(&3 MycoKeys

MycoKeys 115: 241-271 (2025)
DOI: 10.3897/mycokeys.115.148914

Research Article

Three new species of Fusarium (Nectriaceae, Hypocreales)
isolated from Eastern Cape dairy pastures in South Africa

Claudette Dewing'®, Cobus M. Visagie'®, Emma T. Steenkamp'®, Brenda D. Wingfield'®, Neriman Yilmaz'

1 Department of Biochemistry, Genetics and Microbiology, Forestry and Agricultural Biotechnology Institute (FABI), Faculty of Natural and Agricultural Sciences,

University of Pretoria, Pretoria, South Africa

Corresponding author: Neriman Yilmaz (neriman.yilmaz@fabi.up.ac.za)

OPEN aACC ESS

Academic editor: Rajesh Jeewon
Received: 6 February 2025
Accepted: 3 March 2025
Published: 20 March 2025

Citation: Dewing C, Visagie CM,
Steenkamp ET, Wingfield BD, Yilmaz N
(2025) Three new species of Fusarium
(Nectriaceae, Hypocreales) isolated
from Eastern Cape dairy pastures

in South Africa. MycoKeys 115:
241-271. https://doi.org/10.3897/
mycokeys.115.148914

Copyright: © Claudette Dewing et al.
This is an open access article distributed under
terms of the Creative Commons Attribution

License (Attribution 4.0 International - CC BY 4.0).

Abstract

A survey of the fungal diversity associated with mixed pastures from Eastern Cape dairy
farms in South Africa led to the isolation of 155 Fusarium strains that belong to the Fusari-
um incarnatum-equiseti species complex (FIESC). Using single and multigene phylogenies
based on partial sequences of the translation elongation factor 1-alpha (TEF), calmodulin
(CaM), and the partial RNA polymerase second largest subunit (RPB2) genes, we identified
11 species. They included F. brevicaudatum, F. clavus, F. coffeatum, F. croceum, F. goeppert-
mayerae, and F. heslopiae, with five species that were found to be new. Based on morpholog-
ical and phylogenetic data, three new species are formally described here as F. cumulatum,
F. mariecurieae, and F. pascuum. We also provided a description for F. goeppertmayerae, as
the authors who identified and named this species did not include one. We have chosen to
not describe the remaining species, as our cultures lack proper morphological structure de-
velopment. This study shows that mixed pastures harbour a diverse range of Fusarium spe-
cies and highlights the need for further studies into their potential to impact animal health.

Key words: Fusarium camptoceras, GCPSR, molecular phylogenetics, morphology,
mycotoxins

Introduction

Well-maintained pastures are important for promoting the well-being of cattle, as
they directly impact the animals’ nutrition, overall health and productivity (Marais
2001; Neal et al. 2007; Botha et al. 20083, 2008b; Doxey 2014; van der Colf et al.
2015). Several grass species from Poaceae are used for grazing worldwide (Charl-
ton and Stewart 1999; Lowe 2009; Truter et al. 2015). In South Africa the preferred
species are Cenchrus clandestinus (formerly known as Pennisetum clandestinum;
kikuyu), Lolium multifiorum (annual ryegrass) and L. perenne (perennial ryegrass)
(Truter et al. 2015). Despite the obvious nutritional value of pastures, they can also
pose health risks to grazing animals under certain circumstances, e.g., kikuyu poi-
soning in cattle (Bryson and Newsholme 1978; Newsholme et al. 1983; Wong et
al. 1987; Bourke 2007; Ryley et al. 2007; Botha et al. 2014) or when the growth of
mycotoxigenic fungi leads to mycotoxin build-up in pastures (Golinski et al. 2003;
Driehuis et al. 2008; Skladanka et al. 2011; Penagos-Tabares et al. 2021).
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Among the various factors that could affect the health of grazing cattle, Fu-
sarium species and their mycotoxins pose a significant risk. The genus Fusarium
comprises a diverse group of filamentous fungi that play significant roles in var-
ious ecological and agricultural contexts because of the range of lifestyles they
exhibit, including saprotrophic and endophytic modes, often associated with vari-
ous grass hosts (Leslie et al. 2004; Bentley et al. 2007; Summerell et al. 2010; Nor
Azliza et al. 2014, Laurence et al. 2016). Some Fusarium species are also well-
known pathogens to animals, humans and plants, and are important producers of
mycotoxins (Desjardins 2006; Leslie and Summerell 2006; O'Donnell et al. 2013;
Gallo et al. 2022). Fusarium mycotoxins that are particularly important from a tox-
icological standpoint include deoxynivalenol (Reed and Moore 2009; Skladanka
et al. 2011; Burkin and Kononenko 2015; Penagos-Tabares et al. 2021), fumon-
isins (Reed and Moore 2009; Gott et al. 2017) and zearalenone (di Menna et al.
1987; Reed et al. 2004; Reed and Moore 2009; Skladanka et al. 2011; Burkin and
Kononenko 2015; Nichea et al. 2015; Penagos-Tabares et al. 2021). These toxins
can cause severe health issues in animals, including abnormal foetal develop-
ment, disruptions in cell division and membrane function, reduced feed intake
leading to body weight loss, fertility problems, immunosuppression, inhibition of
protein synthesis, impaired mitochondrial function and, in severe cases, death
(Trenholm et al. 1985; Weaver et al. 1986; Smith et al. 1990; Edrington et al. 1995;
Moretti et al. 2013; Eskola et al. 2018; Aranega and Oliveira 2022). Furthermore,
certain Fusarium species and their associated mycotoxins have been suggested
as potential contributors to kikuyu poisoning cases in South Africa and Australia
(Ryley et al. 2007; Botha et al. 2014). However, this connection remains hypothet-
ical and unconfirmed due to limited availability of supporting data.

In 2020, cattle in the Eastern Cape province of South Africa showed symptoms
of facial eczema, a type of hepatogenous photosensitivity caused by the mycotox-
in sporidesmin A, produced by the fungus Pseudopithomyces chartarum (= Pitho-
myces chartarum) (Brook 1963; di Menna et al. 1970; Marasas and Schumann
1972; Kellerman et al. 1980; Kellerman and Coetzer 1985; Davis et al. 2021). A
fungal survey was subsequently conducted at 14 dairy farms to first determine
whether P chartarum was present in affected pastures and second to identify other
culturable fungi that may also be present (Dewing et al. 2025). The survey revealed
Fusarium as the most commonly isolated genus, particularly species within the Fu-
sarium incarnatum-equiseti species complex (FIESC). However, some strains in the
complex could not be satisfactorily identified to species level. Here we report on
the FIESC species present in Eastern Cape dairy pastures and describe three new
species using macro- and micro-morphological characterisation with the support
of multigene phylogenetic approaches. We also supply F. goeppertmayerae with the
necessary macro- and micro-morphological characterisation information, as this
was not supplied by Tan and Shivas (2023), who identified and named this species.

Materials and methods
Sampling and isolations

A total of 95 mixed pasture grass samples (primarily a mixture of kikuyu and
ryegrass) were collected from 14 dairy farms in the Eastern Cape province
of South Africa in May 2020, with a specific focus on identifying Fusarium
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species (Table 1). These pastures were potentially associated with a facial
eczema outbreak in cattle. Plant material was cut into small pieces (x4 mm)
and plated onto potato dextrose agar (PDA; Becton, Dickinson and Company
(BD), Franklin Lakes, USA) and water agar (WA). Both were supplemented
with chloramphenicol (100 ppm). The plates were incubated for 7-10 d at
25 °C and checked regularly for fungal growth. Colonies were transferred to
pure cultures onto %“PDA supplemented with chloramphenicol (100 ppm).
Single spore cultures were prepared for all Fusarium strains following Leslie
and Summerell (2006). Strains were accessioned and preserved in cryovi-
als containing 10% glycerol and stored at -80 °C in the Applied Mycology
working culture collection (CN) housed at the Forestry and Agricultural Bio-
technology Institute (FABI) at the University of Pretoria, South Africa. Ad-
ditionally, representative strains were deposited in the culture collections
of FABI (Collection Mike Wingfield (CMW) and Collection Mike Wingfield at
Innovation Africa (CMW-1A)) and the Westerdijk Fungal Biodiversity Institute
(CBS) in Utrecht, the Netherlands (Table 1).

DNA extraction, PCR, and sequencing

Genomic DNA was extracted from 7-d-old fungal cultures grown on %PDA and
incubated at 25 °C, using the PrepMan Ultra Sample Preparation Reagent (Ther-
mo Fisher Scientific, Waltham, USA) following the manufacturer’s instructions.
PCR amplification of the translation elongation factor 1-alpha (TEF), calmodulin
(CaM), RNA polymerase largest subunit (RPBT) and RNA polymerase second
largest subunit (RPB2) loci was conducted using primer pairs and thermal cycle
conditions as described in Table 2. The PCR reactions were set up in 25 pL vol-
umes using 17.3 yL Milli-Q water (Millipore Corporation, Burlington, USA), 2.5
UL 10 x FastStart Taq PCR reaction buffer containing 20 mM MgCl, (Sigma-Al-
drich, Roche Diagnostics, Manheim, Germany), 2.5 yL of 100 mM of each de-
oxynucleotide (New England Biolabs, Inc., Ipswich, USA), 0.5 L forward primer
(10 pM), 0.5 pL reverse primer (10 pM), 0.5 pL 25 mM MgCl, (Sigma-Aldrich,
Roche Diagnostics), 0.2 pL of 5 U/uL FastStart Tag DNA Polymerase (Sigma-Al-
drich, Roche Diagnostics, Manheim, Germany), and 1 L template DNA. PCR
products were prepared for sequencing using 2 pL ExoSAP-IT PCR clean-up
reagent (1 U/pL FastAP Thermosensitive Alkaline Phosphatase, 20 U/pL Ex-
onuclease | (Thermo Fisher Scientific, Waltham, USA)) and 5 pL PCR product.
Sequencing was done bi-directionally using the BigDye terminator sequencing
kit v. 3.1 (Applied Biosystems, Foster City, USA) with the same primers used for
PCR amplification. Reactions were analysed on an ABI PRISM 3100 DNA se-
quencer (Applied Biosystems, Foster City, USA). Contigs were assembled and
edited in Geneious Prime v. 2019.2.1 (BioMatters Ltd., Auckland, New Zealand).
All sequences generated in this study were deposited in GenBank, with acces-
sion numbers provided in Table 1.

Phylogenetic analyses

Initial identifications of all Fusarium strains relied on BLAST search compar-
isons against the Fusarium-MLST database (https://fusarium.mycobank.
org). These results were then used to produce a reference dataset for the
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FIESC using previously deposited sequences obtained from the NCBI nucle-
otide database, largely based on O'Donnell et al. (2009) and Xia et al. (2019)
(Suppl. material 5). Several phylogenetic trees were computed. The first in-
cluded selected reference and newly generated sequences, using TEF, CaM
and RPB2. Multi- and single-gene trees were calculated from these data-
sets, with final identifications being based on these trees. We also comput-
ed a phylogeny using a more comprehensive dataset based on TEF. This
phylogeny included all strains obtained from our study, as well as those
strains from Avila et al. (2019), Botha et al. (2014), Crous et al. (2021), Lom-
bard et al. (2022), O'Donnell et al. (2009), O’'Donnell et al. (2012), Tan and
Shivas (2023), Tan and Shivas (2024) and Xia et al. (2019) that contained
highly similar identities to ours. The datasets were aligned using MAFFT v.
7.427 (Katoh and Standley 2013) with the G-INS-I option selected in Gene-
ious Prime. For the concatenated dataset, each gene region was treated
as a separate partition. Maximum Likelihood (ML) trees were calculated
in IQ-TREE v. 2.1.2 (Nguyen et al. 2015) with the General Time Reversible
nucleotide substitution model with gamma distribution with invariant sites
(GTR+G+l) applied to each partition. Support of nodes was calculated with
a standard nonparametric bootstrap analysis with 1,000 replicates (Felsen-
stein 1985). The resulting trees were visualised using Figtree v. 1.4.4 and
edited in Affinity Designer v. 1.7.3 (Serif (Europe) Ltd, Nottingham, UK).

Morphological characterisation

Fusarium strains were characterised based on macro- and micromorphologi-
cal features (Leslie and Summerell 2006; Aoki et al. 2013; Sandoval-Denis et
al. 2018; Yilmaz et al. 2021). After a 7 d incubation on synthetic nutrient-poor
agar (SNA) (Nirenberg 1976) at 25 °C, agar plugs were removed from the col-
ony edges with a 5 mm diameter cork borer and transferred to PDA, oatmeal
agar (OA) and SNA for colony morphology and pigmentation assessment. The
plates containing the agar plugs were incubated under different light condi-
tions for 7 d, which included 24 h darkness, 24 h near-ultraviolet (nUV) light and
a 12/12 h dark/nUV light cycle. Colony colour and codes used in descriptions
followed the Methuen Handbook of Colour (Kornerup and Wanscher 1978).
Colony growth rates were evaluated on PDA incubated for 7 d at 10—-35 °C with
5 °C intervals in 24 h darkness. Colony measurements were recorded daily in
four perpendicular directions. Colony images were captured with a Sony Alpha
a7 lll camera equipped with a Sony FE 90 mm f/2.8 Macro G 0SS lens (Tokyo,
Japan). Sporodochial formation was evaluated after a 7 d incubation period
at 25 °C under a 12/12 h dark/nUV light cycle on SNA and WA, both supple-
mented with sterilised pieces of carnation leaves. Micromorphological char-
acteristics were examined with a Zeiss AXIO Imager.A2 compound and AXIO
Zoom.V16 microscope equipped with an AxioCaM 512 colour camera driven by
Zen Blue 3.2 software (Carl Zeiss CMP, Gottingen, Germany). Conidia and other
morphological structures were measured using up to 50 measurements each
in NIS-Elements Basic Research software v. 4.30.00 (Nikon Europe B.V.). Pho-
tographic plates were prepared using Affinity Designer v. 1.7.3 (Serif (Europe)
Ltd, Nottingham, UK).
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Table 1. Fusarium strains from the Fusarium incarnatum-equiseti species complex (FIESC) isolated from mixed dairy
pastures from the Eastern Cape, South Africa.

Species

Camptoceras-clade (FIESC; Han et al. (2023) = orginally the FCAMSC)
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.

F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
F. pascuum sp.
Equiseti-clade (FIESC)

nov.
nov.
nov.
nov.
nov.
nov.
nov.

nov.
nov.
nov.
nov.
nov.
nov.
nov.
nov.
nov.
nov.

F. brevicaudatum

F. brevicaudatum

F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. clavus
F. croceum
F. croceum
F. croceum
F. croceum
F. croceum
F. croceum
F. croceum
F. croceum
F. croceum
F. croceum

Strain

CMW-IA 003320 = CMW 61364 = CNO56A8
CMW 58649 = CNO70E7
CMW 58650 = CNO70F7

CMW-IA 002133 = CMW 60931 = CNO70I3
CMW 58651 = CN07014
CMW 58652 = CN071B8

CBS 151772 = CMW 58653 = CN159G4 =
CNO71C4

CMW 58654 = CN071D3
CMW 58655 = CNO71E9
CMW 58656 = CNO71F9
CMW 58657 = CNO71G8
CMW 58658 = CNO7113
CMW 58659 = CNO7115
CMW 58660 = CNO7119
CMW 58661 = CNO72A1
CMW 58662 = CN104D6
CMW 58663 = CN104D7

CMW-IA 003335 = CMW 61379 = CN0O71C6
CMW-IA 003765 = CMW 61537 = CN110E5
CMW-IA 001930 = CMW 60748 = CN041D2
CMW-IA 003330 = CMW 61374 = CNO70H4

CNO70H7

CNO07018

CNO71A3

CNO71A4

CNO071B3

CNO71B4

CNO71D1

CNO071D2

CNO071D8

CNO71E1

CNO71E2

CNO071G5

CNO071G6

CNO71H6

CNO072A6

CNO72A9

CNO72E4
CMW-IA 001923 = CMW 60732 = CN04017
CMW-IA 001934 = CMW 60752 = CN041D9

CN048C3

CNO70F6
CMW-IA 003326 = CMW 61370 = CNO70F8

CNO70F9

CNO070G4

CNO070G6

CNO070G7

CNO70H1
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TEF

OR670986
PP187098
OR670991
PP187102
OR671007
OR671025
OR671027

OR671033
OR671039
OR671044
OR671051
OR671057
OR671058
OR671061
OR671062
OR671090
OR671091

OR671028
OR671114
OR670983
OR671001
PP187101
OR671010
OR671013
OR671014
OR671020
OR671021
OR671031
OR671032
OR671034
OR671035
OR671036
OR671049
OR671050
OR671054
OR671066
OR671069
OR671076
OR670982
OR670984
OR670985
OR670990
OR670992
PP187099
OR670995
OR670997
OR670998
OR671000

CaM

OR669177
OR669181
PP187122
OR669194
OR669210
OR669212

OR669216
OR669221
OR669225
OR669229
OR669233
OR669234
OR669237
OR669238
OR669265
OR669266

OR669189
PP187121
OR669197
OR669200
OR669201
OR669205
OR669206
OR669215
OR669217
OR669218
OR669227
OR669228
OR669241
OR669244
OR669251

OR669184
OR669186
OR669188

RPB1

PP187127
PP187129
PP187132
PP187144
PP187152
PP187155

PP187158
PP187161
PP187166
PP187168
PP187173
PP187175
PP187179
PP187180
PP187190
PP187191

PP187135
PP187137
PP187138

RPB2

PP235233
PQ467747
PP158160
PQ467748
PQ467749
PP158176
PP158178

PQ467750
PP158183
PP235238
PQ467751
PQ467752
PP158189
PQ467753
PP158191
PP158199
PQ467754

PP158167
PP158174

PP158180
PP158187

PP158193
PP158195
PP158196

PQ467755
PP158162
PQ467756
PQ467757
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Claudette Dewing et al.: Three new Fusarium species from dairy pastures

Species Strain TEF CaM RPB1 RPB2

F. croceum CNO70H5 OR671002 OR669190 - -

F. croceum CNO70I1 OR671005 OR669193 PP187143 PQ467758
F. croceum CNO07012 OR671006 - - -

F. croceum CNO70I5 OR671008 OR669195 PP187145 PP158165
F. croceum CNO70I19 OR671011 OR669198 PP187147 PP158168
F. croceum CNO71B1 OR671018 OR669203 PP187148 PP158173
F. croceum CNO071C7 OR671029 OR669213 PP187156 PQ467759
F. croceum CNO71F1 OR671040 OR669222 PP187162 PP158184
F. croceum CNO071G1 OR671045 - - -

F. croceum CN071G2 OR671046 - - -

F. croceum CNO071G3 OR671047 - PP187167 -

F. croceum CNO71H3 PP187104 - PP187170 PQ467760
F. croceum CNO71H7 OR671055 OR669231 PP187171 PP158188
F. croceum CNO07114 PP187105 PP187124 PP187174 PP235239
F. croceum CNO72A5 OR671065 OR669240 - -

F. croceum CNO72A8 OR671068 OR669243 PP187182 PP158194
F. croceum CNO072B1 OR671070 OR669245 PP187183 PQ467761
F. croceum CNO072B4 OR671072 OR669247 - -

F. croceum CNO072B8 OR671074 OR669249 - PP235242
F. croceum CN103E5 OR671077 OR669252 - -

F. croceum CN103E6 OR671078 OR669253 - -

F. croceum CN104B9 OR671079 OR669254 - -

F. croceum CN104C1 OR671080 OR669255 - -

F. croceum CN104C3 OR671082 OR669257 - -

F. croceum CN104C4 OR671083 OR669258 - -

F. croceum CN104C5 OR671084 OR669259 - -

F. croceum CN104C7 OR671085 OR669260 - -

F. croceum CN104C9 OR671086 OR669261 - -

F. croceum CN104D5 OR671089 OR669264 - -

F. croceum CN104D8 OR671092 OR669267 - -

F. croceum CN104E4 OR671094 - - -

F. croceum CN104E8 OR671095 - - -

F. croceum CN106E9 OR671096 - - -

F. croceum CN110D4 OR671107 - - -

F. croceum CN110D6 OR671109 - - -

F. croceum CN110D8 OR671110 - - -

F. croceum CN110E1 OR671112 - - -

F. croceum CN115A2 PP187108 - - -

F. croceum CN115A3 PP187109 - - -

F. croceum CN115A4 PP187110 - - -

F. croceum CN115B2 PP187111 — - —

F. croceum CN115B6 PP187112 - - -

F. croceum CN115C8 PP187114 - - -

F. croceum CN115D9 PP187117 - - -

F. croceum CN119E7 PP187119 - - -

F. cumulatum sp. nov. CMW 58686 = CN071B9 OR671026 OR669211 PP187153 PP158177
F. cumulatum sp. nov. CMW 58687 = CNO71ES OR671038 OR669220 PP187160 PP158182
F. cumulatum sp. nov. CMW-IA 002138 = CMW 60936 = CNO71G4 OR671048 OR669226 - PP158186
F. cumulatum sp. nov. CBS 151773 = CMW 58688 = CN104D3 OR671087 OR669262 PP187188 PP158197
F. heslopiae CNO71C8 OR671030 OR669214 PP187157 PP158179
Incarnatum-clade (FIESC)

F. coffeatum CMW-IA 003332 = CMW 61376 = CNO71A2 OR671012 OR669199 - PP158169
F. coffeatum CNO71A5 OR671015 OR669202 - PP158170
F. coffeatum CNO71A6 OR671016 - - PP158171
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Claudette Dewing et al.: Three new Fusarium species from dairy pastures

Species Strain TEF CaM RPB1 RPB2

F. coffeatum CNO71A7 OR671017 - - PP158172
F. coffeatum CMW-IA 003334 = CMW 61378 = CNO71B5 OR671022 OR669207 - PP158175
F. coffeatum CMW-IA 003341 = CMW 61385 = CN072A4 OR671064 - - -

F. coffeatum CNO072A7 OR671067 OR669242 - -

F. goeppertmayerae CBS 151775 = CMW 58689 = CN040I5 OR670981 OR669176 PP187126 PP158159
F. goeppertmayerae CMW 58690 = CNO70F3 OR670988 OR669179 PP187130 PP235234
F. goeppertmayerae CMW 58691 = CN070G8 OR670999 OR669187 PP187139 PP158163
F. goeppertmayerae CMW 58692 = CN070G9 PP187100 PP187120 PP187140 PP235236
F. goeppertmayerae CMW-IA 002132 = CMW 60930 = CNO70H9 OR671004 OR669192 PP187142 PP158164
F. goeppertmayerae CMW-IA 003340 = CMW 61384 = CNO71H2 OR671053 - - -

F. goeppertmayerae CMW 58693 = CNO71H8 OR671056 OR669232 PP187172 PQ467762
F. goeppertmayerae CMW 58694 = CNO7116 OR671059 OR669235 PP187176 PP158190
F. goeppertmayerae CMW 58695 = CNO7117 PP187106 PP187125 PP187177 PQ467763
F. goeppertmayerae CMW 58696 = CN0O7118 OR671060 OR669236 PP187178 PP235240
F. goeppertmayerae CMW 58697 = CN104D4 OR671088 OR669263 PP187189 PP158198
F. goeppertmayerae CMW 58698 = CN106F2 OR671098 OR669270 PP187194 PP158201
F. goeppertmayerae CMW 58699 = CN106F3 OR671099 OR669271 PP187195 PP235244
F. goeppertmayerae CMW 58700 = CN106F4 OR671100 OR669272 PP187196 PP158202
F. mariecurieae sp. nov. CMW 58664 = CNO70ES OR670987 OR669178 PP187128 PQ467764
F. mariecurieae sp. nov. ~ CMW-IA 002131 = CMW 60929 = CNO70F5 OR670989 OR669180 PP187131 -

F. mariecurieae sp. nov. CMW 58665 = CN070G2 OR670994 OR669183 PP187134 PP158161
F. mariecurieae sp. nov. ~ CMW-IA 003328 = CMW 61372 = CN070G5 OR670996 OR669185 PP187136 PP235235
F. mariecurieae sp. nov. CMW 58666 = CNO70H6 OR671003 OR669191 PP187141 PQ467765
F. mariecurieae sp. nov. CBS 151774 = CMW 58667 = CN0O7017 OR671009 OR669196 PP187146 PP158166
F. mariecurieae sp. nov. CMW 58668 = CN071B2 OR671019 OR669204 PP187149 PQ467746
F. mariecurieae sp. nov. CMW 58669 = CN071C1 PP187103 PP187123 PP187154 PQ467766
F. mariecurieae sp. nov. CMW 58670 = CNO71E4 OR671037 OR669219 PP187159 PP158181
F. mariecurieae sp. nov. ~ CMW-IA 002136 = CMW 60934 = CNO71F2 OR671041 - PP187163 PP235237
F. mariecurieae sp. nov. ~ CMW-IA 002137 = CMW 60935 = CNO71F3 OR671042 OR669223 PP187164 PQ467767
F. mariecurieae sp. nov. CMW 58671 = CNO71F4 OR671043 OR669224 PP187165 PP158185
F. mariecurieae sp. nov. CMW 58672 = CNO71H1 OR671052 OR669230 PP187169 PQ467768
F. mariecurieae sp. nov. CBS 152079 = CMW 58673 = CN072A3 OR671063 OR669239 PP187181 PP158192
F. mariecurieae sp. nov. CMW 58674 = CN072B2 OR671071 OR669246 PP187184 PP235241
F. mariecurieae sp. nov. CMW 58675 = CN072B6 OR671073 OR669248 PP187185 PQ467769
F. mariecurieae sp. nov. CMW 58676 = CNO72E2 OR671075 OR669250 PP187186 PQ467770
F. mariecurieae sp. nov. CMW 58677 = CN104C2 OR671081 OR669256 PP187187 PP235243
F. mariecurieae sp. nov. CMW 58678 = CN104E1 OR671093 OR669268 PP187192 PQ467771
F. mariecurieae sp. nov. CMW 58679 = CN106F1 OR671097 OR669269 PP187193 PP158200
F. mariecurieae sp. nov. CMW 58680 = CN106F8 PP187107 - - -

F. mariecurieae sp. nov. ~ CMW-IA 003763 = CMW 61535 = CN106F9 OR671101 OR669273 PP187197 PP235245
F. mariecurieae sp. nov. CMW 58681 = CN106G1 OR671102 OR669274 PP187198 PP158203
F. mariecurieae sp. nov. CMW 58682 = CN106G2 OR671103 - PP187199 PQ467772
F. mariecurieae sp. nov. CMW 58683 = CN106G3 OR671104 - PP187200 -

F. mariecurieae sp. nov. CMW 58684 = CN106G4 OR671105 - - -

F. mariecurieae sp. nov. CN106G5 OR671106 OR669275 PP187201 PP235246
F. mariecurieae sp. nov. ~ CMW-IA 003764 = CMW 61536 = CN110D9 OR671111 OR669277 PP187202 PP235247
F. mariecurieae sp. nov. CMW 58685 = CN110E2 OR671113 OR669278 PP187203 PP158204
F. mariecurieae sp. nov. CN115C6 PP187113 - - -

F. mariecurieae sp. nov. CN115C9 PP187115 - - -

F. mariecurieae sp. nov. CN115D4 PP187116 - - -

F. mariecurieae sp. nov. CN115E8 PP187118 - - -

Fusarium FIESC 27 CMW-IA 003327 = CMW 61371 = CNO70G1 OR670993 OR669182 PP187133 PQ276899
Fusarium sp. nov. 1 CMW-IA 002134 = CMW 60932 = CNO71B6 OR671023 OR669208 PP187150 PQ467773
Fusarium sp. nov. 1 CMW-IA 002135 = CMW 60933 = CNO71B7 OR671024 OR669209 PP187151 PQ467774
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Table 2. Primer pairs and PCR conditions used in this study.

Locus
TEF

CaM

RPB1

RPB2

72°C90s;72°C8min; 10 °C soak

72 °C 1 min; 72 °C 10 min; 10 °C soak

68 °C 2 min; 68 °C 5 min; 10 °C soak

68 °C 2 min; 68 °C 5 min; 10 °C soak

PCR amplification procedure Primer Primer sequence (5'-3')* Reference
95 °C 5 min; 35 cyclesof 95°C 455,52 °C 45, EF1 ATGGGTAAGGARGACAAGAC O’Donnell et al. (1998)
EF2 GGARGTACCAGTSATCATG O’Donnell et al. (1998)
94°C90s; 35 cycles 0f 94 °C 455,50 °C 45 s, CL1 GARTWCAAGGAGGCCTTCTC O’Donnell et al. (2000)
)

CL2A TTTTTGCATCATGAGTTGGAC O’Donnell et al. (2000

94°C90s; 5cycles of 94 °C 455,54 °C 45 s, Fa CAYAARGARTCYATGATGGGWC Hofstetter et al. (2007)
72 °C 2 min; 5cycles of 94°C 45,53 °C 45s,
72 °C 2 min; 35 cycles of 94 °C 45 s, 52 °C 45s,

72 °C 2 min; 72 °C 10 min; 10 °C soak

94°C90s; 5cycles of 94 °C 455,56 °C 45 s, F8 TTCTTCCACGCCATGGCTGGTCG O’Donnell et al. (2010)
72 °C 2 min; 5cycles of 94°C 45s,55°C 45s, G2R

R8 CAATGAGACCTTCTCGACCAGC O’Donnell et al. (2010)

GTCATYTGDGTDGCDGGYTCDCC | O’Donnell et al. (2010)

95 °C 5 min; 40 cycles of 94 °C 305,51 °C 90 s, 5F2 GGGGWGAYCAGAAGAAGGC Reeb et al. (2004)
7Cr CCCATRGCTTGYTTRCCCAT Liu et al. (1999)

95 °C 5 min; 40 cycles of 94 °C 305,51 °C 90 s, 7Cf ATGGGYAARCAAGCYATGGG Liu et al. (1999)
Tar GCRTGGATCTTRTCRTCSACC Liu et al. (1999)

*R=AorG;S=CorG;W=AorT;Y=CorT.

Results
Identifications and phylogenetic analyses

Isolations from the 95 mixed pasture grass samples collected in the Eastern
Cape resulted in 708 strains isolated, with 55 genera and 133 species identified
(Dewing et al. 2025). Of the 207 strains identified as Fusarium isolated from
12 of the 14 farms, 155 belonged to the Fusarium incarnatum-equiseti species
complex (FIESC) (Table 1). The aligned concatenated dataset included 120
taxa and was 2,954 bp long (CaM: 1-644; RPB2_1: 645-1,471; RPB2_2: 1,471—
2,334; TEF: 2,335-2,954). Fusarium concolor (NRRL 134597) was selected as
the outgroup. The obtained ML tree resolved strains into three main clades,
including the Incarnatum-clade, Equiseti-clade and Camptoceras-clade (O’Don-
nell et al. 2009; Xia et al. 2019; Han et al. 2023) (Fig. 1). Strains isolated from
pastures represented 11 species, with five well-supported clades representing
new species. Individual gene phylogenies for CaM, RPB2 and TEF were used to
assess these clades, applying genealogical concordance phylogenetic species
recognition (GCPSR: Taylor et al. (2000)) (Suppl. materials 1-3). In all analyses,
strains of the new species showed no discordance, noting that the branches
holding F. mariecurieae did not have support in the CaM and RPB2 phylogenies.

Incarnatum-clade—We identified five species in the Incarnatum-clade, includ-
ing F. coffeatum (FIESC 28; n = 7), F. goeppertmayerae (n = 14) and the clade
we introduce as F. mariecurieae (n = 33) below (Fig. 1, Suppl. materials 1-3).
Strains CMW 58691 and CMW 60930 showed variation in TEF by at least 11
bp but had similar CaM and RPB2 sequences from other F. goeppertmayerae
strains. Fusarium goeppertmayerae was described based on a single isolate
(BRIP 64547d"), and capturing this type of infraspecies variation is important to
better establish its species boundaries. We provide a description of the species
below in the Taxonomy section because Tan and Shivas (2023) did not pro-
vide this when naming their species. Two additional new species were isolated,
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Figure 1. Maximum likelihood phylogenetic tree of the Fusarium incarnatum-equiseti species complex based on a con-
catenated dataset, CaM, RPB2 and TEF. Strains of species isolated from this study are shown in black bold text; strains
of new species are indicated in red bold text. The tree was rooted to Fusarium concolor. Branch support in nodes higher
than 80% are indicated at relevant branches (" = ex-type, " = epitype, \™ = neotype).
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including Fusarium FIESC 27 (O’'Donnell et al. 2009) (n = 1) and Fusarium sp.
nov. 1 (n = 2). However, due to the absence of key microscopic characteristics,
we opted to not introduce names for these until additional strains are collected.

Equiseti-clade—Five of our species were resolved in the Equiseti-clade, from
which F. brevicaudatum (FIESC 6; n = 2), F. clavus (FIESC 5; n = 19), F. croceum
(FIESC 10; n = 55) and F. heslopiae (n = 1) are known species, while F. cumula-
tum (n = 4) is described below as a new species (Fig. 1, Suppl. materials 1-3).
The F. clavus clade contains a lot of variation. In the TEF phylogeny, F. clavus
strains form a unique group with F. tangerrinum, its closest relative. However, in
RPB2, both F. tangerrinum and F. extenuatum resolve inside the broader F. cla-
vus clade. In the CaM phylogeny, F. tangerrinum also resolves inside F. clavus,
but F. extenuatum is a distant relative. Future work is needed on this group. Our
F. croceum strains consistently formed a distinct clade closely related to other
F. croceum strains (including the ex-type CBS 1317777), with ours differing by at
least 9, 8 and 27 bp for CaM, RPB2 and TEF, respectively. Based on these find-
ings, we could introduce a new species for the clade. However, at present we
propose that our strains represent new genotypes of F. croceum with additional
strains that will be needed in the future. Finally, we identify strain CNO71C8 as
F. heslopiae, a species originally introduced based solely on a TEF sequence,
with no morphological description provided (Tan and Shivas 2024).

Camptoceras-clade—We identified a new species in the Camptoceras-clade,
which we introduce below as F. pascuum (n = 17) (Fig. 1, Suppl. materials 1-3).
The new species is a close relative of F. fecundum.

Taxonomy

Fusarium cumulatum Dewing, Visagie & Yilmaz, sp. nov.
MycoBank No: 855721
Fig. 2

Etymology. Latin, cumulatum, meaning to accumulate or heap up, named for its
abundant chlamydospore formation.

Type. SOUTH AFRICA * Eastern Cape, from mixed pasture samples, May 2020,
collected by A. Davis (holotype: PRU(M) 4601, dried specimen in a metaboli-
cally inactive state); (ex-type strain: CBS 151773 = CMW 58688 = CN104D3).

Description. Conidiophores borne on aerial mycelium scarce, 13-71 pm tall,
unbranched, bearing terminal phialides, often reduced to single phialides; aerial
phialides scarce, monophialidic, subulate to subcylindrical, proliferating percur-
rently, smooth- and thin-walled, 2.5-20 x 2—4 pm, with inconspicuous thicken-
ing; aerial conidia absent. Sporodochia orange, present on the surface of car-
nation leaves and on agar. Sporodochial conidiophores densely and irregularly
branched, bearing apical whorls of 2—5 phialides; sporodochial phialides mono-
phialidic, subulate to subcylindrical, 7-16.5 x 2—4 pm, smooth, thin-walled, with
inconspicuous periclinal thickening; sporodochial conidia falcate, sometimes
becoming sinuate, slender, curved dorsiventrally, tapering towards both ends,
with an elongated or whip-like curved apical cell and a barely notched to promi-
nently extended basal cell, 1-5-septate, hyaline, smooth- and thin-walled; 1-sep-
tate conidia 16 x 4 ym (n = 1); 2-septate conidia 18-30 x 3—4 pym (av. 25.2 x
3.6 um) (n = 3), 3-septate conidia 23-42 x 2.5-4 ym (av. 25.2 x 3.5 um) (n = 15),

MycoKeys 115: 241-271 (2025), DOI: 10.3897/mycokeys.115.148914 250


https://www.mycobank.org/MB/855721

Claudette Dewing et al.: Three new Fusarium species from dairy pastures

4-septate conidia 25.5-54.5 x 2.5-4 ym (av. 43.0 x 3.4 ym) (n = 14), 5-septate
conidia 38—57 x 3—-4.5 ym (av. 49.1 x 3.8 ym) (n = 17). Chlamydospores abun-
dant, globose to subglobose, subhyaline, smooth- to slightly rough-walled, ter-
minal or intercalary, solitary or in pairs forming chains, 8-=19 pm diam.

Culture characteristics. Colonies on PDA incubated at 25 °C in the dark
with an average radial growth rate of 2-8 mm/d, reaching 44-46 mm diam
at 25 °C; surface white, flat, felty to velvety, radiate, with abundant aerial
mycelium, margin irregular. Additional colony diam (after 7 d, in mm): PDA
10°C 13-15; PDA at 15 °C 22-26; PDA at 20 °C 27-32; PDA at 30 °C 64-75;
PDA at 35 °C 0-2. Odour absent. Reverse yellowish white (2A2). Diffusible
pigments absent. On OA in the dark, occupying an entire 90 mm Petri dish in
7 d; surface white to pale yellow, flat, felty to velvety, radiate, with abundant
aerial mycelium, margin irregular, filiform. Reverse yellowish white (4A2).
Diffusible pigments absent. On SNA with sparse aerial mycelium, sporula-
tion moderate on the surface of the medium.

Additional materials examined. SoUTH AFRICA * Eastern Cape, from mixed
pasture samples, May 2020, collected by A. Davis, isolated by C. Dewing,
Humansdorp area: CMW 58686 = CN071B9, CMW 58687 = CNO71ES5, close to
Villa Fonte: CMW-IA 002138 = CMW 60936 = CN071G4.

Notes. Fusarium cumulatum belongs to the Equiseti-clade and is closely
related to F. arcuatisporum (FIESC 7) (Wang et al. 2019), F. brevicaudatum
(FIESC 6) (Xia et al. 2019), F. heslopiae (Tan and Shivas 2024), F. longicau-
datum (Xia et al. 2019), F. khuzestanicum and F. oryzicola (Afzalinia et al.
2024). No aerial phialides or conidia were observed for the closely related
species (Wang et al. 2019; Xia et al. 2019; Afzalinia et al. 2024) compared to
the few scarce monophialides we recorded for F. cumulatum. Sporodochia
and chlamydospores were present in F. cumulatum and its closely related
species, whereas F. oryzicola lacked chlamydospore formation (Wang et al.
2019; Xia et al. 2019; Afzalinia et al. 2024). Sporodochial conidia of F. cumu-
latum (1-5-septate; 16—57 x 2.5—-4 um) are similar in length to F. arcuatis-
porum (5-septate; 29-49.5 x 4-6 um) (Wang et al. 2019) and F. brevicauda-
tum (1-5-septate; 8-64 x 3—-5 ym) (Xia et al. 2019), while generally being
shorter than those observed in F. khuzestanicum (4-7(-9)-septate; 48.5-82
x 2.7-4.3 ym) (Afzalinia et al. 2024), F. longicaudatum ((3—)5-6(—7)-septate;
45-81 x 4-5 ym) (Xia et al. 2019) and F. oryzicola (4-7-septate; 33.5-77.9
x 3—4 um) (Afzalinia et al. 2024). Colony colour on PDA differs between F.
cumulatum and closely related species (Wang et al. 2019; Xia et al. 2019;
Afzalinia et al. 2024) as other species show more colour across the surface
and reverse compared to the white surface and yellowish white (2A2) reverse
of F. cumulatum, whereas the colony colour of F. khuzestanicum and F. oryzi-
cola is white to pale grey. The growth rate after 7 d on PDA for F. cumulatum
(44-46 mm) is slower than that of F. arcuatisporum (48—53 mm) (Wang et al.
2019), F. brevicaudatum (50-58 mm) (Xia et al. 2019) and F. longicaudatum
(full 90 mm plate) (Xia et al. 2019). The growth rate for F. khuzestanicum
(74-76 mm) (Afzalinia et al. 2024) and F. oryzicola (74 mm) (Afzalinia et al.
2024) was measured after 5 d on PDA but appears to be faster than that of
F. cumulatum. No morphological data is currently available for F. heslopiae to
compare with. Pairwise comparisons revealed that F. cumulatum differs from
other species by at least 3, 6 and 16 bp for CaM, RPB2 and TEF, respectively.
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Figure 2. Fusarium cumulatum (CBS 151773, ex-type culture) A colonies front (top row) and reverse (bottom row) on
PDA after 7 d at 25 °C light, dark and nUV and OA after 7 d at 25 °C dark (from left to right), respectively B sporodochial
formation on the surface of carnation leaves C, D sporodochial conidiophores and phialides E-G aerial conidiophores
and phialides H-M intercalary and terminal chlamydospores N sporodochial conidia. Scale bars: 10 ym.
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Fusarium goeppertmayerae Y.P. Tan & R.G. Shivas, Index of Australian Fungi
5:7.2023.

MycoBank No: 900363

Fig. 3

Type. AUSTRALIA « Queensland, Bongeen, from the peduncle of Zea mays (Po-
aceae), 25 Feb. 2016, B. Thrift (holotype: BRIP 64547d, ex-type: CBS 150772).

Description. Conidiophores borne on aerial mycelium, 8.5-98 um tall, un-
branched, sympodial, bearing terminal or lateral phialides, often reduced to sin-
gle phialides; aerial phialides mono- and polyphialidic, subulate to subcylindrical,
proliferating percurrently, smooth- and thin-walled, 4-22 x 1.5-5 pym, with incon-
spicuous thickening; aerial conidia mostly fusiform, slender, curved dorsiventral-
ly, no apparent tapering observed at ends, blunt to conical and straight to slightly
curved apical cell and a blunt to papillate basal cell, 0—3-septate, 0-septate conid-
ia: 7-22 x 2=-5 um (av. 15.0 x 3.4 pm) (n = 9); 1-septate conidia: 12-19 x 2.5-4
pum (av. 15.6 x 3.4 ym) (n = 13); 2-septate conidia: 16—20 x 3.5-4 ym (av. 18.2 x
3.8 ym) (n = 2); 3-septate conidia: 21-31 x 3.5-4 pym (av. 23.9 x 3.9 ym) (n = 6).
Sporodochia pale yellow to white, formed between aerial mycelia around the
carnation leaves. Sporodochial conidiophores densely and irregularly branched,
bearing apical whorls of 2-3 phialides; sporodochial phialides monophialidic,
subulate to subcylindrical, 6-12 x 1.5-4 pm, smooth, thin-walled, with inconspic-
uous periclinal thickening; sporodochial conidia falcate, curved dorsiventrally, ta-
pering towards both ends, with a slightly curved apical cell and a blunt to foot-like
basal cell, (1-)3-5-septate, hyaline, smooth- and thin-walled; 1-septate conidia:
12-17 x3 um (av. 14.4 x 3.2 ym) (n = 2); 3-septate conidia: 19-36 x 3 x 4 um (av.
30.0 x 3.8 um) (n = 23); 4-septate conidia: 30.5-36 x 4-5 um (av. 33.2 x 4.3 ym)
(n = 4); 5-septate conidia: 30 x 5 um (n = 1). Chlamydospores not observed.

Culture characteristics. Colonies on PDA incubated at 25 °C in the dark with
an average radial growth rate of 1-15 mm/d and occupying an entire 90 mm
Petri dish in 7 d; surface white, radiate, aerial mycelium felty to velvety, mar-
gin irregular, filiform. Additional colony diam (after 7 d, in mm): PDA at 10 °C
14-19; PDA at 15 °C 37-43; PDA at 20 °C 63-70; PDA at 30 °C 40-75; PDA at
35 °C 0—-2. Odour absent. Reverse pale yellow. Diffusible pigments absent. On
OA in the dark, occupying an entire 90 mm Petri dish in 7 d; surface white, flat,
slightly felty to velvety, aerial mycelium scant, margin irregular, filiform. Reverse
pale luteous, without diffusible pigments. On SNA with sparse aerial mycelium,
sporulation moderate on the surface of the medium.

Materials examined. SOUTH AFRICA « Eastern Cape, from mixed pasture sam-
ples, May 2020, collected by A. Davis, isolated by C. Dewing, close to Gamtoos
River Mouth: CBS 151775 = CMW 58689 = CN040I5, Outside Humansdorp, close
to Clarkson: CMW 58690 = CNO70F3, CMW 58696 = CN07118, CMW-IA 003340
= CMW 61384 = CNO71H2, CMW 58693 = CN071H8, Humansdorp area: CMW
58691 = CN070G8, CMW 58692 = CN070G9, CMW-IA 002132 = CMW 60930
= CNO70H9, CMW 58697 = CN104D4, CMW 58698 = CN106F2, CMW 58699 =
CN106F3, CMW 58700 = CN106F4, close to Tsitsikamma on Sea: CMW 58694
= CNO07116, CMW 58695 = CN07117, CMW 58696 = CNQ7118.

Notes. Fusarium goeppertmayerae belongs to the Incarnatum-clade and is
closely related to the undescribed Fusarium FIESC 22 isolated from the human
sinus cavity (O’'Donnell et al. 2009) and F. sylviaearleae isolated from a leaf
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Figure 3. Fusarium goeppertmayerae (CBS 151775) A colonies front (top row) and reverse (bottom row) on PDA after
7 d at 25 °C light, dark and nUV and OA after 7 d at 25 °C dark (from left to right), respectively B sporodochial formation
on the surface of carnation leaves C sporodochial conidiophores D-I aerial mono- and polyphialides J-K aerial conidia
L sporodochial conidia. Scale bars: 10 ym.
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lesion of Sporobolus natalensis (Poaceae) (Tan and Shivas 2023). No morpho-
logical data are available for Fusarium FIESC 22 or F. sylviaearleae. Furthermore,
we demonstrate that strains NRRL 32865 and NRRL 13335, previously consid-
ered to belong to F. guilinense, belong to F. goeppertmayerae, with F. guilinense
(LC121607) a distant relative.

Fusarium mariecurieae Dewing, Visagie & Yilmaz, sp. nov.
MycoBank No: 855722
Fig. 4

Etymology. Latin, mariecurieae, named after Maria Salomea Sktodowska-Curie
(known simply as Marie Curie) (1867-1934), who was a renowned physicist
and chemist known for her pioneering research on radioactivity. We also chose
this name, as this study was supported by the Marie Sktodowska-Curie Actions
(MSCA) grant (number 101008129), project acronym “Mycobiomics”.

Type. SOUTH AFRICA * Eastern Cape, from mixed pasture samples, May 2020,
collected by A. Davis (holotype: PRU(M) 4611, dried specimen in a metabolical-
ly inactive state; ex-type strain: CBS 152079 = CMW 58673 = CN072A3).

Description. Conidiophores borne on aerial mycelium, 13-106 pym tall, un-
branched, sympodial or irregularly branched, bearing terminal or lateral phialides,
often reduced to single phialides; aerial phialides mono- and polyphialidic, subu-
late to subcylindrical, proliferating percurrently, smooth- and thin-walled, 3.5-28.5
x 1.5-4 pym, with inconspicuous thickening; aerial conidia ellipsoidal, fusiform,
slightly allantoid to falcate, slender, curved dorsiventrally and more pronounced on
the apical half, tapering towards both ends, with a blunt to conical and straight to
slightly curved apical cell and a blunt to papillate basal cell, 0—3(—5)-septate; 0-sep-
tate conidia: 8-11 x 2.5-3 ym (av. 9.6 x 2.6 ym) (n = 2); 1-septate conidia: 11-20
x 3=4 pm (av. 15.6 x 3.3 ym) (n = 11); 2-septate conidia: 15-23 x 3—4 pym (av.
18.7 x 3.6 um) (n = 6); 3-septate conidia: 18.5-30.5 x 3—5 pm (av. 23.2 x 3.8 um)
(n = 26); 5-septate conidia: 33 x 5 ym (n = 1). Sporodochia peach to pale straw,
formed abundantly on carnation leaves. Sporodochial conidiophores densely and
irregularly branched, bearing apical whorls of 2—3 phialides; sporodochial phialides
monophialidic, subulate to subcylindrical, 6-22 x 2—4 pm, smooth, thin-walled,
with inconspicuous periclinal thickening; sporodochial conidia falcate, curved dor-
siventrally, tapering towards both ends, with a slightly curved apical cell and a blunt
to foot-like basal cell, (1-)3-5-septate, hyaline, smooth- and thin-walled; 1-sep-
tate conidia: 12-17 x 3 um (av. 14.4 x 3.2 ym) (n = 2); 3-septate conidia: 19-36 x
3—4 um (av. 30.0 x 3.8 ym) (n = 23); 4-septate conidia: 31-36 x 4-5 pm (av. 33.2 x
4.3 uym) (n = 4); 5-septate conidia: 30 x 5 um (n = 1). Chlamydospores not observed.

Culture characteristics. Colonies on PDA incubated at 25 °C in the dark with
an average radial growth rate of 5-9 mm/d, occupying an entire 90 mm Petri dish
in 7 d; surface white, flat, felty to velvety around the centre, floccose towards the
margins, radiate, with abundant aerial mycelium, margin irregular, filiform. Addi-
tional colony diam (after 7 d): PDA 10 °C 12-17; PDA at 15 °C 29-40; PDA at 20 °C
48-70; PDA at 30 °C 68-76; PDA at 35 °C 4-6. Odour absent. Reverse yellowish
white (3A2). Diffusible pigments absent. On OA in the dark, occupying an entire
90 mm Petri dish in 7 d; surface white, floccose around the centre, flat, felty to vel-
vety towards the margin, radiate, with abundant aerial mycelium, margin irregular,
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filiform. Reverse yellowish white (2A2). Diffusible pigments absent. On SNA with
sparse aerial mycelium, sporulation moderate on the surface of the medium.

Additional materials examined. SOUTH AFRICA + Eastern Cape, from mixed
pasture samples, May 2020, collected by A. Davis, isolated by C. Dewing, Hu-
mansdorp area: CMW 58664 = CNO70E5, CMW-IA 002131 = CMW 60929 =
CNO70F5, CMW-IA 003328 = CMW 61372 = CN0O70G5, CMW 58666 = CNO70HS,
CBS 151774 = CMW 58667 = CN070I7, CMW 58668 = CN0O71B2, CMW 58669 =
CNO71C1,CMW 58670 = CNO71E4, CMW-IA 002136 = CMW 60934 = CNO71F2,
CMW-IA 002137 = CMW 60935 = CNO71F3, CMW 58671 = CNO71F4, CMW
58676 = CNO72E2, CMW 58677 = CN104C2, CMW 58678 = CN104E1, CMW
58679 = CN106F1, CMW 58680 = CN106F8, CMW-IA 003763 = CMW 61535
= CN106F9, CMW 58681 = CN106G1, CMW 58682 = CN106G2, CMW 58683 =
CN106G3, CMW 58684 = CN106G4, CN106G5, CMW-IA 003764 = CMW 61536
=CN110D9,CMW 58685 =CN110E2, CN115C6,CN115C9, CN115D4, CN115ES,
CMW 61371 = CNO70G1, Outside Humansdorp, close to Clarkson: CMW 58665
= CN070G2, CMW 58672 = CNO71H1, CMW 58674 = CN0O72B2, close to Villa
Fonte: CMW 58675 = CNO72B6.

Notes. Fusarium mariecurieae belongs to the Incarnatum-clade and is most
similar to an unsupported clade containing the following species: F. caatingaense
(FIESC 20) (Santos et al. 2019), F. citrullicola (nom. inval.) (Khuna et al. 2022),
F. irregulare (FIESC 15) (Wang et al. 2019), F. luffae (FIESC 18) (Wang et al. 2019),
F. mianyagense (Han et al. 2023), F. multiceps (FIESC 19) (Xia etal. 2019), F. pernam-
bucanum (FIESC 17) (Santos et al. 2019) and F. sulawesiense (FIESC 16) (Maryani
etal. 2019). Fusarium mariecurieae produces both aerial mono- and polyphialides
compared to F. irregulare that only produces monophialides (Wang et al. 2019),
F. luffae that produces only polyphialides (Wang et al. 2019) and F. mianyagense
that lacks aerial phialides (Han et al. 2023). Aerial conidia from F. mariecurieae
(0-3(-5)-septate; 8—-30.5 x 3—5 ym) are smaller than that of F. irregulare (mostly
3-septate; 16—-38.5 x 3—5 pm) (Wang et al. 2019), F. luffae (3-5)-septate; 26.5-46
x 4=5pm) (Wang et al. 2019), F. multiceps (1-)3—-4(—5)-septate; 16—37 x 3—4 ym)
(Xia et al. 2019), F. pernambucanum (1-7)-septate; 7-57 x 2.5-5 ym) (Santos et
al. 2019) and F. sulawesiense (3—5(—9)-septate; 20.5-67 x 3.5—-6 ym) (Maryani
et al. 2019). Aerial conidia from F. caatingaense (0—6-septate; 6—45 x 2.5-5 ym)
(Santos et al. 2019) and F. citrullicola (1-5-septate; 8—39 x 2-4.9 ym) (Khuna et
al. 2022) were, at their largest, bigger than those of F. mariecurieae, while aerial
conidia were absent from F. mianyagense (Han et al. 2023). Sporodochia were ab-
sent from F. citrullicola, F. irregulare and F. luffae (Wang et al. 2019), while chlam-
ydospores were absent from F. irregulare, F. luffae, F. mianyagense, F. multiceps
and F. sulawesiense (Maryani et al. 2019; Wang et al. 2019; Xia et al. 2019; Han et
al. 2023). Sporodochial conidia from F. mariecurieae (1-3(-5)-septate; 12-36 x
3-5 um) were smaller than that of F. caatingaense (1-5-septate; 15-50 x 2-4.5
pum) (Santos et al. 2019), F. mianyagense (3(-5)-septate; 24.5-36.6 x 2.5-4.9
pum) (Han et al. 2023), F. multiceps ((1-)2—-5-septate; 16—46 x 3—4 ym) (Xia et al.
2019) and F. sulawesiense ((3—)5(—6)-septate; 29.5-43.5 x 4-5.5 pym) (Maryani
et al. 2019). Colony colour on PDA differs between F. mariecurieae and closely
related species (Maryani et al. 2019; Santos et al. 2019; Wang et al. 2019; Xia et
al. 2019; Han et al. 2023) as most other species show more colour across the
surface and reverse compared to the white surface and yellowish white (3A2)
reverse of F. mariecurieae. The growth rate after 7 d on PDA for F. mariecurieae
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Figure 4. Fusarium mariecurieae (CBS 152079, ex-type culture) A colonies front (top row) and reverse (bottom row) on
PDA after 7 d at 25 °C light, dark and nUV and OA after 7 d at 25 °C dark (from left to right), respectively B sporodochial
formation on the surface of carnation leaves C, D sporodochial conidiophores and phialides E-G aerial conidiophores
H-1 mono- and polyphialides J-K aerial conidia L sporodochial conidia. Scale bars: 10 ym.
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is faster (>90 mm plate) than that of F. citrullicola (68-74.5 mm) (Khuna et al.
2022), F. irregulare (53—59 mm) (Wang et al. 2019), . luffae (53-57 mm) (Wang
et al. 2019) and F. mianyagense (74-80 mm) (Han et al. 2023). The growth of
F. multiceps (>90 mm plate) (Xia et al. 2019) is similar to that of F. mariecurieae,
while the growth rate in terms of diameter was not reported for F. caatingaense,
F. pernambucanum and F. sulawesiense (Maryani et al. 2019; Santos et al. 2019).
Pairwise comparisons revealed that F. mariecurieae differs from other species by
at least 1, 4 and 12 bp for CaM, RPB2 and TEF, respectively.

Fusarium pascuum Dewing, Visagie & Yilmaz, sp. nov.
MycoBank No: 855720
Fig. 5

Etymology. Latin, pascuum, meaning pasture, referring to the species isolated
from grass pastures.

Type. SOUTH AFRICA * Eastern Cape, from mixed pasture samples, May 2020,
collected by A. Davis (holotype: PRU(M) 4600, dried specimen in a metabolically
inactive state; ex-type strain: CBS 151772 = CMW 58653 = CN159G4 = CN071C4).

Description. Conidiophores borne on aerial mycelium, 15.5-101 pm tall, un-
branched, sympodial or irregularly branched, bearing terminal or lateral phial-
ides, often reduced to single phialides; aerial phialides mono- and polyphialidic,
subulate to subcylindrical, proliferating percurrently, smooth- and thin-walled,
4-43 x 1-4.5 ym, with inconspicuous periclinal thickening; aerial conidia fusi-
form, falcate, slender, curved dorsiventrally and more pronounced on the apical
half, tapering towards both ends, with a blunt to conical and straight to slight-
ly curved apical cell and a blunt to papillate basal cell, 0—3-septate conidia;
0-septate conidia: 7-17 x 2=5 pm (av. 11.7 x 3.2 ym) (n = 34); 1-septate co-
nidia: 12-26 x 3—6 pm (av. 19.2 x 3.8 um) (n = 14); 2-septate conidia: 23-32 x
4-6 um (av. 26.9 x 4.5 ym) (n = 7); 3-septate conidia: 27-32 x 3—5 ym (av. 29.5
x 4.4 ym) (n = 2). Sporodochia and chlamydospores not observed.

Culture characteristics. Colonies on PDA incubated at 25 °C in the dark
with an average radial growth rate of 3—-10 mm/d, reaching 80 mm diam at
25 °C; surface white, flat, felty to velvety, radiate, with abundant aerial my-
celium, margin irregular, filiform. Additional colony diam (after 7 d, in mm):
PDA at 10 °C 13-15; PDA at 15 °C 36—42; PDA at 20 °C 63-65; PDA at 30 °C
34-39; PDA at 35 °C no growth. Odour absent. Reverse yellowish white (3A2).
Diffusible pigments absent. On OA in the dark, occupying an entire 90 mm
Petri dish in 7 d; surface white, flat, felty to velvety, radiate, with abundant
aerial mycelium, margin irregular, filiform. Reverse yellowish white (3A2).
Diffusible pigments absent. On SNA with sparse aerial mycelium, sporulation
moderate on the surface of the medium.

Additional materials examined. SOUTH AFRICA * Eastern Cape, from mixed
pasture samples, May 2020, collected by A. Davis, isolated by C. Dewing, Hu-
mansdorp area: CMW-IA 003320 = CMW 61364 = CN056A8, CMW 58649 =
CNO70E7, CMW 58650 = CNO70F7, CMW-IA 002133 = CMW 60931 = CN070I3,
CMW 58651 =CNO07014,CMW 58652 = CN071B8,CMW 58654 = CN071D3, CMW
58655 = CNO71E9, CMW 58662 = CN104D6, CMW 58663 = CN104D7, close to
Kou-Kamma: CMW 58656 = CNO71F9, Outside Humansdorp, close to Clarkson:
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Figure 5. Fusarium pascuum (CBS 151772, ex-type culture) A colonies front (top row) and reverse (bottom row) on PDA
after 7 d at 25 °C light, dark and nUV and OA after 7 d at 25 °C dark (from left to right), respectively B—J aerial conidio-
phores and phialides K aerial microconidia L, M aerial macroconidia. Scale bars: 10 pm.
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CMW 58657 = CN071G8, CMW 58660 = CN07119, CMW 58661 = CN0O72A1,
close to Tsitsikamma on Sea: CMW 58658 = CN07113, CMW 58659 = CNO71I5.
Notes. Fusarium pascuum belongs to the Camptoceras-clade (as introduced
by Han et al. (2023)) and is closely related to F. fecundum. Both F. pascuum and
F. fecundum produce aerial mono- and polyphialides. Aerial conidia from F. pas-
cuum (0-3-septate; 7-32 x 2—6 ym) are comparably smaller than those of F. fe-
cundum ((1-)2-4(-6)-septate; 3.6—35.8 x 3.6—-6.8 um) (Han et al. 2023). Spo-
rodochia and chlamydospores are absent in both F. pascuum and F. fecundum.
Colony colour on PDA differs between F. pascuum and F. fecundum, where the
former is completely white across the surface and the latter is greyish yellow in
the centre, while the reverse of F. pascuum is yellowish white and F. fecundum
is just white (Han et al. 2023). The growth rate after 7 d on PDA in F. pascuum
(reaching 80 mm) is slightly slower than that of F. fecundum (84-90 mm) (Han
et al. 2023). Pairwise comparisons revealed that F. pascuum differs from other
species by at least 8, 8 and 23 bp for CaM, RPB2 and TEF, respectively.

Discussion

In a 2020 survey exploring fungal diversity in dairy pastures, 95 mixed pasture
samples were collected across 14 dairy farms in the Eastern Cape of South
Africa. A total of 155 Fusarium strains, belonging to the Fusarium incarnat-
um-equiseti species complex (FIESC), were isolated from 12/14 dairy farms.
Strains were analysed using a multigene phylogenetic approach, leading to the
identification of 11 species, including five that are new. Of these, we opted to
formally describe and name F. cumulatum, F. mariecurieae and F. pascuum. Fu-
sarium croceum (n = 55) and F. mariecurieae (n = 33) were the most commonly
isolated species, followed by F. clavus (n = 19), F. pascuum (n = 17), F. goeppert-
mayerae (n = 14), F. coffeatum (n = 7), F. cumulatum (n = 4), F. brevicaudatum
(n = 2), Fusarium sp. nov. 1 (n = 2), F. heslopiae (n = 1) and Fusarium FIESC 27
(n = 1). Due to a lack of morphological character development in our strains,
two of the new species were not described (e.g., Fusarium FIESC 27, Fusari-
um sp. nov. 1). In the future, it will be important to obtain additional isolates
of the species and name them. Several recently FIESC-introduced species did
not include morphological descriptions. This includes F. goeppertmayerae that
was introduced based on sequence differences of a TEF sequence in a single
isolate (Tan and Shivas 2023). We found several new isolates of this species
in pasture samples, and here we provided a morphological description for the
species and capture infraspecies variation in its DNA sequences.

Fusarium species are well-known for their frequent association with Poaceae
(grasses), but of the 11 species identified, only five had previously been reported
from this plant family. Fusarium clavus was reported from Phalaris minor (little
seed canary grass), Leucopoa sclerophylla, Secale montanum (wild perennial rye)
and Triticum (wheat) from Iran (Xia et al. 2019). Fusarium coffeatum and F. hes-
lopiae were reported from Cynodon nlemfuensis (African Bermuda-grass) and
Sporobolus creber (Western Rat-Tail grass), respectively (Lombard et al. 2019;
Tan and Shivas 2024), while F. croceum has been isolated from wheat (Triticum
sp.) from Iran (Xia et al. 2019). Fusarium goeppertmayerae has not previously
been reported from grass species but was reported from maize peduncles from
Australia (Tan and Shivas 2023). Given the diverse impacts of FIESC species,
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especially with regard to their ability to cause plant and animal diseases and
produce mycotoxins (Kosiak et al. 2005; Desjardins 2006; O’'Donnell et al. 2013;
Villani et al. 2016; Munkvold 2017; O’'Donnell et al. 2018; Gallo et al. 2022), it is
crucial to investigate the potential implications that species present in our dairy
pastures could have for animal health. This is especially relevant considering the
growing evidence of Fusarium species contributing to toxic effects in livestock
grazing on certain grasses (Kellerman et al. 2005; Bourke 2007).

Species previously implicated in kikuyu poisoning were identified in our study.
Previous studies have identified Fusarium species as potential causal agents
of kikuyu poisoning, a condition characterised by toxic effects in livestock, like
cattle, that consume kikuyu grass (Pennisetum clandestinum) (Kellerman et al.
2005; Bourke 2007). Reports of kikuyu poisoning are sporadic in South Africa
and Australia and pose significant economic concerns in dairy farming due to
high cattle mortality rates (Kellerman et al. 2005; Bourke 2007). While the exact
cause of kikuyu poisoning remains uncertain, Ryley et al. (2007) hypothesised
that mycotoxins like wortmannin and butenolide produced by species like F. tor-
ulosum (Fusarium tricinctum species complex (FTSC)) may be involved. Botha et
al. (2014) studied the Fusarium present in Eastern Cape (South Africa) dairy pas-
tures where cattle intoxication outbreaks occurred. Strains were identified based
on TEF sequences, and similar to our survey (Dewing et al. 2025), they mostly
detected FIESC species and did not detect F. torulosum. Both studies, Botha et
al. (2014) and Dewing et al. (2025), detected F. brevicaudatum, F. clavus, F. cro-
ceum and the two species we describe above as F. pascuum and F. mariecurieae
(Suppl. material 4). Additionally, our study identified F. cumulatum, F. heslopiae,
Fusarium FIESC 27 and Fusarium sp. nov. 1, which were not detected in the study
by Botha et al. (2014). Conversely, Botha et al. (2014) identified F. tangerrinum
and Fusarium FIESC 34 (undescribed), which were not found in our survey.

Although the mycotoxigenic potential of the species described in this study
is unknown, members of the FIESC have been reported to produce various my-
cotoxins (Phillips et al. 1989; Logrieco et al. 1998; Hestbjerg et al. 2002; Kosiak
et al. 2005; Villani et al. 2016; O’'Donnell et al. 2018). Many of these, especially
deoxynivalenol, fumonisins and zearalenone, can adversely affect cattle health,
leading to symptoms such as decreased conception rates, reproductive disorders,
feed refusal, gastrointestinal problems, immunosuppression, reduced animal per-
formance, tremors, weight loss and even death (Trenholm et al. 1985; European
Food Safety Authority 2004; Morgavi and Riley 2007; Fink-Gremmels 2008). How-
ever, toxicological information and their effects on animals for some commonly
produced secondary metabolites, such as beauvericin, remain unavailable (de
Felice et al. 2023; Hasuda and Bracarense 2024). This lack of information is of-
ten due to the absence of regulations for these mycotoxins, resulting in a lack of
standardised testing methods, as well as limited monitoring and reporting require-
ments. It is also crucial to consider the potential synergistic, additive, or antago-
nistic interactions between emerging mycotoxins and other toxins in animal feed,
as these combinations could pose unexpected health risks (Kfizova et al. 2021).
This is particularly true for FIESC that has only occasionally been linked to cattle
poisoning, possibly due to a lack of sufficient studies on pasture fungal diversity.
Therefore, the presence of the FIESC species in dairy pasture still poses a poten-
tial risk of mycotoxin contamination when these grasses are used for animal feed
(Botha et al. 2014), and research into their mycotoxins is urgently needed.
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Our study provides a valuable insight into the diversity of the FIESC in dairy
pastures in the Eastern Cape. The presence of Fusarium species, seemingly in
a consistent community in this environment, underscores the importance of
further studying these species. Further research must focus on what second-
ary metabolites, including mycotoxins, these species produce. This will provide
insights into their potential impact on cattle health in dairy pastures.
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