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Abstract
Fungi in dairy pastures impact cattle health, yet the diversity of fungal species present in South African pastures remains 
understudied. Following an outbreak of Sporidesmin-Induced Liver Disease (SILD; caused by the mycotoxin sporidesmin 
produced by Pseudopithomyces toxicarius) in the Eastern Cape in 2020, we collected mixed pasture samples from 14 dairy 
farms affected by this disease. Our aim was to investigate what fungal species are present in communities and whether spe-
cies like Ps. toxicarius are present that may play a role in cattle health. A total of 708 strains were isolated from 95 mixed 
pasture samples and identified based on DNA sequence data to 132 species representing 55 genera. Fusarium was the most 
isolated (207 strains; 21 species; 55 samples), followed by Penicillium (75 strains; 22 species; 27 samples), Pseudopithomyces 
(69 strains; 2 species; 21 samples), Cladosporium (54 strains; 6 species; 23 samples), Epicoccum (52 strains; 6 species; 24 
samples) and Bipolaris (38 strains; 3 species; 19 samples). Several strains could not be identified and represent potentially 
new or previously uncharacterised species. Additionally, phylogenetic analyses revealed the presence of Ps. palmicola and 
Ps. toxicarius in the Eastern Cape dairy pastures. Our findings underscore the ecological complexity of pasture environments 
and raise important questions about the role of fungal diversity in livestock health.
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Introduction

The Eastern Cape province of South Africa has a diverse 
agricultural landscape, and plays an important role in the 
country’s citrus, wool, and dairy industries. Grasslands and 
pastures are important in supporting the province’s livestock 
sector, providing forage that sustains the largest proportion 
of South Africa’s goats (39%), sheep (30%) and cattle (25%) 
populations (Department of Agriculture Land Reform and 
Rural Development 2023). The Eastern Cape, Western Cape 
and KwaZulu-Natal provinces are the joint largest milk pro-
ducers, with each contributing around 29% of South Africa's 
total milk production (Milk Producers’ Organisation 2024). 
The milk industry in South Africa contributes about 0.4% to 
global milk production while also creating jobs, supporting 

rural developments and promoting food security (Smith 
2021).

Dairy pastures in the Eastern Cape are typically planted 
with kikuyu (Cenchrus clandestinus), annual ryegrass 
(Lolium multiflorum) and perennial ryegrass (Lolium per-
enne) (Truter et al. 2015). These species are selected for 
their adaptability to the local climate and their nutritional 
value and quality, including factors like taste and yield 
(Truter et al. 2015; MilkSA 2023). Kikuyu is known for its 
lower digestibility compared to other grasses, such as per-
ennial ryegrass, which can limit its forage quality (Marais 
2001; Van der Colf et al. 2015). To overcome this, pastures 
are often overseeded with ryegrass and clover to enhance 
productivity and quality (Botha et al. 2008b, a; Swanepoel 
et al. 2014; Van der Colf et al. 2015; MilkSA 2024). These 
mixed pastures combine the benefits of both grass species, 
aiming to extend the grazing season and improve pasture 
quality in order to enhance cattle health and optimal milk 
production (Botha et al. 2008b, a; Van der Colf et al. 2015).

Grasses are colonised by a wide range of fungi (Sánchez 
Márquez et al. 2012), some of which are associated with 
diseases in cattle. Notable examples include kikuyu 
poisoning (Bourke 2007; Di Menna et  al. 2009) and 
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Sporidesmin-Induced Liver Disease (SILD, previously 
known as facial eczema or pithomycotoxicosis).

Kikuyu poisoning is a ruminitis syndrome in cattle 
resulting in dehydration, forestomach necrosis, neuro-
muscular symptoms, tremors, and incoordination (Bryson 
1982; Newsholme et al. 1983; Kellerman et al. 2005; Bourke 
2007). Since the first outbreak of kikuyu poisoning, it was 
hypothesised that kikuyu poisoning may present a myco-
toxicosis. In Australia, Fusarium torulosum was consistently 
isolated from pastures where cattle displayed kikuyu poi-
soning symptoms (Martinovich et al. 1972; Bourke 2007; 
Ryley et al. 2007). This fungus can produce wortmannin 
and butenolide, compounds linked to similar disease symp-
toms to kikuyu poisoning (Tookey et al. 1972; Abbas and 
Mirocha 1988; Gunther et al. 1989; Bourke 2007). In South 
Africa, Botha et al. (2014a) surveyed Eastern Cape dairy 
pastures during several kikuyu poisoning outbreaks between 
2008–2010. Although F. torulosum was not detected dur-
ing the survey, several other Fusarium species were iden-
tified, including F. culmorum, F. redolens, F. oxysporum, 
and species from the Fusarium incarnatum-equiseti species 
complex (FIESC) (Botha et al. 2014a). These species can 
produce various mycotoxins such as aurofusarin, beau-
vericin, butenolide, culmorin, deoxynivalenol, enniatins, 
fusaric acid, fusarins, fumonisins, moniliformin, nivalenol 
and zearalenone (Munkvold et al. 2021).

SILD is a secondary photosensitisation of ruminants 
caused by the mycotoxin sporidesmin produced by the fun-
gus Pseudopithomyces toxicarius (formerly considered Ps. 
chartarum) (Weir et al. 2025). It occurs when phylloerythrin, 
a chlorophyll by-product, accumulates in the bloodstream 
due to impaired breakdown, leading to sunlight sensitivity, 
sunburn and skin lesions, alongside symptoms like reduced 
fertility, weight loss, poor growth and decreased milk pro-
duction (Kellerman et al. 2005; Di Menna et al. 2009). SILD 
has been reported in Argentina, Australia, China, France, 
South Africa, the Netherlands, Portugal, Spain, Turkey, the 
United States and Uruguay (Marasas et al. 1972; Riet and 
Diaz 1974; Edwards et al. 1983; Bezille et al. 1984; Hansen 
et al. 1994; Fuertes et al. 2004; Pinto et al. 2005; Van Wui-
jckhuise et al. 2006; Ozmen et al. 2008; Riet-Correa et al. 
2013; Liu et al. 2023; Davis et al. 2025). In New Zealand, 
SILD has caused significant production losses for over a 
century, exceeding NZD 100 million annually (Pollock et al. 
2015). While the majority of Ps. toxicarius isolates from 
New Zealand produce sporidesmin (Weir et al. 2025), the 
proportion of sporidesmin-producing isolates in other coun-
tries are often lower or is unknown (Di Menna et al. 2009). 
In South Africa, SILD was first reported in sheep (Marasas 
et al. 1972). This was followed by more reports from sheep 
and other animals like dairy cows (Van der Merwe et al. 
1979; De Wet and Erasmus 1984; Kellerman and Coetzer 
1985; Davis et al. 2025). Considering the recent taxonomic 

revision of Ps. chartarum and the introduction of the toxin-
producing Ps. toxicarius (Weir et al. 2025), knowledge on 
what species occurs in South African dairy pastures and the 
risk they pose to cattle health are unknown.

Recent increases in SILD reports from Eastern Cape 
dairy farms suggest growing awareness about the disease. 
However, knowledge on the fungal communities associated 
with dairy pastures in the region remains limited. The study 
aimed to survey Eastern Cape dairy pastures affected by 
SILD to determine the presence of Pseudopithomyces spe-
cies and identify other fungi that may impact cattle health.

Materials and methods

Sampling and isolations

A total of 95 mixed grass pasture samples (mainly consisting 
of kikuyu and annual and perennial ryegrass) were collected 
across 14 dairy farms in the Eastern Cape province of South 
Africa during May 2020 from where cattle displayed poten-
tial SILD symptoms. Samples were kept dry in brown paper 
bags at low temperatures. For isolations, plant material was 
cut into 4 mm pieces and plated directly onto potato dextrose 
agar (PDA; 213400; Thermo Fisher Scientific, USA), dichlo-
ran 18% glycerol agar (DG18; CM0729B; Thermo Fisher 
Scientific, USA) and water agar (WA). Chloramphenicol 
(100 ppm) was added to both the PDA and WA to prevent 
bacterial growth. The plates were incubated for 7–10 d at 
25 ºC and checked regularly for fungal growth. Colonies 
were transferred to pure cultures on quarter strength PDA 
supplemented with chloramphenicol (100 ppm). Where pos-
sible, strains were identified to genus level based on their 
morphological characteristics. All strains were accessioned 
in a working culture collection (CN) of the Applied Mycol-
ogy group at the Forestry and Agricultural Biotechnology 
Institute (FABI) at the University of Pretoria, South Africa. 
Cultures were preserved as agar blocks or spore suspensions 
in cryovials containing 10% glycerol and stored at −80 ºC. 
Representative strains were deposited to the CMW and 
CMW-IA culture collections of FABI (Table S1).

DNA extraction, PCR, and sequencing

Genomic DNA was extracted from 7–10 d old colonies. 
DNA from pigmented fungi was extracted using the Quick-
DNA Fungal/Bacterial Miniprep kit (Zymo Research, USA) 
following the manufacturer’s protocol. PrepMan Ultra Sam-
ple Preparation Reagent (Thermo Fisher Scientific, USA) 
was used for Fusarium and other hyaline fungi following the 
manufacturer’s instructions.

PCR amplifications were prepared in 25 μL total vol-
umes containing 5 μL BioLine 5X MyTaq Reaction Buffer 
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(Meridian BioScience, USA), 0.50 μL of each primer (10 
μM), 17.85 μL demineralised sterile water and 0.15 μL 
BioLine MyTaq DNA Polymerase (Meridian BioScience, 
USA). Loci targeted are those known to provide species level 
identifications in respective genera and included the nuclear 
ribosomal internal transcribed spacer region ITS1-5.8S-ITS2 
(ITS) and the large subunit of the nuclear ribosomal RNA 
(LSU) for strains that could not be identified to a genus 
based on morphology (Schoch et al. 2012), β-tubulin (BenA) 
for Penicillium (Visagie et al. 2014), calmodulin (CaM) for 
Aspergillus (Samson et al. 2014), glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) for Alternaria (Woudenberg 
et al. 2013) and other Pleosporales (Manamgoda et al. 2012; 
Hernández-Restrepo et al. 2018), RNA polymerase second 
largest subunit (RPB2) for Epicoccum, Neoascochyta and 
Pseudopithomyces (Hou et al. 2020) and translation elon-
gation factor 1-α (TEF) for Cladosporium (Bensch et al. 
2012), Fusarium (O’Donnell et al. 2015) and Trichoderma 
(Samuels 2006). Information regarding the primers and 
PCR conditions used during this study were obtained from 

previous studies (Vilgalys and Hester 1990; Rehner and 
Samuels 1994; Glass and Donaldson 1995; Masclaux et al. 
1995; O'Donnell and Cigelnik 1997; De Hoog and Van den 
Ende 1998; O'Donnell et al. 1998; Berbee et al. 1999; Car-
bone and Kohn 1999; Liu et al. 1999; Reeb et al. 2004; Hong 
et al. 2006; Yilmaz et al. 2021) and are provided in Table 1.

Amplified fragments were purified using the ExoSAP-IT 
PCR Product Cleanup Reagent (Thermo Fisher Scientific, 
USA) and sequenced in both directions using the BigDye 
terminator sequencing kit v. 3.1 (Applied Biosystems, USA) 
with the same primers used for PCR amplification. Reac-
tions were analysed on an ABI PRISM 3100 DNA sequencer 
(Applied Biosystems, USA) at the DNA sequencing facil-
ity at the University of Pretoria. Contigs were assembled 
and edited in Geneious Prime v. 2019.0.4 (BioMatters Ltd., 
New Zealand). Newly generated sequences were submitted 
to GenBank (https:// www. ncbi. nlm. nih. gov/ genba nk/), with 
accession numbers provided in Table S1.

BLASTn analysis was performed to compare obtained 
sequences against the NCBI (National Centre for 

Table 1  Primers and PCR conditions used in this study

Locus Target genus PCR amplification protocol Primer Primer sequence 5'–3' Reference

BenA Penicillium 94 °C 5 min; 35 cycles of 94 
°C 45 s, 56 °C 45 s, 72 °C 
60 s; 72 °C 7 min; 10 °C ∞

T10 ACG ATA GGT TCA CCT 
CCA GAC 

O'Donnell and Cigelnik (1997)

Bt2b ACC CTC AGT GTA GTG 
ACC CTT GGC 

Glass and Donaldson (1995)

CaM Aspergillus 94 °C 5 min; 35 cycles of 94 
°C 45 s, 56 °C 45 s, 72 °C 
60 s; 72 °C 7 min; 10 °C ∞

cmd5 CCG AGT ACA AGG ARG 
CCT TC

Hong et al. (2006)

cmd6 CCG ATR GAG GTC ATR 
ACG TGG 

GAPDH Alternaria/other Pleospo-
rales

94 °C 5 min; 30 cycles of 94 
°C 45 s, 52 °C 60 s, 72 °C 
60 s; 72 °C 7 min; 10 °C 
soak

gdp1 CAA CGG CTT CGG TCG 
CAT TG

Berbee et al. (1999)

gdp2 GCC AAG CAG TTG GTT 
GTG C

ITS General 94 °C 5 min; 35 cycles of 94 
°C 45 s, 55 °C 45 s, 72 °C 
60 s; 72 °C 7 min; 10 °C ∞

V9G TTA CGT CCC TGC CCT 
TTG TA

De Hoog and Van den Ende 
(1998)

LS266 GCA TTC CCA AAC AAC 
TCG ACTC 

Masclaux et al. (1995)

TEF Cladosporium/Trichoderma 94 °C 5 min; 35 cycles of 94 
°C 45 s, 52 °C 45 s, 72 °C 
60 s; 72 °C 7 min; 10 °C ∞

728F CAT CGA GAA GTT CGA 
GAA GG

Carbone and Kohn (1999)

986R TAC TTG AAG GAA CCC 
TTA CC

Fusarium 94 °C 5 min; 35 cycles of 94 
°C 45 s, 53 °C 45 s, 72 °C 
60 s; 72 °C 7 min; 10 °C ∞

EF1 ATG GGT AAG GAR GAC 
AAG AC

Yilmaz et al. (2021);
O'Donnell et al. (1998)

EF2 GGA RGT ACC AGT SATC 
ATG 

RPB2 Epicoccum/Pseudopitho-
myces/

Neoascochyta

95 °C 5 min; 40 cycles of 
94 °C 30 s, 51 °C 90 s, 68 
°C 2 min; 68 °C 5 min; 10 
°C ∞

5F2 GGG GWG AYC AGA AGA 
AGG C

Reeb et al. (2004)

7Cr CCC ATR GCT TGY TTR 
CCC AT

Liu et al. (1999)

LSU General 94 °C 5 min; 40 cycles of 94 
°C 45 s, 48 °C 30 s, 72 °C 
90 s; 72 °C 6 min; 10 °C ∞

LR5 ATC CTG AGG GAA ACTTC Vilgalys and Hester (1990)
LROR GTA CCC GCT GAA CTT 

AAG C
Rehner and Samuels (1994)

https://www.ncbi.nlm.nih.gov/genbank/
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Biotechnology Information, USA) GenBank nucleotide 
database (https:// blast. ncbi. nlm. nih. gov/ Blast. cgi) to obtain 
identifications. All ITS comparisons were made against the 
NCBI Fungal ITS Reference Sequence Targeted Loci Project 
database (Schoch et al. 2014). For Aspergillus and Penicil-
lium strains, identifications were made based on compari-
sons with a locally curated DNA sequence database largely 
based on Houbraken et al. (2020), Alternaria against data 
largely based on Woudenberg et al. (2013), Cladosporium 
against data largely based on Bensch et al. (2012), Tricho-
derma against data largely based on Bissett et al. (2015) and 
Fusarium was identified using data on www. fusar ium. org. 
All additional data files containing the reference datasets, 
alignments, and tree files were uploaded to Figshare (https:// 
doi. org/ 10. 6084/ m9. figsh are. 27936 900) hosted by the Uni-
versity of Pretoria research data repository.

Phylogenetic analysis of Pseudopithomyces

To assess the phylogenetic relationships for our Pseudop-
ithomyces strains, we compiled a reference sequence dataset 
consisting of ITS, RPB2, ACT  (actin), GAPDH and TEF 
sequences based on the dataset of Weir et al. (2025) (see 
Table  S2). Sequence alignments were performed using 
MAFFT v. 7.427 (Katoh and Standley 2013) with the G-INS-
I option selected. Alignments were concatenated with each 
gene region treated as distinct partitions in the subsequent 
analysis. A Maximum Likelihood (ML) tree was made in 
IQ-TREE v. 2.1.2 (Nguyen et al. 2015) applying the most 
suitable model parameters calculated using ModelFinder 
(Kalyaanamoorthy et al. 2017) incorporated into IQ-TREE. 
Support in nodes were calculated with an ultrafast bootstrap 
analysis with 10,000 replicates. The tree was visualised in 
FigTree v. 1.4.4 and edited for publication using Affinity 
Designer v. 1.6.1 (Serif (Europe) Ltd, Nottingham, UK).

Results

Fungal identifications

Isolations from the 95 mixed pasture samples resulted in 708 
strains accessioned and stored in the FABI culture collec-
tion. We generated 886 new DNA reference sequences and 
submitted them to GenBank [ITS (n = 328), BenA (n = 80), 
CaM (n = 22), GAPDH (n = 48), LSU (n = 39), RPB2 (n = 
88) and TEF (n = 281)] (Table S1).

Strains were identified to 132 species, representing 55 
genera, 38 families, 15 orders and seven classes. The fun-
gal community is presented as a pie chart with the pro-
portion sizes calculated corresponding to the number of 
strains isolated per taxon (Fig. 1). The numbers represented 
with each taxon are given as ‘x (y), z’: x = the number of 

strains; y = the number of species identified; and z = the 
number of samples that a taxon was isolated from (Fig. 1). 
At the genus level, Fusarium (55/95 samples; 207 strains), 
Penicillium (27/95; 75 strains), Pseudopithomyces (21/95; 
69 strains), Cladosporium (23/95; 54 strains), Epicoccum 
(24/95; 52 strains) and Bipolaris (19/95; 38 strains) were 
the most frequently isolated fungi in mixed pastures. Penicil-
lium had the highest species diversity (n = 22), followed by 
Fusarium (n = 21), Epicoccum (n = 6), Cladosporium (n = 
6), Bipolaris (n = 3) and Pseudopithomyces (n = 2). The 
most common species were Fusarium croceum [Fusarium 
incarnatum-equiseti species complex (FIESC); 32/95; 56 
strains], Pseudopithomyces toxicarius (20/95; 66 strains), 
Fusarium mariecurieae (FIESC; 20/95; 33 strains), Epico-
ccum italicum (18/95; 26 strains), Cladosporium pseudo-
cladosporioides (15/95; 31 strains), Fusarium culmorum 
[Fusarium sambucinum species complex (FSAMSC); 15/95; 
22 strains], Bipolaris zeae (13/95; 29 strains), Penicillium 
rubens (section Chrysogena; 13/95; 17 strains), Fusarium 
pascuum (FIESC; 12/95; 17 strains) and Fusarium clavus 
(FIESC; 10/95; 19 strains).

Several strains could not be accurately identified using 
morphological or DNA sequence data and may represent 
undescribed species. These include Absidia (n = 3, 1 spe-
cies), Alternaria (n = 18, 1 species), Ceratobasidium (n = 
1, 1 species), Chaetomium (n = 2, 1 species), Cladosporium 
(n = 2, 1 species), Epicoccum (n = 2, 1 species), Fusarium 
(n = 4, 3 species), Geotrichum (n = 5, 1 species), Neoacr-
emonium (n = 1, 1 species), Neoascochyta (n = 12, 2 spe-
cies), Neurospora (n = 1, 1 species), Nigrospora (n = 1, 1 
species), Pararamichloridium (n = 1, 1 species), Penicillium 
(n = 5, 3 species), Preussia (n = 9, 2 species), Roussoella 
(n = 1, 1 species), Sordaria (n = 1, 1 species), Sphaero-
naemella (n = 1, 1 species), Trichoderma (n = 4, 1 species) 
and Valsonectria (n = 2, 1 species). Results from homology 
searches of their sequences against NCBI’s Fungal ITS Ref-
erence Sequence Targeted Loci Project database are listed 
in Table 2.

Some strains (CN049F9 and CN103F1) could only be 
identified at the order level within Pleosporales. These 
strains will be subjected to further investigation in the future.

Phylogenetic analyses of Pseudopithomyces

The aligned dataset contained 68 ingroup taxa, with Bimu-
ria novae-zelandiae  (ICMP24821T) selected as the outgroup 
(Fig. 2). The alignment was 6,343 bp long (ACT  = 1,604; 
GAPDH = 1,254; ITS = 551; RPB2 = 953; TEF = 1,981). 
The most suitable nucleotide substitution models were K2P 
+ FQ + G for ITS, TN + F + G for ACT , GAPDH, TN + F 
+ I + G for TEF, and TNe + FQ + G for RPB2. Our strains 
clearly belong to Ps. toxicarius (n = 66) and Ps. palmicola 
(n = 3).

https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.fusarium.org
https://doi.org/10.6084/m9.figshare.27936900
https://doi.org/10.6084/m9.figshare.27936900
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Discussion

Dairy pastures can harbour a wide variety of fungi. In this 
study, we characterised the fungal community of 95 mixed 
grass samples from dairy pastures collected at 14 farms in 
the Eastern Cape of South Africa. The samples were col-
lected when cattle showed signs of SILD symptoms in May 
2020. The fungal communities detected were relatively 
diverse, with a total of 132 species identified across 55 gen-
era. The most commonly detected genera were Fusarium, 

Penicillium, Pseudopithomyces, Cladosporium, Epicoccum 
and Bipolaris. Additionally, several isolates require further 
study that we could not identify with confidence at species 
level. These isolates may potentially belong to new species, 
represent new sequence variation within a species, or be 
described species that have not yet been sequenced. Two 
of these were recently described as new Penicillium spe-
cies, Pe. pascuigraminis and Pe. viridipigmentum, in Visagie 
et al. (2024b).

Cladosporium

Pseudopithomyces
69 (2 sp), 21

Penicillium
7  (2  sp), 27 

Fusarium
20  (  sp), 55

General
community

95 Samples
15 Orders

38 Families
15/55 Genera
1  Species
7  Strains

 Other
18 (18 sp), 18
Arthrinium, Aureobasidium, Beauveria, Botryotrichum, 

Ceratobasidium, Cunninghamella, Exserohilum, Kiflimonium, 

Neoacremonium, Neurospora, Pararamichloridium, Periconia, 

Phaeosphaeriopsis, Plectosphaerella, Pyrenophora, Rhizopus,

Sphaeronaemella, Talaromyces

Valsonectria
2 (1 sp), 1

Emericellopsis
2 (1 sp), 2

Sarocladium
2 (1 sp), 1

Roussoella
2 (1 sp), 2

Pichia
2 (1 sp), 1

Neocosmospora
2 (2 sp), 2

Moesziomyces
2 (1 sp), 1Microdochium

2 (1 sp), 1

Metarhizium
2 (1 sp), 1Humicola

2 (1 sp), 1

Curvularia
2 (2 sp), 2

Actinomucor
2 (1 sp), 2

Wickerhamomyces
3 (1 sp), 2

Sordaria
3 (2 sp), 3

Chaetomium
3 (2 sp), 3

Aplosporella
3 (1 sp), 1

Aaosphaeria
3 (1 sp), 3

Trichoderma
4 (1 sp), 4

Podospora
4 (2 sp), 2

Nigrospora
4 (2 sp), 3

Clonostachys
4 (2 sp), 4

Cephalotrichum
4 (1 sp), 2

Other

Fig. 1  Pie chart summarising the fungal community associated with 
dairy pastures in the Eastern Cape. The proportions are based on the 
number of strains isolated for each genus. The numbers in the leg-

ends stand for [x (y), z] x = the number of strains; y = the number of 
species identified; and z = the number of samples that a taxon was 
isolated from
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Table 2  Data obtained from homology searches using ITS sequences against NCBI’s Fungal ITS Reference Sequence Targeted Loci Project 
database

Genus Strains Closest species GenBank information

Absidia CMW 61050; CMW 61068; CN049G6 Absidia aguabelensis strain URM 8213, GenBank 
NR_189383.1; Identities = 552/635 
(87%), 31 gaps (4%)

Ceratobasidium CN071G9 Ceratobasidium ramicola strain CBS 133.82, GenBank 
NR_138368.1; Identities = 516/584 
(88%), 26 gaps (4%)

Chaetomium CN040E2; CMW 61055 Chaetomium spirochaete strain CBS 730.84, GenBank 
NR_144823.1; Identities = 615/616 
(99%), no gaps

Epicoccum CMW 61078; CN049H1 Epicoccum sp. 1 strain NV-2016, GenBank LT593066.1; 
Identities = 798/825 (97%), no gaps

Geotrichum CMW 61038; CMW 61356; CN050 
A4; CN050A6; CN056A6

Geotrichum pandrosion strain BRIP 74954a, GenBank 
NR_189975.1; Identities = 228/231 
(99%), no gaps

Neoacremonium CMW 60726 Neoacremonium vitellinum strain CBS 792.69, GenBank 
NG_058556.1; Identities = 224/228 
(98%), no gaps

Neoascochyta CN041C6; CMW 61348; CMW  
61349; CN049G8; CN098F7; 
CN099B6

Neoascochyta argentina strain CBS 112524, GenBank 
MT018302.1; Identities = 540/595 
(91%), no gaps

CN049H8; CN049H9; CN099A9 Neoascochyta sp. 3 LH-2020 strain CBS 140547, GenBank 
MT018308.1; Identities = 590/596 
(99%), no gaps

Neurospora CN110D3 Gelasinospora brevispora strain CBS 547.94, GenBank 
NR_159858.1; Identities = 687/695 
(99%), two gaps (0%)

Nigrospora CMW 61524 Nigrospora sacchari-officinarum strain CGMCC 3.19335, GenBank 
NR_165926.1; Identities = 530/536 
(99%), one gap (0%)

Pararamichloridium CN107C2 Pararamichloridium aquisubtropicum strain GZAAS 21–0382, GenBank 
NR_185675.1; Identities = 591/602 
(98%), five gaps (0%)

Preussia CMW 61034; CMW 61041; CN048G1; 
CN049C4; CN049D9

Preussia polymorpha strain CBS 117679, GenBank 
NR_137729.1; Identities = 387/414 
(93%), nine gaps (2%)

CMW 61079 Preussia persica strain CBS 117680, GenBank 
NR_137730.1, Identities = 468/474 
(99%), one gap (0%)

CN115F1; CN115F2; CN115F3 Preussia procaviae strain CBS 146827, GenBank 
NR_171769.1; Identities = 513/546 
(94%), 12 gaps (2%)

Roussoella CMW 61022; CN048E3 Roussoella chinensis strain HKAS 125555, GenBank 
NR_189903.1; Identities = 451/471 
(96%), three gaps (0%)

Sordaria CMW 61042 Sordaria equicola strain CBS 146992, GenBank 
NR_173047.1; Identities = 568/573 
(99%), two gaps (0%)

Sphaeronaemella CN128H6 Candidozyma duobushaemuli strain CBS 7798, GenBank 
NR_130694.1; Identities = 264/337 
(78%), 12 gaps (3%)

Valsonectria CN041F7; CN041F8 Valsonectria whitehaneyae strain BRIP 69038b, GenBank 
NR_191303.1; Identities = 610/644 
(95%), nine gaps (1%)
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Fig. 2  Maximum likelihood tree of Pseudopithomyces based on a 
concatenated dataset of ACT , GAPDH, ITS, RPB2 and TEF. Strains 
of species isolated from this study are shown in bold text. The tree 

was rooted to Bimuria novae-zelandiae. Branch support in nodes 
higher than 80% are indicated at relevant branches (T = ex-type; R = 
reference strain)
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The causal agent of SILD, Ps. toxicarius, was detected 
from 21 samples collected at two out of 14 farms. The tax-
onomy of Pseudopithomyces, and especially Ps. chartarum, 
had been complex until the recent revision by Weir et al. 
(2025). Previously, Da Cunha et al. (2014) and Pratibha and 
Prabhugaonkar (2015) showed that the genus Pithomyces 
was polyphyletic, with species resolved across several fami-
lies in Pleosporales. The type of Pithomyces, Pithomyces 
flavus, belong to Astrosphaeriellaceae (Pratibha and Prabhu-
gaonkar 2015), while Leptosphaerulina chartarum, errone-
ously thought to be the sexual morph of P. chartarum (Roux 
1986), was shown to be a distant relative in Didymellaceae 
(Da Cunha et al. 2014). Pithomyces chartarum, P. may-
dicus and P. sacchari formed a unique group in Didymos-
phaeriaceae, with these species transferred into the newly 
described Pseudopithomyces (Ariyawansa et  al. 2015). 
Pseudopithomyces chartarum was the designated type, with 
strain MUCL 15905 used as a reference strain, as the holo-
type (FH00781082) is a dried specimen on paper that has 
no living culture or sequence available. Weir et al. (2025) 
found that Ps. chartarum strains resolved in two clades in 
their phylogenetic analyses. The clade containing MUCL 
15905 was found to mostly not produce sporidesmin and was 
considered to represent Ps. chartarum. The sporidesmin-
producing clade was described as Ps. toxicarius, now con-
sidered the primary causative species responsible for SILD 
in New Zealand. Our limited survey suggests that Ps. toxi-
carius is similarly the causative species in South Africa, 
with Ps. palmicola not reported to produce sporidesmin.

Fusarium was the most commonly isolated genus, recov-
ered from 55 of the 95 samples collected across 13 of the 
14 dairy pastures. We expected a high number of Fusarium, 
belonging to several species, as it is known to colonise 
grasses (Poaceae) and can function in this niche as either an 
endophyte or plant pathogen (Leslie and Summerell 2006; 
Bentley et al. 2007; Nor Azliza et al. 2014; Laurence et al. 
2016; Chehri et al. 2017). Most of the identified Fusarium 
species belonged to the FIESC, including F. brevicaudatum, 
F. clavus, F. coffeatum, F. croceum and three new species 
described as F. cumulatum, F. mariecurieae and F. pascuum 
by Dewing et al. (2025). Other species identified included 
those from the FSAMSC (F. culmorum, F. graminearum, 
F. poae), Fusarium oxysporum species complex (FOSC) 
(F. fabacearum, F. glycines, F. wimaladesilvae and two 
potentially new species), Fusarium chlamydosporum spe-
cies complex (FCSC) (F. chlamydosporum) and Fusarium 
fujikuroi species complex (FFSC) (F. terricola). In line 
with our data, Botha et al. (2014a) previously reported the 
presence of F. culmorum and F. oxysporum in Eastern Cape 
kikuyu pastures, while Gabbedy et al. (1974) and News-
holme et al. (1983) reported Fusarium isolated from kikuyu 
from Australia and South Africa, respectively, identifying 
it only to the genus level. Fusarium torulosum, which was 

reported by Ryley et al. (2007) to be linked to kikuyu poi-
soning in Australia, was not isolated during our survey. We 
also did not isolate the previously reported F. verticillioides 
(= F. moniliforme) (Newsholme et al. 1983), F. incarnatum 
(= F. semitectum) and F. subglutinans (≡ Fusarium monili-
forme var. subglutinans) (Wong et al. 1987) from Austral-
ian kikuyu grass. Some earlier studies from South Africa 
(Van der Merwe et al. 1979) and Australia (Peet et al. 1990) 
did not detect Fusarium in their surveys of grass pastures. 
In contrast, we identified several species not previously 
reported from pastures, including F. brevicaudatum, F. cere-
alis, F. chlamydosorum, F. clavus, F. coffeatum, F. croceum, 
F. graminearum, F. poae and F. terricola. Several of the 
species we identified are reported as mycotoxin producers 
(Villani et al. 2019; Munkvold et al. 2021).

Some mycotoxins produced by Fusarium clavus (zearale-
none), F. culmorum (butenolide, deoxynivalenol, zearale-
none), F. graminearum (butenolide, deoxynivalenol, zearale-
none) and F. poae (butenolide) have been linked to cattle 
diseases (Tookey et al. 1972; Trenholm et al. 1985; Weaver 
et al. 1986; Mathur et al. 2001; Munkvold et al. 2021). Deox-
ynivalenol exposure can lead to abortion and chronic tox-
icity, manifesting as stunted growth, reduced weight gain, 
weakened immunity, and increased susceptibility to disease 
(Trenholm et al. 1985; Biscoto et al. 2022; Toutounchi et al. 
2022). Zearalenone has been shown to induce hypoestro-
genism, leading to issues such as infertility (Weaver et al. 
1986; Fushimi et al. 2015; Gruber-Dorninger et al. 2021). 
Additionally, butenolide has the potential to cause lethal 
acute inflammation in the forestomach of cattle, a condi-
tion typically observed during kikuyu poisoning (Tookey 
et al. 1972). Although some mycotoxins produced by certain 
Fusarium species have been reported to be associated with 
kikuyu poisoning (Tookey et al. 1972; Ryley et al. 2007), 
no kikuyu poisoning symptoms were observed in the cattle 
during our survey in the Eastern Cape, and F. torulosum 
was not isolated during our survey. The lack of kikuyu poi-
soning symptoms during our survey highlights the fact that 
the presence of mycotoxigenic fungi does not necessarily 
provide evidence of mycotoxin production, while mycotoxin 
occurrence and concentration levels can vary considerably 
under suitable conditions (Gallo et al. 2015). Despite an 
increased awareness of Fusarium mycotoxin occurrences in 
pastures, data remain very limited to accurately assess the 
risk of Fusarium mycotoxin exposure in cattle.

Other mycotoxigenic species affecting cattle health 
and productivity were also identified in Eastern Cape pas-
tures. Aspergillus clavatus is a known producer of patulin 
(Lopez-Diaz and Flannigan 1997; Varga et al. 2007; Hou-
braken et al. 2020), while Penicillium species such as Pe. 
chrysogenum, Pe. coprophilum and Pe. crustosum produce 
roquefortine C (El-banna et al. 1987; Frisvad and Filten-
borg 1989; Häggblom 1990; Frisvad et al. 2004; Houbraken 
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et al. 2012, 2016). Roquefortine C is a very common com-
pound produced by many Penicillium species, including 
the blue cheese related Pe. roqueforti (Frisvad and Samson 
2004). Penicillium crustosum also produces penitrem A–G 
(Frisvad et al. 2004; Botha et al. 2019), while Pe. citrinum 
produces citrinin (Lai et al. 2013). These mycotoxins have 
been shown to adversely affect cattle health, causing a range 
of issues such as fever, diarrhoea and skin irritation (cit-
rinin); neurotoxicosis (patulin and penitrem A); incoordina-
tion and diaphoresis (penitrem A) and reversible paralytic 
effects (roquefortine C) (Häggblom 1990; Griffiths and Done 
1991; Sabater-Vilar et al. 2004; Botha et al. 2014b, 2019). 
We did not confirm whether these compounds are produced 
by the strains isolated, but we can confirm that these strains 
were not widespread in the pastures based on the low num-
bers they were isolated from in our study. For example, As. 
clavatus was only represented by 12 strains, Pe. crustosum 
by 11 strains, Pe. chrysogenum by two strains and both Pe. 
coprophilum and Pe. citrinum by one strain each. Although 
these strains were present in low numbers, prolonged expo-
sure to low levels of these mycotoxins could still negatively 
impact cattle health. The presence of these mycotoxigenic 
species in Eastern Cape pastures emphasises the need for 
vigilant monitoring and management practices to mitigate 
their impact on cattle health and productivity.

Our study reports more diverse communities than previ-
ous surveys conducted during outbreaks of SILD or kikuyu 
poisoning (Marasas et al. 1972; Bryson and Newsholme 
1978; Van der Merwe et al. 1979; Newsholme et al. 1983; 
Wong et al. 1987; Ryley et al. 2007; Botha et al. 2014a). 
This could be attributed to earlier species identifications 
that relied on morphological characters, which often led to 
misidentifications, especially in groups containing cryptic 
species, thus underestimating overall fungal diversity. The 
incorporation of DNA sequencing in modern taxonomy has 
resulted in an increased number of species described in sev-
eral genera (Hawksworth and Lücking 2017). In particular, 
genera such as Aspergillus, Fusarium and Penicillium have 
seen a sharp increase in the rate of species descriptions in 
the past decade, with many that are considered cryptic (Hou-
braken et al. 2020; Crous et al. 2021; Visagie et al. 2024a). 
For example, the FOSC was recently studied by Lombard 
et al. (2019) who provided new species names for the 15 
lineages that they considered represented cryptic species. 
These findings highlight the importance of incorporating 
molecular techniques such as DNA sequencing to accurately 
assess fungal diversity in general, particularly in complex 
genera like Fusarium.

Our study provides baseline knowledge of the fungi pre-
sent in Eastern Cape dairy pastures. With the use of molecu-
lar data, we discovered a more diverse fungal community 
than previously reported, including 28 potentially unde-
scribed species. We also confirmed the presence of several 

mycotoxigenic species from the genera Aspergillus, Fusar-
ium, Penicillium and Pseudopithomyces, which are known to 
potentially impact cattle health. Furthermore, we confirmed 
the presence of Ps. toxicarius in dairy pastures of the Eastern 
Cape, the causative species of SILD. Future work will focus 
on: 1) describing the new species identified in our study, 2) 
investigating their mycotoxin production potential and 3) 
analysing the secondary metabolite profiles of these new 
species to determine their potential effects on cattle health.
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