solanaceae, tomato); dry voucher AM09 (UCH12477) • Dolega, Potrerillos Arriba, farm Agroin-
dustrias Cocherán; 08.7194°N, 082.5019°W; 1149 m alt.; 14 Feb. 2020; A. Sanjur & A. Montenegro leg.; 
on living leaves of Ca. annuum; dry voucher AM03 (UCH12474) • Same locality, date and host plant; 15 
Mar. 2021; A. Sanjur & A. Montenegro leg.; dry voucher AM04 (UCH12475) & AM 07 (UCH12476).
Identification. Infected leaves with yellow discolouration of plant tissue on upper surface, later 
becoming sprinkled with small, brown, necrotic spots; colonies amphigenous, but predominantly 
hypophyllous, distinct and dense, initially irregularly circular and discrete, later becoming confluent, 
covering almost the entire lower leaf surface, white and powdery, epiphyllous colonies smaller, less 
distinct and dense; mycelium predominantly endofoliar, hyphae intercellular, irregularly sinuous or 
meandering, rarely straight, septate, unbranched or laterally branched, opposite branching rare, (38–) 
43–91(–105) × 5–7(–9) µm (n = 14), hyaline, thin-walled, smooth; external hyphae and appressoria not 
observed; conidiophores formed from endofoliar hyphae, emerging through plant stomata, arising 
solitary or in small groups of up to 10, straight, unbranched or laterally branched once or twice, 2–5 
septate, (150–)185–246(–268) µm long (n = 30), hyaline, thin-walled, finely verruculose; basal cell of 
conidiophore cylindrical, filiform, straight, (46–)67–123(–165) × (5–)6–9(–11) µm (n = 30), hyaline, thin-
walled, finely verruculose, followed by 1–3(4) cylindrical cells, the uppermost cell (conidium) swollen; 
conidia dimorphic, formed singly; primary conidia ovoid-lanceolate, truncated at base, acute at apex, 
(55–)60–73(–82) × (15–)17–20(–21) µm (n = 30), length/width ratio (2.95–)3.19–4.05(–4.64), hyaline, 
reticulate when mature; secondary conidia cylindrical to fusoid-fusiform, ends broadly rounded, base 
often truncated, (46–)53–69(–80) × (14–)15–20(–23) µm (n = 30), length/width ratio (2.26–)2.84–
4.11(–5) hyaline, smooth when young, becoming reticulate when mature; germination of conidia not 
observed; teleomorph not developed.

The anamorphs of Phyllactinia (syn. Leveillula) species can be distinguished from other powdery 
mildews by an extensive endofoliar mycelium from which conidiophores emerge through the host 
stomata as well as the dimorphic primary and secondary conidia (Glawe 2006). A recent multilocus 
phylogenetic study by Bradshaw et al. (2025) confirmed that species of Leveillula are nested within the 
Phyllactinia clade and Leveillula was reduced to synonymy with Phyllactinia. Apart from P. taurica and 
its multiple synonyms, Farr et al. (2026) listed one other species of powdery mildew on bell pepper, 
Golovinomyces cichoracearum (syn. Erysiphe cichoracearum DC.), which forms catenate and monomor-
phic conidia. Two more species of the tribe Phyllactinieae have been previously reported from Pana-
ma, namely P. obclavata on Spathodea campanulata P. Beauv. (Bignoniaceae—Takamatsu et al. 2016; 
Kirschner et al. 2017) and L. contractirostris on Sida haenkeana C. Presl. (Malvaceae—Kirschner et al. 
2017). Both species differ in morphology from P. taurica and occur on host species in different families. 
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Figure 3. Phyllactinia taurica s.l. (TH1476) on 
bell pepper (Capsicum annuum). A. Infected 
leaves in green house. B. Hypophyllous col-
onies. C. Branched hyphae of endofoliar my-
celium. D. Lanceolate primary conidia. E. Cy-
lindrical secondary conidia. F. Conidiophores 
arising through stomata of host plant. Scale 
bars: C–E = 20 µm; F = 50 µm.

Figure 4. Line drawing of Phyllactinia taurica 
s.l. (TH1476). A. Branched and unbranched 
conidiophores arising from endofoliar myce-
lium through host stomata, note verrucose 
ornamentation of conidiophore. B. Lanceolate 
primary conidia with reticulate ornamenta-
tion. C. Cylindrical secondary conidia with re-
ticulate ornamentation. D. Branched hyphae 
of endofoliar mycelium. Scale bars: A = 50 µm; 
B–D = 20 µm.
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Phyllactinia obclavata has papillate to distinctly lobed appressoria and clavate secondary conidia, 
whereas L. contractirostris has shorter limoniform primary conidia with conspicuous tapering apex and 
base (Kirschner et al. 2017).
Known distribution. The species (incl. fungal synonyms) is cosmopolitan and broadly distributed 
in Africa, Asia, Europe, North America, and Oceania, with additional scattered records from Central 
America (Nicaragua, Costa Rica), South America (Argentina, Bolivia, Brazil, Chile, Peru, Venezuela), and 
the West Indies (Barbados, Cuba, Dominica, Dominican Republic, Jamaica, Puerto Rico, Saint Vincent, 
Trinidad and Tobago) (Mardones et al. 2024; Cussonneau et al. 2025; Farr et al. 2026; GBIF 2026). The 
fungus represents a new record for Panama (present study; Figure 5).
Known hosts. The species (incl. fungal synonyms) grows on multiple families, genera and species 
of plants, including peppers (Farr et al. 2026). Previously reported hosts in Central America include 
Lablab purpureus (L.) Sweet, Ca. annuum, D. carota, Ly. esculentum (also as syn. Solanum lycopersicum 
Lam.), Sechium edule (Jacq.) Sw., Sesamum indicum L., Solanum melongena L., Tropaeolum majus L. and 
Vigna sinensis (L.) Savi ex Hassk. (Amano 1986; Lenne 1990; Delgado 2011; Granados-Montero et al. 
2018; GBIF 2026). Previously reported hosts in South America include Allium cepa L., Asclepias mellodora 
A. St.-Hil., C. annuum, C. frutescens L., Cleome spinosa Jacq., Commelina diffusa Burm. f., Euphorbia sp., 
Geoffroea decorticans (Gillies ex Hook. & Arn.) Burkart, Gossypium sp., Impatiens balsamina L., Ly. esculen­
tum, Passiflora caerulea L., Pavonia sp., Ruta graveolens L., Se. indicum, Solanum gilo Raddi, S. melongena, 
S. sisymbriifolium Lam., Solanum sp., Vasconcellea goudotiana Triana & Planch., Wissadula amplissima (L.) 
R.E. Fr. and W. periplocifolia (L.) C. Presl. ex Thwaites (Amano 1986; Urtiaga 1986; Boa and Lenne 1994; 
Mendes Sabo et al. 1998; Braun et al. 2001; Delhey et al. 2003; Urtiaga 2004; Correll et al. 2005; Vivas 
et al. 2010; Carlos and Soares 2012).

Podosphaera xanthii (Castagne) U. Braun & Shishkoff
Figures 6, 7
New records. PANAMA — Chiriquí province • Tierras Alta, Cerro Punta, Finca de Elianys Castillo; 
08.8697°N, 082.6003°W; 1940 m alt.; 16 Oct. 2019; T.A. Hofmann & M. Cuevas leg.; on living leaves of 
Cucurbita pepo L. (Cucurbitaceae, zucchini); 564 bp ITS sequence in GenBank (Acc. No. PZ264413); dry 
voucher TH1485 (UCH17283).
Identification. Infected leaves first without discolouration of green plant tissue; colonies amphige-
nous, on the upper leaf surface first irregularly circular and discrete, later confluent, up to 0.5 cm in 
diameter, on the lower leaf surface first circular to irregularly angular, later confluent, up to 1 cm in 
diameter, white or slightly greyish; hyphae straight to sinuous, (42–)51–72(–83) × (4.5–)5–8(–9) µm 
(n = 30), branching often lateral to one side, more rarely opposite, hyaline, smooth; appressoria soli-
tary, indistinct, not swollen or very rarely slightly papillate, infection peg formed directly below surface 
hyphae; conidiophores solitary, straight or slightly bent, situated at upper part of the hyphal cell in the 
middle or towards one end of the cell, (120–)145–186(–203) µm long (n = 23), at base 7–10(–11) µm 
wide, at apex (12–)13–15(–16) µm wide, hyaline, smooth; basal cell of conidiophore mostly straight, 
sometimes slightly sinuous towards base, cylindrical, often tapered towards base, (29–)39–57(–65) × 
(8–)9–12(–15) µm (n = 30), hyaline, smooth, followed by up to 4 cylindrical unswollen cells and up to 4 

Figure 5. Global distribution of Phyllactinia 
taurica (incl. synonyms, created with https://
www.mapchart.net). The distribution on coun-
try level is based on at least one local pub-
lished report. Highlighted areas do not reflect 
the actual distribution patterns of the species 
within each country.

https://www.mapchart.net
https://www.mapchart.net
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doliiform catenate conidia, with fibrosin bodies; primary conidia ellipsoidal to subglobose, truncated at 
base, broadly rounded at apex, (23–)24–28(–29) × (14–)15–18(–19) µm (n = 30), hyaline, smooth, wall 
sometimes slightly constricted in lower ¼ of cell; secondary conidia cylindrical, ellipsoidal or doliiform, 
ends truncated or rounded, (23–)24–28(–31) × (14–)15–17(–20) µm (n = 30), hyaline, smooth, wall slight-
ly constricted near both ends of cell; germination of conidia not observed, teleomorph not developed.

Figure 6. Podosphaera xanthii (TH1485) on zuc-
chini (Cucurbita pepo). A. Infected leaves. B. 
epiphyllous colonies. C. Mature conidiophore. 
D. Surface mycelium with papillate appresso-
ria (arrows). E. Apex of conidiophore with cat-
enate conidia containing multiple fibrosin bod-
ies (arrows). F. Mature secondary conidium 
with multiple fibrosin bodies (arrow). G. Line 
drawing of surface mycelium with papillate ap-
pressoria (arrow), mature conidiophores and 
conidia containing fibrosin bodies. H. Germi-
nating conidium. Scale bars: C = 50 µm; D, G, H 
= 20 µm; E, F = 10 µm.

Figure 7. Global distribution of Podosphaera 
xanthii (incl. synonyms, created with https://
www.mapchart.net). The distribution on coun-
try level is based on at least one local pub-
lished report. Highlighted areas do not reflect 
the actual distribution patterns of the species 
within each country.

https://www.mapchart.net
https://www.mapchart.net
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At least five species of powdery mildews have been reported from Cucurbita pepo, namely Golovi­
nomyces bolayi S. Takam., Lebeda & M. Götz (syn. G. cichoracearum auct. P.p.), G. orontii (Castagne) 
V.P. Heluta s.str., G. tabaci (Sawada) H.D. Shin, S. Takam. & L. Kiss (syn. G. cucurbitacearum (R.Y. Zeng & 
G.Q. Chen) Vakal. & Kliron.), Phyllactinia taurica (cited as syn. L. taurica), and Podosphaera xanthii (Wu 
and Kirschner 2017; Braun et al. 2019; Yeh et al. 2020). The three Golovinomyces species and Po. xanthii 
form catenate conidia, but only Po. xanthii presents fibrosin bodies within the conidia (Wu and Kirsch-
ner 2017). In contrast to Po. xanthii, conidia of P. taurica are formed solitary and primary conidia are 
ovoid-lanceolate with reticulate ornamentation (Figures 3D, 4A, B).
Known distribution. The species (incl. fungal synonyms) is cosmopolitan and broadly distributed in 
Asia, Europe, and North America, with additional scattered records from Central America (Nicaragua), 
South America (Argentina, Brazil), Africa (South Africa, Uganda), the West Indies (Puerto Rico), and 
Oceania (Australia, New Zealand, Solomon Islands) (Farr et al. 2026; GBIF 2026). The fungus repre-
sents a new record for Panama (present study; Figure 7). 
Known hosts. The species (incl. fungal synonyms) parasitizes many hosts from multiple plant fami-
lies, but mainly Asteraceae, Cucurbitaceae (including zucchini), Fabaceae, and Verbenaceae (Farr et 
al. 2026). Previously reported hosts in Central America include Calibrachoa sp. (Brielmaier-Liebetanz 
et al. 2015). Previously reported hosts in South America include Buddleja brasiliensis Jacq. ex Spreng., 
Cucumis melo L., Cucurbita maxima Duchesne, Cu. Moschata Duchesne, Glandularia pulchella (Sweet) 
Tronc., Lagenaria siceraria (Molina) Standl., and Verbena litoralis Kunth (Braun et al. 2001; Delhey et al. 
2003; Havrylenko and Takamatsu 2005; Dorneles et al. 2018).

Phylogenetic analysis
The concatenated dataset comprised 96 taxa (three newly generated in this study and 93 sequences 
retrieved from GenBank, NCBI) and yielded 3346 aligned nucleotide positions, including 1516 unique 
site patterns, 815 parsimony-informative sites, and 2334 constant sites. The sequences retrieved from 
GenBank were used at their original lengths. The alignment of ITS consisted of 1797 positions, where-
as RPB2 consisted of 803 and TUB of 746, respectively. Sequences representing the genera Erysiphe, 
Phyllactinia/Leveillula, and Podosphaera were used in the analysis, with species of Blumeria as outgroup. 
The generated maximum-likelihood phylogenetic tree is shown in Figure 8. 

The multilocus phylogenetic analysis revealed that the sequences obtained from Panamanian 
specimens TH1477, TH1476, and TH1485, grouped within the lineages of Erysiphe heraclei, Phyllacti­
nia taurica, and Podosphaera xanthii, respectively (Figure 8). TH1477 on D. carota clustered with good 
branch support (75/0.99/98; SH-aLRT/aBayes/UFBoot) next to sequences of E. heraclei on D. carota 
from China and Eryngium foetidum from Taiwan. The phylogenetic placement of TH1477, together with 
the observed morphological characteristics and associated host plant, confirm the identification of 
the specimen from Panama as E. heraclei. Interestingly, the sequence from the holotype of E. pavoniae 
received strong support (88/0.99/97) in sister position to the sequences of E. heraclei from Panama, 
China and Taiwan. And sequences of E. bistortae, including one from the holotype, also formed a clade 
within the E. heraclei complex with moderate support (86/0.95/85). In the phylogenetic tree based 
solely on ITS sequences (Supplemental Data S1) TH1477 was located in the same position as in the 
multilocus phylogeny with lower branch support (–/0.98/97). The topologies of the Erysiphe heraclei/ 
E. betae/E. malvae clades in the ITS and multilocus trees are almost identical, but branch support is 
overall lower in the ITS only phylogeny.

The sequence from specimen TH1476 grouped within the P. taurica species complex, together with 
sequences of P. taurica and P. cleomes, the latter might correspond to a wrongly identified sequence of 
P. taurica, as well as sequences of different species of Leveillula in insufficiently resolved clusters (Figure 
8). The main clade of the P. taurica species complex received moderate support (82/–/89). Although 
the internal relationships within the P. taurica complex were weakly supported in our analysis, TH1476 
was consistently recovered within the P. taurica lineage, corroborating the identification of the Pana-
manian specimen as P. taurica s.l. Several sequences of yet unresolved species of Leveillula cluster in the 
P. taurica clade, namely L. chrozophorae U. Braun, L. elaeagni (Jacz.) Simonyan & V.P. Heluta, L. helichrysi 
V.P. Heluta, L. linariae (Jacz.) U. Braun, L. papilionacearum (Kom.) U. Braun, L. rutae (Jacz.) U. Braun, and 
L. tropaeolicola T.Z. Liu & U. Braun. In the ITS-only phylogenetic tree, the position of TH1476 was iden-
tical (Supplemental Data S1) and the Phyllactinia taurica clade received moderate support (84/0.98/–).

The sequence obtained from voucher TH1485 clustered with strong branch support (97/1/99) 
with sequences of Po. xanthii from specimens on various host plants from Australia, Germany, Korea 
and Taiwan (Figure 8). Within this clade, TH1485 grouped consistently with sequences of Po. xanthii 



Check List 22 (5) · https://doi.org/10.15560/22.5.882

Hofmann et al. · Powdery mildew fungi from Panama� 893

on Phyllanthus tenellus from Taiwan and Cucurbita maxima from Korea. The phylogenetic placement 
of TH1485, together with the observed morphological characteristics and the associated host plant, 
confirm the identification of the specimen from Panama as Po. xanthii. In the ITS tree the position of 
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Erysiphe polygoni PM-19 on Polygonum aviculare Pakistan

Podosphaera xanthii WTY12 on Cuphea hyssopifolia Taiwan

Phyllactinia zanthoxylicola RMS0017042 on Zanthoxylum americanum USA:Wisconsin

Phyllactinia guilanensis MUMH 805 on Chondrilla juncea Iran

Leveillula tropaeolicola NCSLG24724 on Tropaeolum majus Portugal

Erysiphe polygoni MUMH<JPN>:7036 on Polygonum aviculare Azerbaijan

Phyllactinia celastri NY02942876 on Celastrus scandens USA:New York

Podosphaera xanthii R. Kirschner 3565 on Sesamum indicum Taiwan

Phyllactinia aesculi WSP5516 on Aesculus californica USA:California

Phyllactinia leucaenae NCSLG24627 on Leucaena leucocephala Mexico

Erysiphe acetosae HAL 2119 F on Rumex acetosella Germany

Erysiphe pavoniae HAL 1432 on Pavonia zeylanica India

Leveillula rutae NCSLG24700 on Haplophyllum sieversii China

Erysiphe malvae HAL 003362F on Malva sylestris Ukraine

Erysiphe lathyrina HAL 1356 F on Lathyrus rotundifolius Armenia

Phyllactinia taurica HMJAU-PM92030 on Capsicum annuum China

Phyllactinia taurica GUM73 on Capsicum annuum Iran

Erysiphe convolvuli FH00941244 on Convolvulus arvensis USA

Podosphaera xanthii AKII0009 on Phyllanthus tenellus Taiwan

Podosphaera tridactyla 65909 on Prunus padus Germany

Erysiphe buhrii HMUT64493 on Gypsophila capituliflora China

Erysiphe bistortae LAH36143 on Bistorta amplexicaulis Pakistan

Podosphaera xanthii BRIP 23226 on Vigna angularis Australia

Phyllactinia taurica PNFLT16001 on Capsicum annuum Mexico

Phyllactinia taurica NCSLG24726 on Cucurbita maxima USA:Oregon

Phyllactinia taurica TH1476 on Capsicum annuum Panama

Erysiphe betae KUSF29140 on Beta vulgaris Korea

Leveillula linariae EREM8179 on Linaria kurdica Armenia

Phyllactinia philadelphi WSP44839 on Philadelphus lewisii USA:Washington

Phyllactinia taurica FLAS F57477 on Capsicum sp. USA

Erysiphe betae FH01131056 on Beta vugaris subsp. vulgaris USA

Phyllactinia taurica KUS-F28536 on Cucurbita ficifolia South Korea

Podosphaera xanthii BRIP 11696 on Macrotyloma daltonii Australia

Podosphaera xanthii KUS-F27525 on Cucurbita maxima Korea

Podosphaera xanthii R. Kirschner 4632 on Benincasa hispida Taiwan

Blumeria graminis NCSLG22543 Triticum aestivum USA:North Carolina

Podosphaera cardamines NCSLG24633 on Cardamine macrophylla Kazakhstan

Blumeria graminicola NCSLG22537 Poa pratensis USA:North Carolina

Phyllactinia jaczewskii GUM1758 on Dodartia orientalis Iran
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Figure 8. Maximum-likelihood phylogenetic tree of selected species of Erysiphaceae (Blumeria, Erysiphe, Leveillula, Neoerysiphe, Phyllactinia, and Podosphaera) inferred from a con-
catenated ITS, RPB2, and TUB dataset using IQ-TREE v. 3.0.0. The tree was rooted with B. graminicola, B. graminis, and B. hordei. Branch support values are shown at the nodes as 
SH-aLRT/aBayes/UFBoot, only branch support values with SH-aLRT ≥ 80 %, aBayes ≥ 0.95 %, and UFBoot ≥ 70 % are shown. Type material is indicated in bold, and newly gener-
ated sequences from Panama are highlighted in blue.
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TH1485 was identical (Supplemental Data S1), but the Po. xanthii clade received a lower branch support 
(86/0.96/95) compared to the multilocus phylogeny.

Discussion
The present study provides new insights into the diversity, distribution, hosts, and phylogeny of pow-
dery mildews (Ascomycota, Helotiales, Erysiphaceae) on food crops in Panama. With the documenta-
tion of Erysiphe heraclei, Phyllactinia taurica s.l., and Podosphaera xanthii as new country records and E. 
heraclei as new regional record, the known number of powdery mildews in Panama rises from 10 to 
13 species. 

The multilocus phylogenetic analysis resulted in well-supported topologies that allowed the place-
ment of the Panamanian material in the lineages of E. heraclei, P. taurica s.l., and Po. xanthii, respective-
ly. The analysed sequences of E. heraclei, E. betae, and E. malvae clustered together in a complex with 
moderate support, similar to previous multilocus analyses (Bradshaw et al. 2024b; Zhang et al. 2025), 
as well as ITS+28S analyses (Takamatsu et al. 2015; Bolay et al. 2021; Zafar et al. 2023; Darsaraei et al. 
2024). The finding that sequences from holotype material of E. pavoniae and E. bistortae also cluster in 
the E. heracleid/E. betae/E. malvae complex, stands in contrast to previous studies, where E. pavoniae 
and E. bistortae form clades in sister positions to the E. heraclei group (Bradshaw et al. 2024b; Zhang et 
al. 2025). The existence of a large assembly of minimally differentiated sequences of Phyllactinia and 
Leveillula within the P. taurica clade was previously shown by Khodaparast et al. (2001), Bradshaw et al. 
(2025), and Massire et al. (2025). The sequences of Leveillula that clustered within the P. taurica clade 
have not yet been corroborated in phylogenetic studies (Bradshaw et al. 2025) and require further 
analyses. For many of the studied taxa of powdery mildews, only ITS+28S sequence data exist and 
multilocus analysis as well as broad-scale sampling will be required to achieve better resolution on 
species level within these complex clades. 

This study highlights existing knowledge gaps regarding powdery mildew pathogens in Panama, 
especially on local food crops. In many tropical countries, basic occurrence data of fungi, compiled in 
national fungal checklists, are lacking (Piepenbring 2007; Piepenbring et al. 2020), and even common 
and widespread pathogens remain poorly studied. A good example is P. taurica (syn. Leveillula taurica) 
with very few scientifically published occurrence records from Central and South America (Massire 
et al. 2025; Farr et al. 2026). This emphasises the importance of documenting fungus–host records 
in scientific peer-reviewed journals (Dugan et al. 2009; Bradshaw et al. 2024a), especially in tropical 
regions with limited sampling coverage. In Panama many fungal diseases are not well documented 
(Kirschner et al. 2018) and disease diagnostics is deficient. The witnessed infections of P. taurica in the 
present study have been severe, affecting entire crop productions in green houses. The impact of this 
particular pathogen on the local food production, especially peppers and tomatoes, might be highly 
underestimated. As far as we know, no reliable estimates of crop loss due to fungal pathogens are 
available in Panama. To improve the quality of disease diagnosis and management, standard diag-
nostic tools should include opportunistic sampling, scientific documentation, morphological analysis, 
and DNA barcoding of fungi. More basic and applied mycological research is needed to improve our 
understanding of native fungal diseases and their impact on local food crop production.  
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