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Abstract 

The soil-borne fungi, Setophoma terrestris and Fusarium spp., are often associated with pink root 
although the etiology of the disease remains doubtful. Although recognized as primary inoculum, 
studies show conflicting views on the formation of chlamydospores and microsclerotia in Setophoma. 
Therefore, this study aims to clarify the etiology of the pink root of garlic and onion and the formation 
of chlamydospores and microsclerotia in Setophoma. The isolates were obtained from symptomatic 
tissues of garlic, leeks, brachiaria, onions, chives and maize collected from seven different states in 
Brazil. Representative isolates were selected for pathogenicity tests. Sequence comparison of the 
tubulin gene showed Setophoma (n=50) and Fusarium clades (n=25). Garlic and onion plants inoculated 
with Setophoma showed pink root symptoms while plants inoculated with different Fusarium isolates 
remained asymptomatic. Multigene analysis of pathogenic isolates confirms only Setophoma terrestris 
causing pink root in garlic and onion. In addition, brachiaria, chives, and leeks are newly identified 
hosts of this pathogen in Brazil. To our knowledge, the main source of primary inoculum of the 
disease are chlamydospores, pycnidia, colonized roots of garlic, onion and plant debris of susceptible 
crops. The new information obtained in this study will be fundamental for researchers in the 
development of genotypes that are resistant to pink root and will help the efficient management of 
the disease. 

Keywords: diagnosis; Alliaceae; Pyrenochaeta; Phoma; taxonomy 
 

1. Introduction 

China and India are the world’s largest producers of garlic and onions. In 2022, Brazil was the 
11th and 13th largest world producer of onion (1,65 million tons) and garlic (181,1 thousand tons), 
respectively. Due to the insufficiency of production to satisfy national demand, Brazil regularly 
imports from other countries [1]. The main obstacle to expanding garlic and onion cultivation is the 
high cost of production, primarily due to the occurrence of diseases [2]. 

Pink root disease is the main disease affecting garlic and onions during periods of drought stress 
and high temperatures [3,55]. It is characterized by an initial light pink discoloration of infected roots, 
which gradually become shortened, water-soaked, and dark purple before collapsing and dying. The 
continuous infection of newly formed roots compromises nutrient and water uptake, leading to 
stunted growth, leaf etiolation and wilting, and ultimately the formation of undersized, poor-quality 
bulbs with reduced storage potential [3]. Implementing control measures against the pathogen can 
enhance production by as much as 70% [62,65]. 

This disease was first documented in the state of Texas, United States, in 1917 [4]. In Brazil, the 
disease was first reported affecting onions in the Zona da Mata Mineira region in 1960 [5]. 
Subsequently, it was also found in the states of Rio Grande do Sul and São Paulo and currently occurs 
in all garlic and onion producing regions [2,6,7]. Despite reports of the pink root causal agent in 
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China, it is listed as a quarantine pest by the Ministry of Agriculture and Rural Affairs of the People’s 
Republic of China [63,66]. 

The first causal agent of the disease was proposed as Fusarium malli [9]. Later, others Fusarium 
species were associated with pink root [8,10,11]. The immersion of roots in a solution of mercuric 
chloride (500:1) for 3 minutes revealed the presence of Phoma sp. [12]. Besides the isolation approach, 
pathogenicity tests revealed that Phoma terrestris is the causal agent of pink root, while Fusarium 
species were associated with rotten roots [12,13]. The simultaneous inoculation of both pathogens 
confirmed the opportunistic nature of Fusarium species, which failed to induce pink root symptoms 
[13]. Neverthless, Fusarium species are often associated with pink root [14–19]. 

The frequent recovery of isolates that form pycnidia containing setae indicated P. terrestris as the 
main etiological agent of pink root [20]. Based on the presence of setae on the pycnidium, P. terrestris 
was transferred to Pyrenochaeta terrestris (Hansen) Gorenz [21]. Later, based on phylogenetic analysis, 
this taxon was reclassified as Setophoma terrestris. This species is characterized by the presence of 
setose pycnidia, phialidic conidiogenic cells, and ellipsoidal to subcylindrical, aseptate, and hyaline 
conidia [22]. 

Although the taxonomic studies on Setophoma does not mention the presence of chlamydospores 
and microsclerotia, these resting structures are considered the primary inoculum source of pink root 
[3,19,23]. Since it is uncertain whether species of Setophoma and Fusarium could be associated with 
pink root, especially considering that most identifications are based on only a few isolates or limited 
to the examination of morphological data, it is crucial to characterize fungal isolates obtained from 
plant hosts exhibiting typical symptoms of the disease. 

Furthermore, it has been shown that a molecular perspective, combined with morphological 
data, is required to resolve plant pathogen species complexes. This combined approach has proven 
effective in revealing previously uncharacterized species affecting different crops [24,25]. For 
example, molecular characterization of Setophoma isolates on tea plants revealed a total of four new 
species [26]. Although molecular characterization studies involving a large number of Setophoma 
isolates from garlic and onion are still lacking, various molecular diagnostic methods have been 
developed for the detection of this pathogen [19,63,64]. 

In Brazil, the frequent association of Fusarium with pink root symptoms has led growers to 
believe that this fungus may also be involved in the etiology of the disease. Therefore, this study aims 
to clarify the etiology of the pink root of garlic and onion and the formation of chlamydospores and 
microsclerotia in Setophoma. 

2. Materials and Methods 

2.1. Obtaining and Preserving Isolates 

Root samples (n=75) were obtained in garlic, onion, leeks, brachiaria, chives and maize from 17 
cities in the Brazilian states of Distrito Federal, Goiás, Minas Gerais, São Paulo, Santa Catarina, 
Paraná, and Bahia. Fungal isolation into pure culture was carried out by the direct method [27] in 
samples obtained from garlic, leeks, brachiaria, onions, chives and maize with typical symptoms of 
pink root in Petri dishes containing potato-dextrose-agar (PDA) medium (1,000 mL H2O, 4 g/L 
potatoes infusion, 25g/L agar, and 20g/L dextrose). After 7 days, pure cultures were established by 
transferring a fragment of a hyphal tip to a new Petri dish containing PDA. The isolates 
(Supplementary Table S1) were stored at Coleção de Culturas Fúngicas da UnB (CCUB, Universidade 
de Brasília, Brasília, Brazil) under 18°C in 2 mL microtubes by sterile glycerol 10% (v/v), Castellani 
method and glycerol 10% (v/v) in -80°C ultrafreezer. 

2.2. Total DNA Extraction 

The fungal isolates were grown on Erlenmeyer flasks containing Potato-Broth (PB; 1,000 mL 
H2O, 4 g/L potatoes infusion, and 20g/L dextrose) medium, at 25°C for 7 days, with a 12 h 
photoperiod. The mycelium (100 µg) was collected using a sterile toothpick and deposited in 1.5 mL 
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microtubes containing 20 µL of Tris-EDTA (TE) buffer. The total DNA extraction was performed 
using Wizard Genomic Purification Kit (Promega®) [28]. The presence and quality of total DNA were 
analyzed on 1% agarose gel electrophoresis with 1 Kb ladder, stained with GelRed (Biotium®), and 
visualized under UV light. The DNA samples were stored at -20°C. 

2.3. Amplification and Sequencing 

Partial sequences of the gene β-tubulin (tub) were amplified using the primer set T1/T22 [29]. This 
genomic region was used to make an initial identification of 75 isolates using BLASTN similarity 
scores. Twelve isolates of different clades and locations identified based on tub sequence data were 
selected to assign definitive species demarcations for Setophoma isolates. Then, partial nucleotide 
sequences of the four following genomic regions were sequenced: large subunit of ribosomal DNA (lsu-
its), translation elongation factor (tef), glyceraldehyde-3-phosphate dehydrogenase (gapdh), and RNA 
polymerase subunit II (rpb2), using the primer pairs LR5-V9G [30,31], EF1F-EF2R [32], GPD1-GPD2 
[33], and 5F2 and 7cR [34,35], respectively. The PCR amplifications were performed in a final volume 
of 12.5µL: 6.25 µL of MyTaq MasterMix 2x (Bioline, EUA), 0.3µL (10 pmol/µL) of each primer, 4.25 
µL of nuclease-free water, and 1 µl of template DNA (25 ng/µL). The cycling conditions were: initial 
denaturation at 95°C for 1.5 min, followed by 35 cycles at 95°C for 20 s, 53°C (tub) for 45 s, 72°C for 1 
min, and a final extension for 5 min. Different annealing temperatures were used according to the 
different genomic region amplified: 53°C (lsu-its), 56°C (tef), 54°C (gapdh and rpb2). PCR products 
were purified and bidirectionally Sanger-sequenced. 

2.4. Phylogenetic Analyses 

The DNA sequences and contig assembly of all isolates were checked for quality and ambiguity 
analysis through DNA Dragon software (https://www.dna-dragon.com). A Bayesian Inference (BI) 
phylogenetic tree was initially reconstructed using the tub sequences of 75 isolates of this study. So, 
BLAST searches were conducted on NCBI and Fusarioid-ID [36] for pairwise DNA alignments. 
Finally, a BI concatenate tree using tub, tef, gapdh, lsu, and its to Setophoma was reconstructed. 
Didymella pinodella CBS 531.66 was used as outgroup. The alignments were made using Mega v.7 
software [37], which were concatenate posteriorly, and the best nucleotide substitution models were 
determined for each genomic region with MrModeltest 2.3 [38]. The website CIPRES [39] was used 
to run MrBayes v 3.2.1 [40]. The Markov Chain Monte Carlo (MCMC) analysis was made under 
analysis of 10 million generations, sampling every 1,000, with subsequent disposal of 25% first trees 
in analysis, followed by the assembly of consensus tree through the 7,500 remaining trees of analysis 
with annotation of the posterior probability (PP) values. The consensus tree was visualized in FigTree 
v.1.4 [41]. 

2.5. Morphological Characterization of Setophoma terrestris 

The morphological characterization of a representative S. terrestris isolate was performed using 
monohyphal culture grown on oatmeal-agar (OA; 1,000 mL H2O, 30 g oat and 15 g agar) medium on 
Petri dishes during seven days at 25 °C, under 24h of near-ultraviolet light (UV-A or black light) to 
produce conidia and pycnidia. The morphological examination and documentation of pycnidia was 
observed and recorded by using a Leica model 205C stereomicroscope (Leica Microsystems, 
Nassloch, Germany) with a Leica DFC295 digital camera and Leica Qwin-Plus software. 
Micromorphological characteristics were analyzed by cutting pycnidia in a cryostat Leica CM1860 
(Leica Microsystems, Nassloch, Germany) and mounting in clear lactoglycerol. Thirty-five 
measurements for conidia were carried out under magnification of ×1,000 using a Leica DM2500 light 
microscope (Leica Microsystems, Nassloch, Germany) equipped with a Leica DFC 490 digital camera, 
coupled to a computer containing Leica Qwin-Plus software. 

To induce the formation of chlamydospores and microsclerotia, six representative fungal isolates 
were grown in: OA; synthetic low-nutrient agar (SNA; 1,000 mL H2O, KH2PO4 1 g, KNO3 1 g, 
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MgSO4.7H2O 0.5 g, KCl 0.5 g, glucose 0.2 g, sucrose 0.2 g, and agar 20 g), malt-extract-agar (MEA; 20 
g/L malt extract and 20g/L agar), PDA, PD, corn-meal-agar (CMA; 1,000 mL H2O, 50 g corn meal 
infused, and 15 g agar), millet substrate and modified yeast extract (MYE; sodium phosphate 2 g, 
magnesium sulfate 1 g, glucose 20 g, yeast extract 10 g). The isolates were incubated in the dark at 25 
°C for 20 days. Subsequently, fungal structures were mounted on slides with clear lactoglycerol and 
analyzed under a Leica DM2500 light microscope (Leica Microsystems, Nassloch, Germany) 
equipped with a Leica DFC 490 digital camera, coupled to a computer containing Leica Qwin-Plus 
software. 

2.6. Pathogenicity 

Six representative isolates of S. terrestris (CCUB 2747, 2750, 2754, 2763, 2777 and 2795) selected 
based on region and host and 25 isolates of Fusarium-like, identified by molecular phylogeny (tub 
tree), were used in pathogenicity tests on onion and garlic plants. Firstly, plastic bags with millet (500 
g) and distilled water (450 mL) were previously autoclaved at 121°C for 12 minutes. Twenty mycelial 
disks (5 mm in diameter) from colonies with 7-days-old in BDA were transferred to sterilized millet 
substrate. After 30 days, when the millet has been completely colonized, 30 g were transferred to 3-
liter pots containing sterilized soil and then onion and garlic seedlings (30 days old) were 
transplanted near the inoculum. The inoculated genotypes were ‘Ito’ (garlic) and ‘BRS 367’ (onion). 
The control treatment consisted in 30 g of sterile millet. Finally, plants were removed after 
approximately 100 days and checked for pink-root symptoms and, subsequently, taken to fungi 
reisolating. The isolate exhibiting the highest aggressiveness on garlic and onion was selected, and a 
millet substrate was employed for pathogenicity assays on leeks, brachiaria, chives, and maize. 
Additionally, a second methodology was tested, where the seedlings suffered root cuts (~1 cm), and 
were immersed in spore suspensions calibrated at 1 × 104. The control treatment consisted in seedlings 
immersed in sterilized water. 

3. Results 

3.1. Phylogenetic Analysis 

After a BLAST search, it was possible to verify the presence of Setophoma sp. (n = 50) and Fusarium 
spp. (n = 25). The 12 selected isolates for multigenic analysis were compared to all Setophoma species 
(Supplementary Table S1). The tub, tef, gapdh, its, and lsu matrices had in length, respectively: 506, 
575, 564, 603 and 837 bp. Although the rpb2 sequences were not used in phylogenetic analysis, they 
were lodged in GenBank (Accession No. OM417590 to OM417601) for future studies and 
identification purposes. The concatenate alignment had 3,085 sites, which 2,105 were conserved and 
679 parsimony informative. The BI tree was reconstructed considering the best nucleotide 
substitution model for each partition in the concatenate data, GTR+I+G (tub), GTR+G (tef), SYM+G 
(gapdh), HKY+G (its), and SYM+I (lsu). After multigenic analysis, it was confirmed that all isolates 
grouped to S. terrestris (Figure 1). These sequences were deposited in Genbank with the following 
codes: tub = ON159208 to ON159257; tef = ON159281 to ON159292; gapdh = ON159261 to ON159272, 
and lsu-its = OM397056 to OM397067. 
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Figure 1. Bayesian phylogenetic tree based on concatenated sequences (tub, tef, its, lsu, and gapdh). Bayesian 
posterior probability (PP) values are indicated at the nodes, and the scale bar represents the number of expected 
changes per site (0.01). Branches without values indicates PP ≤ 0.95. The specimen Didymella pinodella CBS 531.66 
was used as outgroup. The isolates obtained in this study were highlighted in bold. (T =Type specimen). 
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3.2. Taxonomy 

Setophoma terrestris (H.N. Hansen) Gruyter, Aveskamp and Verkley, Mycologia 102, 5, 1077 
(2010) [GenBank: MB514659] 

Basionym: Phoma terrestris H.N. Hansen, Phytopathology 19:699. 1929. 
≡ Pyrenochaeta terrestris (H.N. Hansen) Gorenz, J.C. Walker and Larson, Phytopathology 38:838. 

1948. 
Conidiomata pycnidial, solitary to confluent, on upper surface or submerged in agar, globose to 

subglobose, setose, with papillate ostioles, medium to dark brown; pycnidial wall of 
pseudoparenchymatal cells (Figure 2C–E). Conidiophores reduced to conidiogenous cells lining 
inner cavity (Figure 2G). Conidiogenous cells hyaline, smooth, phialidic, discrete. Conidia aseptate, 
globose, subglobose, ellipsoidal to subcylindrical to subfusoid, 4.5 to 6.0 µm length (mean = 5.14 ± 
0.45 µm) and 2.0 to 3.5 µm width (mean = 2.56 ± 0.29 µm) (Figure 2F). Terminal and intercalar 
chlamydospores were observed in MYE (Figure 2I). 

 

Figure 2. Morphological characteristics of S. terrestris CCUB 2754. A: Culture grown on oatmeal-agar (left, above; 
right, reverse); B: Setose pycnidia. Bar = 0.1mm; C-D: Setose pycnidium and conidia. Bar = 10µm; E: conidia. Bar 
= 10µm; F: Conidiogenous cell. Bar = 10µm. G: Intercalar chlamydospores. Bar = 10µm; Setose pycnidium on 
garlic root. Bar = 0.1mm. 

3.3. Pathogenicity Test 

The six representative isolates of S. terrestris were pathogenic to onion and garlic in millet 
substrate and spore suspension (Figure 2A,H). Disease visualization was more consistent when using 
the millet substrate, whereas the method involving root cuts immersed in spore suspensions resulted 
in some asymptomatic roots. Differently, plants inoculated with the 25 Fusarium isolates were 
asymptomatic in both methodologies. Thus, S. terrestris was confirmed as the only causal agent of 
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pink root disease in Brazil. In addition, S. terrestris isolate CCUB2754 was pathogenic to leeks, 
Brachiaria, chives, and maize. 

4. Discussion 

Although Setophoma and Fusarium are found in leaves, soil, and the rhizosphere, the highest 
abundance is observed in roots [55]. In Brazil, the incidence of pink root is lower in regions with mild 
climates (South and Southeast) compared to regions with high temperatures (Midwest). Furthermore, 
the disease gradually increases in areas with successive crops and can drastically increase in 
plantations during the summer due to high temperatures combined with periods of drought stress 
[19,55,69,71]. 

All 25 Fusarium isolates obtained in this study were considered asymptomatic on onion and 
garlic roots, as no visible lesions or discoloration were observed following inoculation. Although non-
pathogenic Fusarium species are frequently associated with pink root symptoms [13,18,19], some 
species are known to cause Fusarium basal rot [68]. Conversely, Setophoma isolates caused 
characteristic light to dark pink discoloration on the roots of brachiaria, chives, garlic, leeks, maize, 
and onion (Figure 3). In our study, only light to dark pink discoloration of infected roots was 
observed, which is likely attributable to the controlled experimental conditions and the timing of the 
assessments prior to bulb harvest. In contrast, field soils harbor an active microbiota and are 
frequently exposed to high temperatures combined with prolonged water stress, which may 
exacerbate symptom severity under natural conditions. 

In this study, the Setophoma isolates (n=50) collected in the states of Bahia, Goiás, Distrito Federal 
(Midwest and Northeast) and Minas Gerais, Paraná, São Paulo, Santa Catarina (South and Southeast) 
were obtained from symptomatic tissues on Allium cepa (n=26), A. porrum (n=4), A. sativum (n=9), A. 
fistulosum (n=7), Brachiaria sp. (n=2), and Zea mays (n=2). Setophoma terrestris colonizes canola, carrot, 
cauliflower, bunching onion, corn, cowpea, cucumber, eggplant, elephant garlic, eschalote, leeks, 
lima bean, melon, oats, pea, pepper, potato, pumpkin, sorghum, soybean, spinach, sugarcane, rice, 
tomato, wheat, and weeds. Nevertheless, only maize, garlic, onion, pea, and tomato were previously 
recorded as hosts of this fungus in Brazil [3,19,42–50]. To our knowledge, this is first report of S. 
terrestris associated with pink root in brachiaria, chives, and leeks in Brazil. 

The clade assignments based on the concatenated-sequence tree (lsu, its, tef, tub, and gapdh) 
confirms fifteen Setophoma species (Figure 1). There is a proposal to split Setophoma into three genera, 
with Setophoma stricto sensus including S. terrestris, S. brachypodii, and S. poaceicola [61]. Large-scale 
studies that investigate the pink root etiology are scarce in the literature. Although several Setophoma 
species have been reported on Camellia in China [26], concatenate analysis (lsu, its, tef, tub, and gapdh) 
of isolates obtained from different geographic regions and hosts confirmed only S. terrestris causing 
pink root. The absence of cryptic species in Setophoma terrestris is likely, given its role as a component 
of the soil microbiome and its lack of host specificity. Additionally, this fungus exhibits potentially 
antagonistic interactions with other soil organisms and is known to produce bioactive secondary 
metabolites, including cytotoxic polyketides [70]. 

Some studies report that S. terrestris survives in the soil due to the formation of chlamydospores 
and microsclerotia [19,23]. The presence of chlamydospores and microsclerotia were not observed in 
symptomatic plants and in pathogenicity tests. After isolation in pure culture, we attempted to induce 
the formation of these structures on OA, SNA, MEA, CMA, PDA, PD, millet substrate, and MYE. 
While microsclerotia were not observed under the experimental conditions of this study, 
chlamydospores were observed only on MYE. Efficient use of the supplied nitrogen source during 
early vegetative growth is essential, while subsequent nutrient depletion induces physiological stress 
that promotes chlamydospore formation [56]. Several studies on S. terrestris did not mention the 
presence of these structures [49,51,52,67]. In addition, none of the taxonomic descriptions of the 
different Setophoma species reported the presence of microsclerotia and chlamydospores 
[22,26,53,54,57–60]. Therefore, the main source of primary inoculum of pink root disease are 
chlamydospores, pycnidia, colonized roots of garlic, onion and plant debris of susceptible crops. 
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Figure 3. Pink root symptoms under field and greenhouse conditions. (a) garlic and (b) onion showing symptoms 
in field; (c) garlic, (e) onion, (k) chives, (l)leeks and (n) brachiaria inoculated with S. terrestris isolate CCUB 2754 
under greenhouse conditions; (d) garlic, (f) onion, (i) chives, (j) leeks and (m) brachiaria mock-inoculated 
controls; (g) garlic and (h) onion asyntomatic after inoculation with Fusarium sp. 

The confirmation that only S. terrestris causes pink root in garlic and onion, and the absence of 
cryptic species associated with this pathogen, is essential for validating disease diagnostic protocols. 
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Its presence in the roots of brachiaria, chives, leeks, maize, and other hosts demonstrates the ability 
of this fungus to survive in alternative plants during the interseason. This new information will be 
fundamental for breeders and plant pathologists in the development of garlic and onion genotypes 
resistant to pink root, and will contribute to more efficient disease management in the field. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org, Table S1: GenBank accession numbers of tub, lsu, its, tef, gapdh e rpb2 partial 
sequences of Setophoma isolates included in this study. 
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