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1  |  INTRODUC TION

Guava (Psidium guajava) is a tropical fruit crop within the myrtle 
(Myrtaceae) family with the centre of origin in the Americas, widely 
cultivated over tropical regions, and with a worldwide production 
of around 40 million tonnes. India is the world's largest grower, 
with Mexico and Brazil ranking among the largest producers in the 

Americas (Angulo- López et al., 2021). Anthracnose is the most im-
portant postharvest guava disease in Brazil and worldwide (Fischer 
et al., 2011). The disease is present in all regions where guava fruit 
is grown, and an updated compilation of species so far associated 
to the disease has been presented by Zakaria (2021). Severe symp-
toms are observed in maturing or ripe fruits, but are also found in 
green fruit, causing fruit drop and fruit decay of great economic 
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Abstract
Anthracnose, caused by several Colletotrichum species, is a major restricting fac-
tor for guava production, but no comprehensive study of the causal agent has been 
conducted from the plant host centre of diversity. This work characterizes isolates 
from guava, mainly from the fruit, but also leaves and flowers, representing most 
Brazilian physiographies according to the partial sequences of the rDNA- ITS, ApMAT, 
TUB2, HIS3 and GAPDH gene regions. In addition, the pathogenicity and aggressive-
ness to fruits of two widely planted guava varieties (SLG and RM) are described. 
Guava- derived Colletotrichum isolates were found in five complexes: gloeosporioides, 
acutatum, boninense, gigasporum and orchidearum. The gloeosporioides complex 
was the most prevalent (81%), followed by the acutatum complex (14%). A total of 
16 Colletotrichum species were naturally associated with guava anthracnose: C. ae-
schynomenes, C. asianum, C. chrysophilum, C. fructicola, C. gigasporum, C. gloeospori-
oides, C. karsti, C. melonis, C. musae, C. nymphaeae, C. paranaense, C. siamense, C. sojae, 
C. syzygicola, C. theobromicola and C. tropicale. Apart from C. nymphaeae and C. gloe-
osporioides, all the remaining 14 taxa are reported for the first time in P. guajava. The 
most aggressive species belonged to the C. gloeosporioides complex. C. siamense was 
the most prevalent, especially in warmer regions, followed by C. chrysophilum, mostly 
in temperate environments. The most aggressive species were C. siamense, C. chryso-
philum, C. fructicola and C. tropicale. Fruits of the variety SLG were consistently more 
resistant to anthracnose than the fruits of RM.
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significance (Lim & Manicom, 2003). Lesions also occur in flowers, 
leaves, petioles and young branches.

Colletotrichum is an important phytopathogenic fungal genus 
worldwide (Dean et al., 2012), harbouring plant pathogens across 
the tropics, subtropics and temperate zones. Anthracnose of 
tropical fruit crops is economically significant for avocado (Persea 
americana), mango (Mangifera indica), citrus (Citrus spp.), banana 
(Musa spp.), passionfruit (Passiflora edulis) and papaya (Carica pa-
paya) (Zakaria, 2021). Hyde, Cai, Cannon, et al. (2009) and Hyde, 
Cai, McKenzie, et al. (2009) listed 66 provisionally accepted 
Colletotrichum species and possibly 19 additional names. Several 
successive revisions of the genus have been published in re-
cent decades and the taxonomy is constantly updated (e.g., Cai 
et al., 2009; Cannon et al., 2012; Damm et al., 2019; Damm, Cannon, 
Woudenberg, & Crous, 2012; Damm, Cannon, Woudenberg, 
Johnston, et al., 2012; Hyde, Cai, Cannon, et al., 2009; Hyde, Cai, 
McKenzie, et al., 2009; Jayawardena et al., 2016; Liu et al., 2014; 
Weir et al., 2012). More recently, Jayawardena et al. (2021) pro-
vided an account of 248 accepted species divided into 14 spe-
cies complexes and 13 singleton species, whereas Talhinhas 
and Baroncelli (2021) counted 257 accepted species. However, 
the most recent update recognizes 340 Colletotrichum species 
(Talhinhas & Baroncelli, 2023).

The guava anthracnose causal agents in Brazil have been tradi-
tionally identified as C. gloeosporioides sensu lato and C. acutatum 
s. l. (Peres et al., 2002). In the C. acutatum complex, Bragança 
et al. (2016) found C. abscissum and C. nymphaeae from a limited 
sampling of isolates from the state of São Paulo, in the southeast 
of the country. There is one record of C. simmondsii as a guava fruit 
pathogen in Brazil by Cruz et al. (2015), with no mention of geo-
graphic origin of the isolate. Two other Colletotrichum species, one 
collected in Italy (C. psidii, in the C. gloeosporioides complex; Weir 
et al., 2012) and the other from India (C. guajavae, in the C. acutatum 
complex; Damm, Cannon, Woudenberg, & Crous, 2012) have also 
been associated with Psidium species but have not been recorded in 
the Americas (Zakaria, 2021), nor have they been demonstrated to 
be pathogenic to guava. Given the wide distribution of the pathogen 
in Brazil, which is understood to be the centre of diversity of the host 
plant, a comprehensive survey of guava anthracnose, including the 
geographic prevalence, and the comparative aggressiveness of the 
Colletotrichum species to guava is warranted. Finally, the response 
of guava varieties to the disease has not yet been systematically 
measured.

Here, we report on the diversity of Colletotrichum occurring in 
guava in Brazil, based on a broad collection of isolates mostly col-
lected in small orchards, from all physiogeographic regions, and 
employing multilocus phylogenetic analysis. The study includes 
samples collected from spontaneous guava tree specimens that are 
ubiquitous throughout Brazil, and from other wild Myrtaceae speci-
mens. The prevalence of each species by region and their respective 
aggressiveness to the two most widely planted guava varieties in 
Brazil are also characterized, with a view to assisting management 
practices.

2  |  MATERIAL S AND METHODS

2.1  |  Origin, isolation and maintenance of isolates

The survey involved 13 states covering all Brazilian geographic and 
ecological regions (Table 1). Isolates derived mostly from fruit, but 
also from leaves and flowers, were collected from 2013 to 2016 
from naturally occurring and cultivated specimens of P. guajava, to-
gether with 10 additional isolates collected from spontaneous wild 
members of the Myrtaceae (P. firmum, Eugenia uniflora and Syzygium 
jambos), which are also very widespread in the Brazilian territory 
and could serve as reservoir inoculum for guava infections.

For isolation into pure culture, spores were collected directly 
from acervuli forming on plant samples maintained in humid 
chambers (25–29°C). Spores were transferred to water agar (WA) 
plates and incubated for 24 h at 25°C. Monosporic cultures were 
obtained from germinated conidia using the hyphal tip procedure, 
then cultivated for a 7- day period on potato dextrose agar (PDA) 
plates amended with chloramphenicol (100 mg/L) at 25°C and a 
12 h photoperiod. Isolates with cultural characteristics corre-
sponding to Colletotrichum were maintained at room temperature 
in 20 mL glass tubes containing 10 mL sterile distilled water and 
deposited at the fungal reference collection of the Universidade 
de Brasília (CCUB). The list of isolates, together with additional 
supporting information (CCUB ID, NCBI GenBank accessions, host 
plant, plant organ, year of isolation and geographic location) is 
provided in Table 2.

2.2  |  Species identification and 
phylogenetic analysis

Fungal DNA for multigenic studies was extracted from 7- day- old PDA 
colonies (25°C, 12 h photoperiod). Aerial mycelium was transferred to 
1.5 mL microtubes and then macerated in liquid nitrogen. Extraction 
was performed with the NucleoSpin Plant II extraction kit (Macherey- 
Nagel). Total DNA samples were resuspended in 50 μL of Tris- EDTA 
buffer (10 mM Tris–HCl pH 8.0, 0.1 mM EDTA) and stored at −20°C. 
DNA concentration was estimated visually in 1% agarose gels, com-
paring band intensities with the 100 bp ladder DNA (Axygen).

PCRs were carried out with specific primers for the follow-
ing genomic regions: glyceraldehyde- 3- phosphate dehydroge-
nase (GAPDH), β- tubulin 2 (TUB2), rDNA ITS, histone 3 (HIS3) and 
ApMAT regions, with primers listed in Table 3, recommended by 
Templeton et al. (1992), O'Donnell and Cigelnik (1997), Gardes 
and Bruns (1993), White et al. (1990), Crous et al. (2004) and 
Rojas et al. (2010). Thermocycling reactions were performed in 
a total volume of 25 μL, consisting of 16 μL of autoclaved Milli- Q 
water, 2.5 μL 10 × Taq DNA polymerase buffer (100 mM Tris–HCl, 
500 mM KCl, pH 8.3), 2 μL 10 mM dNTPs, 1 μL of each respective 
primer (10 μM), 0.75 μL MgCl2 (50 mM), 0.75 μL of recombinant Taq 
DNA polymerase (Invitrogen, 5 U/μL) and 2 μL of each fungal DNA 
sample.
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Thermocycling for GAPDH followed an initial denaturation at 
94°C for 2 min; followed by 35 DNA denaturation cycles at 94°C for 
45 s, primer annealing at 60°C for 45 s and extension at 72°C for 
60 s; and a final extension at 72°C for 7 min. For TUB2 and ITS re-
gions, initial denaturation was conducted at 94°C for 2 min; followed 
by 34 DNA denaturation cycles at 94°C for 1 min, primer annealing 
at 55°C for 30 s and extension at 72°C for 60 s; and a final extension 
at 72°C for 10 min (Lima et al., 2013). For HIS3, initial denaturation 
was at 96°C for 5 min; followed by 30 cycles at 96°C for 30 s, 52°C 
for 30 s and 72°C for 60 s; with a final 5 min extension at 72°C (Crous 
et al., 2004). For ApMAT amplification, initial denaturation was at 
95°C for 5 min; followed by 10 denaturation cycles at 95°C for 30 s, 
62°C for 30 s (decreasing by 1°C each cycle) and 72°C for 1 min; 
followed by 35 cycles of 95°C for 30 s, 52°C for 30 s and 72°C for 
1 min; and a final extension at 72°C for 10 min, as described by Doyle 
et al. (2013).

Amplicons were separated on 1% agarose gels in Tris acetate- 
EDTA buffer (TAE), stained with ethidium bromide and analysed 
under UV light. PCR products were sequenced by Macrogen (Seoul, 
South Korea).

For the phylogenetic analysis, consensus sequences were 
mounted using the Geneious v. 8.1 software (Biomatters Ltd), 
employing high- quality forward and reverse sequences for each 
isolate and target region. Sequence alignments were conducted 
for each genomic region using the ClustalW software (Thompson 
et al., 1994).

GAPDH sequences of all isolates were initially compared with 
the Colletotrichum sequences database deposited at GenBank 
(NCBI, USA; http:// www. ncbi. nlm. nih. gov) using the BLAST al-
gorithm. Next, GAPDH sequences were analysed by Bayesian 
inference, to estimate genetic diversity, by geographic origin. 
Representative isolates were then selected for further study. For 
the multigenic phylogenetic analysis, a concatenated study using 

the amplicons of partial gene sequences of GAPDH, ApMAT, TUB2, 
rDNA- ITS and HIS3 was performed on this subset of isolates, 
together with reference isolates for each complex, available in 
Figure 1. Sequences for the phylogenetic trees were built sepa-
rately for each Colletotrichum complex using Geneious v. 8.1 and 
MEGA v. 7.0 software (Tamura et al., 2011). Alignments were con-
catenated and converted to nexus and Phylip format in Sequence 
Matrix v. 1.8 (Vaidya et al., 2011) and used to build the multilo-
cus phylogenetic tree. Phylogenetic analysis was inferred using 
the maximum- likelihood (ML) approach. Analysis was performed 
using RAXML- HCP2 v. 7.0.4 (Stamatakis, 2014) implemented on 
the CIPRES cluster (https:// www. phylo. org/ porta l2/ home. action). 
ML analyses were carried out with 1000 bootstrap pseudorepli-
cates under the GTR- GAMMA model (- m GTRGAMMA - p 12345 
- k - f a - N 1000 - x 12345). Alignments and trees were deposited 
at GitHub repository and made available for public access. The 
individual and concatenated alignments along with estimated phy-
logeny are available at https:// github. com/ ander sonvi eira12/ Colle 
totri chum-  spp. -  in-  guava -  in-  Brazil.

2.3  |  Fruit tissue colonization and 
aggressiveness bioassays

A total of 22 guava- derived isolates, selected to represent the ge-
netic diversity observed by the GAPDH partial gene analysis and 
geographic regions, were tested for pathogenicity and aggressive-
ness. Four isolates from other species within the Myrtaceae were 
also included (381ARC from P. firmum, 249PT from Eugenia sp., 
418JR from Syzygium sp. and 602JAM from S. jambos) in order to 
acquire information about the ability of these isolates to cause 
guava anthracnose. Bioassays were carried out on fruits of two P. 
guajava varieties, Cortibel SLG (a.k.a. Semi Lisa Grande or Gigante) 

Brazilian state
Physiographic 
region Primary biome

Number of 
isolates

Pará (PA) North Amazon tropical rain forest 14

Maranhão (MA) Northeast Transitional tropical forest 4

Pernambuco (PE) Northeast Atlantic tropical rain forest 10

Bahia (BA) Northeast Atlantic tropical rain forest 3

Mato Grosso (MT) Centre West Transitional Amazon forest and 
cerrado savannah

3

Mato Grosso do Sul (MS) Centre West Cerrado savannah 1

Goiás (GO) Centre West Cerrado savannah 28

Distrito Federal (DF) Centre West Cerrado savannah 49

Minas Gerais (MG) Southeast Atlantic subtropical rain forest 7

São Paulo (SP) Southeast Atlantic subtropical rain forest 13

Paraná (PR) South Atlantic subtropical rain forest 1

Santa Catarina (SC) South Atlantic subtropical rain forest 33

Rio Grande do Sul (RS) South Atlantic subtropical rain forest 5

Total 171

TA B L E  1  Distribution of Colletotrichum 
isolate collection according to geographic 
and ecological regions in this study.
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    |  1219SOARES et al.

and Cortibel RM (a.k.a. Rugosa Média or Cascão). Asymptomatic, 
half- ripe fruits (peel colour index # 2; Vieira et al., 2008), selected 
for uniformity, were washed in running water, surface disinfected 
with 70% ethanol for 1 min and 1% NaOCl for 5 min, then dried 
and rinsed with distilled water before inoculation. Inoculation was 
conducted using the toothpick tip method (wooden toothpicks 
containing fungal mycelium; Crall, 1952) at 3 mm depth. Control 
fruits were mock- inoculated with noninfested toothpicks. Fruits 
were incubated in the dark at 25 ± 2°C. Experimental units were 
composed of four inoculation points per fungal isolate (per cultivar) 
in the same fruit, with these replicated five times (five different 
fruits). Inoculated fruits were initially maintained for 48 h in humid 
plastic bags (25 ± 2°C), with bags subsequently removed and fruits 
kept under the same incubation conditions in growth chambers for 
the observation of symptom development. At 7 and 12 days after 
inoculation (DAI), lesion diameters were measured with a gradu-
ated ruler. At the end of each bioassay, the fungi were reisolated 
from fruit tissues, cultivated on PDA as described and then com-
pared with the original isolates. Aggressiveness (Andrivon, 1993) 
was estimated based on the lesion size at 7 and 12 DAI, with analy-
sis of variance and mean comparison (Scott–Knott, α = 0.05) con-
ducted with the SASM- AGRI software (https:// sasm-  agri. softw 
are. infor mer. com/8. 1/ ).

3  |  RESULTS

3.1  |  Identity of isolates

Colletotrichum spp. were recovered from 161 P. guajava plant sam-
ples and 10 additional plant species belonging to the Myrtaceae 
(Soares, 2017) covering most of Brazilian biomes and macroclimates 
(Table 1; Alvares et al., 2014). The 250 bp amplicons of the GAPDH 
gene were used as an initial measure of the isolate genetic diversity, 
with four main clades identified by Bayesian phylogenetic analysis, 
corresponding to the following complexes: gloeosporioides (n = 138 
isolates), acutatum (n = 24), boninense (n = 5) gigasporum (n = 3) and 
orchidearum (n = 1).

The multigenic phylogenetic study with the sequence data for 
fragments of the five genomic regions GAPDH, ApMAT, ITS, TUB2 
and HIS3, conducted with 82 guava- derived isolates plus four ad-
ditional E. uniflora isolates, identified 16 Colletotrichum species 
(Figure 1).

Sixty- two isolates were found to belong to the gloeosporioi-
des complex, of which 59 were from P. guajava and three from  
E. uniflora. The guava- derived isolates in the gloeosporioides com-
plex were grouped in 10 clades, corresponding to C. siamense 
(n = 34), C. chrysophilum (n = 9), C. fructicola (n = 8), C. tropicale (n = 3),  
C. gloeosporioides (n = 2), C. theobromicola (n = 2), C. asianum (n = 1), 
C. aeschynomenes (n = 1), C. musae (n = 1) and C. syzygicola (n = 1). 
The three isolates from E. uniflora belonged to the C. siamense clade 
(248PT, 249PT and 252PT).

Fifteen isolates (14 from guava and one from E. uniflora) were 
observed in the acutatum complex. The P. guajava isolates were 
grouped into three clades: C. nymphaeae (n = 5), C. melonis (n = 8) and 
C. paranaense (n = 1). The E. uniflora isolate (250PT) was grouped in 
the C. nymphaeae clade.

All five isolates in the boninense complex were obtained from  
P. guajava and were found to belong in the C. karsti clade. One guava- 
derived isolate in the orchidearum clade was identified as C. sojae. 
The multigenic phylogenetic analysis in the complex gigasporum 
identified three guava isolates as C. gigasporum.

3.2  |  Prevalence of Colletotrichum species 
according to geographic region

Figure 2 illustrates the species prevalence of 62 samples belonging to 
the C. gloeosporioides complex (Figure 2a) and 15 samples belonging to 
the C. acutatum complex (Figure 2b), according to physiographic region.

Five samples belonging to C. karsti (C. boninense complex) were 
distributed in states of the northeastern and central west regions 
of Brazil (PE, GO, DF). Of the three samples of C. gigasporum (sensu 
stricto), two were from the central west (GO) and one from the 
southeast (SP). The only representative of the C. orchidearum com-
plex (C. sojae) was collected in the central west region (GO).

Genomic region Primer Sequence (5′–3′) Reference

GAPDH GD- F GCCGTCAACGACCCCTTCATTGA Templeton 
et al. (1992)GD- R GGGTGGAGTCGTACTTGAGCATGT

β- tubulin T1 AACATGCGTGAGATTGTAAGT O'Donnell and 
Cigelnik (1997)T2 TAGTGACCCTTGGCCCAGTTG

ITS ITS- 1F CTTGGTCATTTAGAGGAAGTAA Gardes and 
Bruns (1993)

ITS 4 TCCTCCGCTTATTGATATGC White et al. (1990)

HIS3 CYLH3F AGGTCCACTGGTGGCAAG Crous et al. (2004)

CYLH3R AGCTGGATGTCCTTGGACTG

ApMAT CgDL_F6 AGTGGAGGTGCGGGACGTT Rojas et al. (2010)

CgMAT1_F2 TGATGTATCCCGACTACCG

TA B L E  3  Primers employed for 
identification of Colletotrichum isolates 
from Psidium guajava and other 
Myrtaceae.
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C. fructicola CBS125397 T

C. chrysophilum E183

C. aenigma ICMP18608 T

15*

245*

C. viniferum CAUG27

279*

C. nupharicola CBS472.96

206*

C. queenslandicum ICMP1778 T

134*

C. fructicola 1087

C. musae CMM4423

210*

110*

252*

249PT*

C. siamense CBS133123

242*

C. siamense CMM3777

43*

C. fructicola Coll996

C. chrysophilum CMM4268 T

C. asianum ICMP18580 T

C. chrysophilum 8395

C. asianum IMI313839

C. asianum CMM3747

C. musae CMM4445

118*

C. asianum MTCC11676

C. siamense CMM4247

C. nupharicola CBS469.96

C. australianum UMC002 T

C. viniferum GZAAS5 08608

228*

50*

C. fructicola ICMP18581 T

C. viniferum GZAAS5 08601 T

203*

205*

05*

C. fructicola Coll1126

253*

217*

55*

C. asianum MTCC11680

122*

196*

07*

248PT*

C. fructicola 7574

C. conoides CAUG17 T

201*

270*

193*

284*

C. asianum MTCC11678

C. nupharicola CBS470.96 T

DF18*

C. hebeiense JZB330028 T

149*

269*

C. tainanense UOM1119

251*

21*

C. tropicale CBS124949 T

C. siamense CMM4248

280*

49*

285*

C. fructicola 3589

215*

C. tainanense CBS143666 T

C. asianum CMM3758

23*

39*

258*

129*

24*

211*

C. fructicola GM567

281*

C. tropicale CMM4243

C. artocarpicola MFLUCC18 1167 T

255*

44*

C. siamense ICMP18578 T

117*

C. fructicola CollP1

C. musae CMM4422

251PT*

252PT*

47*

C. chrysophilum Coll919

197*

254*

C. salsolae CBS119296

212*

230*

C. salsolae ICMP19051 T

C. musae CBS116870 T

C. asianum CMM3793

C. aeschynomenes ATCC201874 T

237*

C. siamense CMM4244

29*

C. tropicale CMM2999

C. makassarense CBS143664 T

C. endophyticum MFLUCC130418 T

204*

99

82

100

99

100

100

91

81

74

100

89

90

78

100

96

91

96
76

100

79

90

95

99

77

85

100

100

81

77

99

100

90

100

71

100

98

77

70

88

87

90

100

97

100

87
97

84

0.01

C
. gloeosporioides sensu lato

C. musae

C. chrysophilum

C. fructicola

C. aeschynomenes

C. tropicale

C. asianum

C. siamense

F I G U R E  1  Maximum- likelihood tree of Colletotrichum inferred from a concatenated alignment of ACT, APN2/MAT- IGS, GAPDH, HIS3 and 
TUB2 gene regions. Significant supports (≥70) are shown above the branches. Ex- types are indicated with a ‘T’ after the culture collection 
number. Isolates from the present study are indicated with an asterisk. The tree is rooted at the midpoint. The scale bar indicates the 
average number of substitutions per site.
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F I G U R E  1   (Continued)

DF13*

265*

C. costaricense CBS330 75 T

C. gloeosporioides CAUG24

C. proteae CBS132882 T

C. gloeosporioides CAUG22

C. theobromicola COUFAL0039

C. rhexiae Coll1026 T
C. kahawae ICMP17816 T

C. horii ICMP10492 T

C. melonis CBS159 84 T

C. costaricense CBS211 78

C. tamarilloi CBS129814 T

C. fructivorum CBS133125 T

C. cigarro ICMP18539

C. theobromicola GJSB1160843

C. syzygicola MFLUCC10 0621

C. henanense LF238 T

C. gloeosporioides Coll20

C. theobromicola CBS142 31

C. lupini CBS109225 T

C. gloeosporioides IMI356878 T

C. yulongense CFCC50819 T

C. alatae ICMP17919 T

C. arecicola CGMCC3 19667 T

41*

C. grevileae CBS132879 T

C. paranaense CBS134729 T

C. aotearoa ICMP18537 T

C. gloeosporioides CMM3279

C. abscissum IMI504890

DF15*

C. theobromicola CMM4242

C. camelliae CGMCC3 14925 T

C. temperatum Coll883 T

32*

C. abscissum OCO ARC. 4

C. paranaense IMI384185

256*

C. gloeosporioides CAUG25

C. syzygicola MFLUCC10 0652

C. cobbittiense BRIP66219a

80*

C. gloeosporioides Coll914

222*

30*

C. lupini CBS109226

C. paranaense CBS134728

C. abscissum COAD1877 T

C. cuscutae IMI304802 T

283*

C. theobromicola COUFAL2200

C. pseudotheobromicola MFLUCC181602

C. abscissum CBS134727

C. tamarilloi CBS129956

C. cordylinicola MFLUCC090551 T

C. psidii CBS145 29 T

C. gloeosporioides CAUG23

C. clidemiae ICMP18658 T
C. dracaenigenum MFLUCC190430 T

C. melonis Col20

C. syzygicola MFLUCC10 0624 T

C. theobromicola CBS124945 T

46*

40*
36*

C. gloeosporioides CAUG3

C. grossum CAUG7 T

C. ledongense CGMCC3 18888 T

C. gloeosporioides CAUG29

C. abscissum COAD1876

8*

C. xanthorrhoeae CBS127831 T

C. limetticola CBS114 14 T

C. jiangxiense LF687 T

C. ti ICMP4832 T

C. helleniense CBS142418 T

C. syzygicola MFLUCC10 0630

C. theobromicola COUFAL0037

100

73
70

100

87

90

100

86

83

100

98

100
98

77

87

84

96

90

78

96

97

98

71

98

94

96

100

85

100

98

0.01

2x

2x

C
. gloeosporioides s. l.

C
. acutatum

 s. l.

C. gloeosporioides

C. theobromicola

C. syzygicola

C. melonis

C. paranaense
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F I G U R E  1   (Continued)

0.01

C. cairnsense BRIP63643

C. subvariabile C13876 T

38*

264*

DF01*

C. clivicola CBS125375 T

C. gigasporum CBS101881

C. watphraense MFLU14 0123

C. acerbum CBS128530 T

C. karsti CBS112762

C. plurivorum CBS125474 T

C. gigasporum CBS124947

C. camelliae-japonicae CGMCC3 18118 T

C. paxtonii IMI165753 T

C. oncidii CBS129828 T

C. novae-zelandiae CBS128505 T

C. brisbanense CBS292 67 T

C. jishouense GZU HJ2 G3 T

C. javanense CBS144963 T

C. dacrycarpi CBS130241 T

C. beeveri CBS128527 T

C. cosmi CBS853 73 T

C. cairnsense RIP63642 T

202*

C. wanningense CGMCC3 18936 T

C. brasiliense CBS128501 T

C. karsti CBS126532

C. rhombiforme CBS129953 T

C. hippeastri CBS125376 T

C. acutatum CBS112996 T

C. sojae CBS182 81

C. vietnamense CBS125478 T
C. arxii CBS132511 T

C. citricola CBS134228 T

C. australe CBS116478 T

C. variabile LC13875 T

191*

C. kniphofiae CBS143496 T

C. indonesiense CBS127551 T

C. roseum CBS145754 T

C. gigasporum CBS125475

C. condaoense CBS134299

C. karsti COUFAL0003

C. gigasporum CBS125476

C. gigasporum CBS125730

C. kinghornii CBS198 35 T

C. constrictum CBS128504 T

C. sojae CBS181 81

C. annellatum CBS129826 T

C. gigasporum CBS125731

C. philodendricola CGMCC3 19290 T

C. sloanei IMI364297 T

C. lauri MFLUCC17-0205 T

C. sojae CBS128510

C. scovillei CBS126529 T

C. orchidearum CBS135131 T

C. simmondsii CBS 122122 T

12*

C. chrysanthemi IMI364540 T

C. fioriniae CBS128517 T

C. pseudomajus CBS571 88 T

9*

C. sojae ATCC62257 T

C. karsti COUFAL0004

C. magnisporum CBS398 84 T

C. bromeliacearum LC0951 T

C. vittalense CBS181 82 T

C. phormii CBS118194 T

C. gigasporum CBS125385

C. karsti COUFAL0005

C. walleri CBS125472 T

C. gigasporum CBS132881

C. nymphaeae IMI370491

C. monsterae LC13871 T

C. gigasporum CBS159 75

C. acutatum CBS127545

263*

C. chamaedoreae LC13868 T

C. guajave IMI350839 T

C. karsti CBS127597 T

C. parsonsiae CBS128525 T

DF3*

C. musicola CBS132885 T

C. reniforme LC8230 T

C. cliviigenum CBS146825

C. salicis CBS607 94 T

C. arboricola CBS144795 T

C. boninense CBS123755 T

C. pereskiae COAD2995 T

C. chongqingense CS0612 T

C. colombiense CBS129818 T

C. gigasporum BCC38879

C. radicis CBS529 93 T

250PT*

C. petchii CBS378 94 T

C. doitungense MFLU14 0128

C. gigasporum CBS109355
C. gigasporum CBS1332667 T

C. karsti COUFAL0006

257*

C. nymphaeae CBS515 78 T

C. gigasporum CBS181 52

C. gigasporum MFLUCC100192

C. miaoliense NTUCC20 001 1 T

C. sojae ATCC11871

C. piperis CPC21195 T
C. syngoniicola LC8894 T

C. brassicicola CBS101059 T

C. pseudoboninense CGMCC3 19755 T

C. feijoicola CBS144633

C. torulosum CBS128544 T

C. gigasporum CBS125387

192*

C. phyllanthi CBS175 67 T

C. karsti CBS111998

C. cattleyicola CBS170 49 T

278*

C. cymbidicola IMI347923 T

C. johnstonii CBS128532 T

C. serranegrense COAD2100 T

C. sojae CBS134 87

C. australe CBS131325

120*

C. limonicola CBS142410 T

C. godetiae CBS133 44 T

C. laticiphilum CBS112989 T

01*

C. eriobotryae GLMC1935 T

C. catinaense CBS142417 T

C. carthami SAPA100011 T

C. pyricola CBS128531 T

99

76

93

86

99

85

97

71

91

100

100

76

100

99

78

79

90

100

98

90

86

94

100

75

94

77

100

100

100

77

100

89

95
91

100

100

100

73

100

87

79

76

77

77

100

100

70

100

100

99

80

95

C
. acutatum

 s. l.
C

. boninense s. l.
C

. orchidearum
 s. l.

C
. gigasporum

 s. l.

C. nymphaeae

C. karsti

C. sojae

C. gigasporum
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    |  1223SOARES et al.

3.3  |  Fruit tissue colonization and aggressiveness

All 26 representatives of the complexes gloeosporioides, acutatum, 
gigasporum, boninense, orchidearum and C. pseudoacutatum were able 
to colonize unripe fruits of both guava varieties. Typical anthracnose 
symptoms developed 7 DAI and progressed further up to 12 DAI, 
when the assays were terminated (Table 4). Disease symptoms are 
illustrated in Figure 3 for members of the C. gloeosporioides complex. 
All Colletotrichum isolates were recovered by direct isolation from 
conidial masses of all treatments. Mock- inoculated fruit developed 
no symptoms.

Although all isolates were able to colonize guava fruit tissue, an 
extensive variation in aggressiveness (sensu Andrivon, 1993) was ob-
served, as estimated by the speed of tissue colonization. Furthermore, 
the Colletotrichum isolates from the other Myrtaceae species (381ARC, 
418JR, 249PT and 602JAM; Table 4) were also able to colonize guava 
fruit, and often very aggressively. No differential interaction in aggres-
siveness was evident between the pathogen and the host genotypes 
studied, that is, the most (or least) aggressive isolates to Cortibel RM 
were also the most (or least) aggressive isolates to Cortibel SLG (Table 4).

Despite the fact that both Cortibel RM and Cortibel SLG were 
susceptible to the range of isolates tested, the latter (SLG) was 

consistently less diseased than RM. Overall, mean lesion size in 
Cortibel SLG was 23% and 16% smaller than in Cortibel RM at 7 and 12 
DAI, respectively. While this work did not focus on host resistance, it is 
worth mentioning that the relative response of the two varieties stood 
across a wide range of treatments (isolates), indicating that quantita-
tive resistance to Colletotrichum is present in the P. guajava germplasm.

Four species of the gloeosporioides complex, namely C. si-
amense, C. fructicola, C. syzygicola and C. tropicale, were found to be 
the most aggressive, causing mean lesions 50% (on RM) and 41% 
(on SLG) larger than the overall mean lesion size calculated for the 
bulk of isolates 7 DAI. Corresponding mean figures for these four 
species on RM and SLG at 12 DAI were 48% and 48%, respectively.

4  |  DISCUSSION

This is the first broad study to focus on the identity and distribution 
of the guava anthracnose pathogen in Brazil, based on a collection 
gathered over a wide area between latitudes 01°27′ S and 31°25′ S 
and covering a range of diverse physiographic regions. We examined 
samples obtained mostly from small backyard orchards, but also in-
cluded representatives of commercial fields and spontaneous trees. 

F I G U R E  2  Prevalence of Colletotrichum 
species of the (a) C. gloeosporioides 
complex (n = 62) and (b) C. acutatum 
complex (n = 15) that were associated 
with guava anthracnose in Brazil, by 
physiographic region. Members of 
C. acutatum were not found in the 
northern and northeastern regions.

(a)

(b)
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Isolates corresponding to C. gloeosporioides s. l. and C. acutatum s. l., 
traditionally referred to as the causal agents of guava anthracnose in 
Brazil, were also the most frequently identified in this study. However, 
in total, 16 Colletotrichum species (sensu stricto) were found associ-
ated with P. guajava: C. aeschynomenes, C. asianum, C. chrysophilum, 
C. fructicola, C. gigasporum, C. gloeosporioides, C. karsti, C. melonis,  

C. musae, C. nymphaeae, C. paranaense, C. siamense, C. sojae, C. syzygi-
cola, C. theobromicola and C. tropicale. Of these, only C. nymphaeae and 
C. gloeosporioides have been reported previously in guava (Bragança 
et al., 2016) and the remaining 14 are here reported for the first time.

Nevertheless, it is worth noticing that C. acutatum and C. abscissum, 
reported in Brazil by Bragança et al. (2016), and C. simmondsii, by Cruz 

TA B L E  4  Aggressiveness of Colletotrichum spp. to fruits of guava varieties Cortibel RM and Cortibel SLG, measured by lesion diameter 
(mm).

Isolate codea Colletotrichum complex Species

Lesion diameter

7 DAI 12 DAI

Cortibel RM Cortibel SLG Cortibel RM Cortibel SLG

284 C. gloeosporioides C. siamense 19.0 a 14.0 a 26.3 b 23.2 a

381ARC C. siamense 16.3 a 14.3 a 30.3 a 23.8 a

418JR C. siamense 17.2 a 12.3 b 28.1 a 23.0 a

254 C. siamense 15.9 a 13.4 a 24.2 b 21.6 b

215 C. siamense 15.7 a 10.6 c 21.3 c 17.9 c

249PT C. siamense 15.7 a 13.2 a 19.5 c 14.7 d

39 C. siamense 11.7 b 10.4 c 21.6 b 18.3 c

203 C. siamense 8.6 c 5.3 f 20.4 c 16.1 d

193 C. tropicale 16.6 a 8.3 d 31.3 a 15.8 d

222 C. syzygicola 16.3 a 10.2 c 25.0 b 20.1 b

204 C. chrysophilum 14.3 b 12.2 b 25.0 b 18.9 c

255 C. fructicola 15.0 a 9.6 c 25.3 b 17.7 c

265 C. theobromicola 9.7 c 6.7 e 15.8 d 13.2 e

46 C. gloeosporioides 6.0 d 6.3 e 16.4 d 19.4 c

283 C. gloeosporioides 6.0 d 3.8 g 15.0 d 10.0 f

46 C. asianum 5.6 d 5.2 f 5.6 f 12.1 e

283 C. musae 4.8 d 4.4 f 5.1 f 6.8 g

DF3 C. acutatum C. nymphaeae 8.5 c 6.7 e 17.4 d 14.8 d

202 C. nymphaeae 7.7 c 3.8 g 11.7 e 7.0 g

40 C. melonis 6.5 d 4.9 f 14.8 d 10.9 f

41 C. melonis 5.6 d 6.4 e 10.1 e 9.1 f

263 C. gigasporum C. gigasporum 4.8 d 4.8 f 5.5 f 5.7 g

257 C. gigasporum 3.9 d 4.4 f 4.5 f 7.6 g

264 C. orchidearum C. sojae 4.0 d 4.3 f 4.2 f 4.7 h

DF1 C. boninense C. karsti 4.5 d 4.7 f 4.5 f 5.7 g

602JAM n.d. C. pseudoacutatum 4.7 d 4.8 f 7.0 f 6.3 g

Overall average 10.2 7.9 16.8 14.0

Mock- inoculated 2.5 d 2.5 g 2.5 f 2.5 h

Note: Means followed by same letter in columns do not differ (Scott–Knott, α = 0.05). DAI, days after inoculation with the toothpick method. Fruits 
were at the half- ripe stage at inoculation, and bioassays were conducted at 25°C. nd, complex not defined.
a381ARC originally from Psidium firmum; 249PT originally from Eugenia sp.; 418JR originally from Syzygium sp. and 602JAM originally from Syzygium 
jambos. All other isolates from Psidium guajava.

F I G U R E  3  Aggressiveness of isolates of the Colletotrichum gloeosporioides complex to Psidium guajava ‘Cortibel SLG’ (1, 3) and ‘Cortibel 
RM’ (2, 4) at 7 and 12 days after inoculation (DAI), respectively. (A) Mock- inoculated control. (B–I) C. siamense, isolates 39, 284, 215, 254, 
203, 418JR, 381ARC and 249PT, respectively. (J) C. asianum (118). (K and L) C. fructicola (204 and 255). (M) C. gloeosporioides s. l. (222). (N) C. 
theobromicola (265). (O) C. tropicale (193). (P and Q) C. gloeosporioides (46, 283). (R) C. musae (55).
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et al. (2015), were not found in this survey. Similarly, C. psidii or C. gua-
javae mentioned by Zakaria (2021) were not found. These two latter 
species have not been recorded in the Americas nor have they been 
demonstrated to be pathogenic to guava.

It is significant that guava and the other Myrtaceae included in 
this study (P. firmum, E. uniflora, S. jambos and Syzygium sp.) are en-
demic botanical species throughout the sampled regions, and that 
the ubiquity of anthracnose over a wide area indicates that the 
Colletotrichum–P. guajava pathosystem is possibly native to Brazil, 
and probably very ancient. This may partially explain the great spe-
cies diversity found among the Colletotrichum associated with P. 
guajava. Indeed, the fact that isolates from other Myrtaceae (such 
as 381ARC from P. firmum, 418JR from Syzygium sp., 249PT from 
E. uniflora and 602JAM from S. jambos) were found to cause an-
thracnose on guava support the hypothesis of the endemic asso-
ciation of some of the Colletotrichum species with guava and pose 
practical management concerns. While several of the fungus species 
discussed in this study occur throughout the world and have wide 
host ranges (e.g., C. nymphaeae, C. karsti, C. fructicola, C. gloeospo-
rioides and C. siamense have over 50 and up to 173 hosts), some 
are much more restricted, both in territory and host range. For in-
stance, C. melonis has previously only been reported in Brazil and 
neighbouring Uruguay and on only three plant species, according 
to the U.S. National Fungus Collections Databases (https:// fungi. 
ars. usda. gov/ ). Similarly, C. paranaense is reported only from three 
hosts, again mostly from Brazil. It is likely that these two species are 
endemic to the Brazilian territory. Furthermore, C. syzygicola is the 
first record in the Americas; this species was previously reported 
only in Thailand on Syzygium samarangense, another species of the 
Myrtaceae family. The detection of C. asianum, mostly known as a 
mango pathogen, and C. sojae, a pathogen of leguminous field crops, 
is also noteworthy. Mango trees are widespread across all Brazilian 
regions (FAOSTAT, 2023), which makes it one putative source of C. 
asianum inoculum to guava. Likewise, C. sojae is a soybean (Glycine 
max) pathogen, a legume planted annually almost uninterruptedly 
from the southern Amazon to southern Brazil (Dias et al., 2019), with 
several associated Colletotrichum species recorded with it, including 
C. sojae (Boufleur et al., 2021).

The diversity of species found in this study reflects, and even 
surpasses, the diversity found in earlier studies conducted with 
other tropical fruit species in a single country, such as mango (Lima 
et al., 2013) and papaya (Vieira et al., 2022). Even accounting for 
the worldwide variability of Colletotrichum species found on mango 
(n = 26) or papaya (n = 17), the list of 16 species detected in this study 
in one (admittedly very large) country is impressive. Such variability 
of Colletotrichum species helps to explain the ubiquitous presence of 
guava anthracnose over widely separated regions in diverse physi-
cal and ecological environments and over variable host genotypes. 
Nevertheless, some prevalence patterns among regions are appar-
ent at the species level. For example, C. siamense is the most fre-
quent species found in the warm climates of the north, northeast, 
centre west and southeast regions, while it is in a minority in the 
more temperate south. Conversely, C. chrysophilum, which is also 

widespread, is dominant in the south, but becomes less common in 
the warmer regions of the north, northeast and centre west. That 
may reflect better adaptation of these two species to each physio-
graphic region.

Some of the Colletotrichum species found in this study have al-
ready been reported infecting other plant hosts in Brazil. Some of 
these, such as C. siamense, C. fructicola, C. chrysophilum, C. theobro-
micola, C. tropicale, C. gloeosporioides and C. karsti, are ubiquitous 
plant pathogens, infecting several other tropical fruit crops in Brazil 
(e.g., Bragança et al., 2014; Lima et al., 2013; Silva et al., 2021; Soares 
et al., 2020; Veloso et al., 2018; Vieira et al., 2022). Therefore, a flow 
of Colletotrichum isolates between guava (and other Myrtaceae) and 
other botanical families cannot be ruled out.

The bioassays unveiled widespread variation in aggressive-
ness among the Colletotrichum of P. guajava. Yet, even if many 
Colletotrichum species were found naturally associated to guava 
anthracnose, it was clear that those belonging to the C. gloeospo-
rioides complex (especially C. siamense. C. chrysophilum and C. 
fructicola) are the most aggressive and prevalent. C. siamense is 
clearly the most frequently found species in P. guajava in Brazil, 
distributed through all physiographic regions, and also present in 
other Myrtaceae. This species has also been recorded on guava 
in India, the world's largest producer, as well as in other top pro-
ducers, such as Indonesia and Mexico (Zakaria, 2021). Therefore, 
C. siamense should be seen as the main target for the develop-
ment of host genetic resistance. Fortunately, partial resistance to 
anthracnose appears to be available in the P. guajava germplasm, 
as Cortibel SLG (also referred to as Gigante) consistently devel-
oped smaller lesions, which agrees with unpublished reports from 
growers and extension personnel. Therefore, further investigation 
is warranted into screening of guava germplasm for resistance to 
anthracnose.

In conclusion, approximately 81% of the isolates in this study 
were found in the gloeosporioides complex, including the four most 
aggressive (C. siamense, C. chrysophilum, C. fructicola and C. tropi-
cale). C. siamense, followed by C. chrysophilum and C. fructicola, were 
also the most abundant. However, it is noteworthy that other mem-
bers of the gloeosporioides complex, such as C. musae, C. asianum and 
C. theobromicola, were much less aggressive. Therefore, the mere 
identification of the causal agent at the level of the Colletotrichum 
complex is not sufficient for a precise estimate of the risk of pro-
duction loss at any specific situation; accurate determination of the 
causal agent at the species level is foremost for successful guava 
anthracnose management.
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