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ABSTRACT 

 

There is no comprehensive survey of the presence of fungi associated with lima bean seeds. 

The objective of this study was to evaluate the fungal diversity of 34 samples of lima bean 

seeds, acquired with farmers and markets during the years 2014 and 2015 in the states of 

Ceará, Maranhão, Paraíba and Piauí. Subsamples of 400 seeds were sterilized by soaking in 

1% NaOCl solution for 3 minutes, followed by two washes in sterile distilled water, and dried 

at room temperature. Seeds were placed in Petri plates containing Potato Dextrose Agar, and 

incubated at 25 C for seven days. Fungal identification was based on morphological markers, 

and its incidences were quantified. Isolates from the main phytopathogens were also 

identified by the amplification and sequencing of housekeeping genes. Samples presented 

variations in diversity and incidence, with the presence of 22 fungal genera. Aspergillus spp., 

Penicillium spp., Curvularia sp. and Monilinia sp. corresponded to 63.76% of the colonies 

observed. Among the phytopathogens, isolates of Macrophomina phaseolina, Colletotrichum 

truncatum, Rhizoctonia solani, Fusarium udum and Fusarium oxysporum were identified by 

BLASTn analysis (99 to 100% DNA similarity) and phylogenetic analysis. C. truncatum and 

M. phaseolina presented the highest incidences (0.95% and 1.58%, respectively) among 

phytopathogens. 

 

Keywords: Colletotrichum truncatum, Macrophomina phaseolina, Phaseolus lunatus, seed 

pathology 

 

DIVERSIDADE FÚNGICA EM SEMENTES DE FEIJÃO-FAVA
 

 

RESUMO 

 

Não existe levantamento abrangente da presença de fungos associados a sementes de feijão-

fava. O objetivo deste trabalho foi avaliar a diversidade fúngica de 34 amostras de sementes 

de feijão-fava, adquiridas com produtores rurais e em feiras livres, durante os anos de 2014 e 

2015, nos estados do Ceará, Maranhão, Paraíba e Piauí. Subamostras de 400 sementes foram 

desinfestadas, e incubadas a 25 C durante sete dias em placas de Petri contendo meio de 

cultura Batata-Dextrose-Ágar. A identificação dos fungos foi realizada com base nos 

marcadores morfológicos, e suas incidências foram quantificadas. Isolados dos principais 

fitopatogógenos também foram identificados pela amplificação e sequenciamento de genes 

“housekeeping”. As amostras apresentaram variações na diversidade e incidência, com a 

presença de 22 gêneros fúngicos. Aspergillus spp., Penicillium spp., Curvularia sp. e 

Monilinia sp. corresponderam a 63,76% das colônias observadas. Dentre os fitopatógenos, os 

isolados de Macrophomina phaseolina, Colletotrichum truncatum, Rhizoctonia solani, 
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Fusarium udum e Fusarium oxysporum foram identificados por análise BLASTn (99 a 100% 

de similaridade de DNA) e análise filogenética. C. truncatum e M. phaseolina apresentaram 

as maiores incidências (0,95% e 1,58%, respectivamente) dentre os fitopatógenos.  

 

Palavras-chave: Colletotrichum truncatum, Macrophomina phaseolina, patologia de 

sementes, Phaseolus lunatus 

 

INTRODUCTION 

 

Plant seeds host a broad diversity of 

microorganisms that may be transmitted to 

seedlings, locally or systemically, as 

endophytes and/or pathogens; these 

microorganisms may also spoil seeds 

during storage (Kaga et al., 2009, Embaby 

et al., 2013). Occurrence of 

microorganisms associated with seeds can 

lead to reduced vigor and the emergence of 

seedlings that yield poorly (Parsa et al., 

2016). Furthermore, infected seeds may 

introduce and/or disseminate plant 

pathogens to new areas of cultivation, 

which this may result in epidemics 

(Oliveira et al., 2013).  

Lima bean (Phaseolus lunatus L.) is 

a leguminous annual plant with a climbing 

habit, producing pods with edible grains 

that have a high protein content (Seidu et 

al., 2015). In Brazil, it is generally planted 

in an unirrigated regime in a crop 

consortium, especially by smallholders 

(Oliveira et al., 2014). Brazilian 

Northeastern states are prominent in the 

production of this legume, and they have 

traditionally been responsible for more 

than 85% of national production (IBGE, 

2014). Although it is the second most 

consumed species of the Phaseolus genus 

in Brazil, and despite being susceptible to 

many diseases of fungal etiology, there is 

almost no knowledge about the microflora 

found in the seeds of this legume. In 

Brazil, the only study of this type was 

carried out with four samples collected in 

the state of Paraíba (Araújo et al., 1983).  

Phytosanitary quality of seeds is 

determined by the incidence of 

microorganisms that cause damage to the 

seed during storage, or which are 

transmitted by the seed, causing diseases 

and reductions in yield (Costa et al., 2013). 

It is vital to know more about the fungi 

naturally present in lima bean seeds, a 

prerequisite to supporting the 

implementation of more appropriate 

measures for disease management in the 

crop. 

The objective of this study was to 

evaluate the fungal diversity of 34 samples 

of lima bean seeds, acquired with farmers 

and markets during the years 2014 and 

2015 in the states of Ceará, Maranhão, 

Paraíba and Piauí. 

 

 

MATERIAL AND METHODS 

 

In counties from the states of Ceará, 

Maranhão, Paraíba and Piauí, 34 samples 

of lima beans were acquired from rural 

producers and open fairs in 2014 and 2015. 

These seeds were then deposited in the 

Active Bank of Lima Bean Germplasm at 

the Federal University of Piauí/UFPI 

(Table 1). 

Accessions were submitted to the 

seed health test in accordance with the 

recommendations of Brasil (2009). 

Subsamples of 400 seeds were disinfected 

by immersing them in a sodium 

hypochlorite (NaOCl) 1% solution, for 

three minutes, followed by two washes 

with sterilized distilled water (BRASIL, 

2009). Seeds were deposited in Petri dishes 

with a 150 mm diameter, containing 

Potato-Dextrose-Agar (PDA) medium. Six 

seeds were distributed equidistantly per 

plate, where they remained for between 

five and seven days in an incubator, at a 

temperature of 25 ± 1 ºC and a photoperiod 

of 12 hours.  
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 Table 1. Mean incidence and percentage of fungi in seeds of 34 lima bean (Phaseolus lunatus L.) accessions 
Ascess Origin Aspergilus 

sp. 
Colletotrichum 

truncatum
 

Curvularia  
sp. 

Macrophomina 
phaseolina 

Penicilium  
sp. 

UFPI 880 Puxinanã, PB 3.75 0.00 1.00 0.00 1.00 

UFPI 881 Matões, MA 2.00 0.00 3.00 0.00 3.75 

UFPI 883 Esperantina, PI 9.00 4.00 6.25 3.50 12.00 

UFPI 884 Salitre, CE  3.75 0.00 0.75 18.25 6.50 

UFPI 885 Presidente Dutra, MA 3.75 0.00 2.00 0.25 4.75 

UFPI 886 Novo Oriente, CE 4.50 2.50 2.50 0.00 7.00 

UFPI 888 Tianguá, CE 14.25 0.00 9.00 0.00 4.50 

UFPI 889 Paraibano, MA 6.00 2.25 4.00 0.00 3.00 

UFPI 890 Bocaina, PI 3.00 1.25 1.50 0.00 3.00 

UFPI 891 Uruçuí, PI 2.50 0.50 3.00 0.00 7.00 

UFPI 892 São Gonçalo, PI 5.75 0.75 4.00 0.00 3.00 

UFPI 893 São Gonçalo, PI 3.00 0.00 11.25 0.00 0.00 

UFPI 894 Esperantina, PI 3.50 2.75 6.50 8.50 2.75 

UFPI 895 José de Freitas, PI 2.25 0.00 1.00 0.00 4.50 

UFPI 896 Crateús, CE 1.25 0.00 1.00 0.00 2.25 

UFPI 897 Fagundes, PB 3.00 1.50 1.75 0.00 1.25 

UFPI 898 Pocinhos, PB 2.00 0.00 1.00 0.00 5.00 

UFPI 899 Lagoa Seca, PB 6.00 0.00 0.50 0.00 2.50 

UFPI 900 Areias, PB 1.75 0.00 3.00 0.00 3.00 

UFPI 902 São Benedito, CE 3.50 0.25 2.00 0.00 0.75 

UFPI 903 São Benedito, CE 2.25 0.00 2.25 0.00 0.25 

UFPI 904 Parambú, CE 4.50 0.00 3.25 1.00 1.50 

UFPI 905 Pedra Branca, CE 3.25 0.00 1.25 1.25 0.50 

UFPI 906 Crateús, CE 1.75 0.00 2.75 1.25 2.25 

UFPI 907 Tauá, CE 5.25 0.00 2.00 0.00 0.75 

UFPI 908 Pedra Branca, CE  6.25 0.75 0.50 0.00 0.00 

UFPI 910 Pedro II, PI 16.00 0.25 3.50 1.00 0.00 

UFPI 911 Teresina, PI 14.25 0.50 2.25 4.50 4.25 

UFPI 912 Passagem Franca, PI 2.50 0.75 2.00 0.75 3.75 

UFPI 913 Amarante, PI 16.25 1.75 3.75 1.75 17.00 

UFPI 914 Chapada Grande, PI 5.00 0.00 3.75 1.00 3.75 

UFPI 915 Miguel Alves, PI 3.00 0.25 8.00 0.00 10.00 

UFPI 916 Colinas, MA 19.25 2.25 2.50 2.00 8.00 

UFPI 923 Tanque, PI 9.25 10.00 1.50 8.75 3.75 

Mean (%)  5.68 0.95 3.07 1.58 3.92 
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Fragments of hyphae and spores of 

the fungi were transferred to the PDA 

medium for later identification using 

morphological markers. Colonies were 

quantified for the mean incidence among 

the 34 accessions, and the percentage of 

fungal frequency was evaluated by genus 

or species within the general total colonies 

formed. Because some fungi presented 

difficulties in sporulation, they were placed 

on different culture media, such as Malt 

Extract, Spezieller nährstoffarmer agar 

(SNA) and oat agar, and then submitted to 

different light regimes, such as continuous 

darkness and a photoperiod of 12 h at 25 ± 

1°C. With the purpose of stimulating the 

production of sclerotia of Sclerotium sp., 

sterilized toothpicks were added to the 

colonies so that slides could be mounted 

later and morphological identification 

carried out. After visual identification, 

isolates considered to be plant-pathogenic 

were put on to Petri dishes with PDA 

medium, incubated at 25 ± 1 °C, under a 

photoperiod of 12 h, for up to seven days.  

After growing, the fungi were 

preserved in tubes containing mineral oil 

and maintained at room temperature.  

Samples of the isolates from the 

genera Colletotrichum, Macrophomina, 

Fusarium and Rhizoctonia were identified 

by gene sequencing. Sequenced genes 

were: GAPDH (glyceraldehyde 3-

phosphate dehydrogenase, primers GDF1 

and GDR1) to Colletotrichum sp., EF-1α 

(Elongation factor 1-α, primers EF1-728F) 

to Macrophomina sp. and Fusarium sp., 

and ITS (Internal Transcribed Spacer, 

primers ITS1 and ITS4) to Rhizoctonia sp. 

DNA was extracted using a Wizard 

Genomic DNA Purification Kit® 

(Promega, Madison, WI, USA). Reactions 

were carried out using a GoTaq® 

Colorless Master Mix kit (Promega, 

Madison, WI, USA). Fragments amplified 

were purified using the Wizard® SV Gel 

kit and PCR Clean-Up System (Promega, 

Madison, WI, USA) and were sequenced 

in both sense and anti-sense directions by 

Macrogen, USA. Sequences edited were 

compared with other sequences deposited 

in GenBank, using the program BLASTn 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). 

Multiple sequence alignments were 

generated using the program ClustalW 

implemented by the program MEGA 6.0 

(Tamura et al., 2013). Alignments were 

corrected manually, and the analysis was 

carried out with MEGA 6.0 using the 

maximum parsimony method. 

 

RESULTS AND DISCUSSION 

 

Species of fungus from 22 genera 

were detected and identified. Fungi that 

occurred with frequency above 10% were 

Aspergillus spp., Penicillium spp., 

Curvularia sp. and Monilinia sp., which 

together corresponded to 63.76% of all the 

colonies obtained, reaching incidences of 

5.68, 3.90, 3.07 and 2.51%, respectively 

(Table 2). Similar mean incidences had 

been found in four samples of lima bean 

seeds obtained in Paraíba State (Araújo et 

al., 1983). These fungi are commonly 

associated with seeds, and they do not 

generally cause diseases in most cultivated 

species under field conditions. However, 

they may compromise seed quality, 

reducing germinative power and embryo 

death, especially when storage is 

inappropriate (Embaby et al., 2013). 

Penicillium spp. were detected in 31 

of the 34 samples analyzed, while 

Aspergillus spp. and Curvularia sp. were 

found in all samples (Table 2). Reports 

exist of Aspergillus spp. and Penicillium 

spp. affecting germination, provoking 

necrosis of the cotyledons, radicle and 

initial leaves of cowpea, resulting in 

abnormal seedlings (Rodrigues & 

Menezes, 2002). When high incidences of 

these species are found they may make 

germination inviable and cause fungal 

structures to grow on soybean seeds (Costa 

et al., 2013). Some species of Penicillium 

and Aspergillus not only spoil grains and 

seeds, but may also infect botanical 

species, producing micotoxins (Riverberi 

et al., 2010).  
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Table 2. Fungal diversity in seeds of 34 lima bean (Phaseolus lunatus 

L.) accessions. 

Genus/Species Colony Frequency
1
 

Mean 

incidence
2
 

(maximum) 

Aspergillus spp. 773 23.89 5.68 (19.25) 

Bipolaris sp. 1 0.03 0.01 (0.25) 

Chaetomium sp. 1 0.03 0.01 (0.25) 

Cladosporium sp. 23 0.71 0.17 (5.75) 

Colletotrichum truncatum 129 3.99 0.95 (10.00) 

Curvularia sp. 417 12.89 3.07 (11.25) 

Eurotium sp. 18 0.55 0.14 (1.50) 

Fusarium camptoceras 117 3.62 0.86 (5.00) 

F. clamydosporum 13 0.40 0.10 (0.75) 

Fusarium spp. 41 1.27 0.75 (4.75) 

F. verticilioides 4 0.12 0.03 (0.75) 

Fusiccocum sp. 59 1.82 0.43 (3.50) 

Geotrichum sp. 2 0.06 0.01 (0.50) 

Lasiodiplodia sp. 6 0.19 0.04 (1.25) 

Macrophomina phaseolina 215 6.65 1.58 (18.25) 

Monilinia sp. 342 10.57 2.51 (9.75) 

Nigrospora sp. 14 0.43 0.10 (1.00) 

Penicillium spp. 531 16.41 3.90 (17.00) 

Pestalotia sp. 7 0.22 0.05 (0.50) 

Phytium sp. 49 1.51 0.36 (11.75) 

Phomopsis sp. 7 0.22 0.05 (1.50) 

Rhizoctonia solani AG2-

2WB 
1 0.03 0.01 (0.25) 

Rhizopus sp. 114 3.52 0.84 (5.00) 

Sclerotium sp. 9 0.28 0.07 (0.75) 

Talaromyces sp. 21 0.65 0.15 (1.50) 

Unidentified 330 10.20 2.43 (14.75) 

Total colonies 3244     
1
Frequency of fungal species expressed as a percentage, considering 

the total of the colonies obtained. 
2
Mean incidence of fungal species expressed as a percentage, 

considering the 34 samples, and maximum incidence obtained 

considering the 34 samples evaluated. 

 

Among the fungi considered 

important pathogens of leguminous crops, 

Colletotrichum truncatum (incidence of 

0.95%) and Macrophomina phaseolina 

(incidence of 1.58%) were found (Table 1). 

Despite their low incidence, they were 

prevalent in 50 and 41,17% of the samples, 

respectively (Table 1). C. truncatum is the 

causal agent of anthracnose in lima bean, 

leading to seedling death and severe 

infections in adult plants, causing yield 

losses (Carvalho et al., 2015). This is the 

first time the pathogen has been found 

associated with lima bean seeds, since 

Araújo et al. (1983) did not register its 

occurrence. In soybean, C. truncatum has 

already been found in association with 

seeds, with an incidence of 23.64%, and it 

is one of the main pathogens transmitted 

by seeds in this crop (Sousa et al., 2011).  
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Macrophomina phaseolina is the 

causal agent of charcoal rot and occurs in 

more than 500 botanical species, affecting 

both legumes and grasses (Gupta et al., 

2012). Presence of this pathogen in crops 

such as cowpea and soybean can result in 

epidemics (Gupta et al., 2012). This study 

reports the presence of M. phaseolina in 

lima bean seeds for the first time. 

Rhizoctonia solani AG2-2WB 

(incidence of  0.01%) and Sclerotium sp. 

(incidence of  0.07%) were also found 

(Table 2), evidencing the importance of 

seeds as a vehicle to transport plant-

pathogenic fungi that may compromise 

crop health. R. solani is widely distributed 

and causes diseases in a variety of crops 

(Gonzalez et al., 2006). Furthermore, R. 

solani is responsible for causing collapse 

and rot of lima bean roots, while 

Sclerotium sp. cause stalk rot (Assunção et 

al., 2011; Silva et al., 2014). Even 

presenting low incidence, both pathogens 

can be introduced into new areas of 

cultivation by infected seeds. Araújo et al. 

(1983) found Rhizoctonia sp. and 

Sclerotium rolfsii with incidences of 3.5% 

and 0.05% in lima bean seeds. Lima bean 

presents high susceptibility to the action of 

S. rolfsii (Silva et al., 2014).  

Fusarium genus was found in 22 

accessions, totaling 64.7% of the samples. 

Different species were morphologically 

identified: F. camptoceras, F. 

clamydosporium and F. verticillioides. 

Some isolates not identified by 

morphology were identified by the 

sequencing of the EF-1α gene. Araújo et 

al. (1983) found a frequency of 3.83% of 

Fusarium spp. in lima bean seeds, but 

without identification of the pathogenic 

and saprophytic species. In lima bean, 

there are no reports of Fusarium spp. 

causing damage to the seed and being 

transmitted to the seedling. In other crops, 

Fusarium spp. can inhibit seed germination 

and may be efficiently transmitted, as 

occurs with Fusarium oxysporum, which is 

transmitted from seeds to seedlings of 

common bean at a rate of 13.4% (Parsa et 

al., 2016).  

By sequencing housekeeping genes 

from the fungal isolates identified by 

morphological markers was possible to 

confirm the identity of these isolates. 

Macrophomina sp., Colletotrichum sp., 

Rhizoctonia sp. and some Fusarium spp. 

isolates showed 99-100% similarity with 

M. phaseolina (KF553897), C. truncatum 

(KT696309), R. solani AG2-2WB 

(KF907728), Fusarium udum (AM295809) 

and F. oxysporum (KF562122) (Table 3). 

C. truncatum isolates grouped with the ex-

holotype isolate (CBS 151.35) with 90% 

bootstrap, while M. phaseolina isolates 

grouped with M. phaseolina isolates from 

other beans and soybean, with 100% 

bootstrap (data not shown), on a branch 

distinct from the second species of the 

genus, M. pseudophaseolina (Sarr et al., 

2014).  

Approximately 10.2% of the fungal 

colonies were not identified because 

sporulation was absent (Table 2), even 

using nutrient poor media (Water-Agar, 

Malt Extract Agar) and incubation regimes 

to induce stress (24 h dark, growth under 

black light, stiletto injury).  Aerobasidium 

pullalans and Marasmium spp. are 

examples of fungi that rarely sporulate in 

culture media and which were found acting 

as endophytes in common bean (Parsa et 

al., 2016). Future studies of sequencing the 

ITS region of the unidentified fungi will be 

conducted. 
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Table 3. Identification by Blastn analysis of some fungal isolates 

obtained from lima beans seeds (Phaseolus lunatus L.) 

Isolate 

name 
Closest species* 

Sequence 

identity 

GenBank 

access 

code 

JM01 Colletotrichum truncatum 100% KT696309 

JM02 Colletotrichum truncatum 100% KT696309 

JM12 Fusarium udum 99% AM295809 

JM32 Fusarium oxysporum 99% KY379216 

JM33 Macrophomina phaseolina 99% KF553897 

MPM143 Macrophomina phaseolina 99% KF553897 

JM41 Rhizoctonia solani 99% KX397678 

* Species identity was confirmed by phylogenetic analysis (data 

not shown). 

 

In this work, Monilinia sp., Phytium 

sp. and Rhizopus sp. were found causing 

accentuated rot in seeds. Nigrospora sp. 

and Cephalosporium sp. were also 

identified in lima bean seeds, but the 

infection did not seem to affect their 

germination. Fungi associated with seeds 

may not always be pathogenic; instead, 

they may merely use the seeds as means of 

transport, or may remain as saprophytes 

until the environment becomes favorable to 

their development (Oliveira, 2013). 

With the expanding plantations of 

lima bean mainly in the Brazilian 

Northeast, it has become more important to 

carry out studies to identify the pathogens 

associated and transmitted by seeds. 

Results obtained in this work will support 

studies on the application of management 

measures for fungal diseases in lima bean, 

which will allow appropriate strategies to 

be established. These include the 

possibility of chemical treatment of seeds 

and plants, and the development of 

resistant genotypes. 

 

CONCLUSIONS 

 

There is a high diversity of fungi 

associated to the 34 lima bean samples 

from the accessions of the Germplasm 

Bank of the UFPI.  

The highest incidences of fungi in 

the evaluated seeds were of species 

associated to seed deterioration, such as 

Aspergillus spp., Penicillium spp., 

Curvularia sp. and Monilinia sp. Among 

the phytopathogens, isolates of 

Macrophomina phaseolina, Colletotrichum 

truncatum, Rhizoctonia solani, Fusarium 

udum and Fusarium oxysporum were 

identified on the samples.  

Colletotrichum truncatum and M. 

phaseolina presented the highest 

incidences among phytopathogens.
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