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ABSTRACT: Anthracnose, caused by Colletotrichum lindemuthianum, is one of the main 
diseases affecting common bean in Brazil, and field losses can reach 100%. Transmission 
of this pathogen from seeds to seedlings/plants may vary according to environmental 
conditions and initial inoculum levels, among other factors. The aim of this study was to 
quantify the transmission rate of C. lindemuthianum, race 65, from infected bean seeds 
to seedlings/plants under controlled conditions. Seed inoculation was performed by the 
water conditioning technique in order to obtain seeds with different inoculum potentials as 
a result of the exposure time of the seeds to the fungus in pure culture, with the potentials 
denominated P0, P36, P72, P108, and P144. Inoculated and non-inoculated seeds were 
individually sown and kept in growth chambers under two temperatures, 20 and 26 °C, for 
a period of 28 days. There was transmission of the pathogen in both asymptomatic and 
symptomatic plants. The highest total transmission rate (92%) occurred in plants originating 
from seeds exposed for 144 hours to the fungus at 20 °C.

Index terms: transmission, common bean anthracnose, inoculum potential.

Transmissão potencial de Colletotrichum lindemuthianum (raça 65) em 
associação com sementes de feijão sob condições controladas

RESUMO: A antracnose do feijoeiro, causada por Colletotrichum lindemuthianum, é 
uma das principais doenças que ocorre no feijoeiro e as perdas podem chegar a 100%. A 
transmissão deste patógeno de sementes para plântulas/plantas pode variar de acordo com 
as condições ambientais e nível de inóculo, dentre outros fatores. O objetivo deste trabalho 
foi quantificar a taxa de transmissão de C. lindemuthianum, raça 65, a partir de sementes de 
feijão infectadas. A inoculação das sementes foi realizada pela técnica de condicionamento 
hídrico com o intuito de se obter sementes com diferentes potenciais de inóculo, em função 
do tempo de exposição das sementes com o fungo em cultura pura, sendo os potenciais 
denominados: P0, P36, P72, P108 e P144. Sementes não inoculadas e inoculadas foram 
semeadas individualmente e mantidas em câmaras de crescimento vegetal sob duas 
temperaturas de crescimento, 20 e 26 °C pelo período de 28 dias. Observou-se que, tanto 
em plantas assintomáticas, quanto nas sintomáticas, houve transmissão do patógeno. A 
maior taxa de transmissão total (92%) ocorreu nas plantas originadas a partir de sementes 
expostas por 144 horas ao fungo e a 20 °C.

Termos para indexação: transmissão, antracnose do feijoeiro, potencial de inóculo.
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INTRODUCTION

Anthracnose caused by Colletotrichum lindemuthianum (Sacc. & Magn.) Briosi & Cav. is one of the most serious 
diseases of common bean in Brazil. The fungus is transmitted by seeds, which are responsible for introduction and 
significant concentrations of the inoculum in growing areas. Seeds are an effective vehicle for dissemination of this 
organism (Maringoni and Barros, 2002; Sartori et al., 2004; Vechiato et al., 1997; Vieira, 1988; Ferreira et al., 2019). 

This understanding indicates that one of the main strategies for control of anthracnose is the use of pathogen-free 
seeds, preventing its dissemination to healthy plants of a given population and to other growing regions (Sartori et al., 
2004; Vieira, 1988). 

Transmission of C. lindemuthianum from seeds to seedlings is known to occur quickly and effectively. In Rey 
et al. (2009), common bean seeds of the cultivar Líder, belonging to the white bean class, were exposed to C. 
lindemuthianum (races 65, 73, and 81) for 96 hours. Even though the seeds had not been coated across 100% of 
their area, they showed high transmission rates of the fungus, which ranged from 70 to 80 %. In addition, symptoms 
typical of the fungus were observed in all parts of the plants, the cotyledons, stems, and leaves. 

The presence of the pathogen in seeds constitutes the primary inoculum source, and it may lead to damage in seed 
performance in a variable manner. The pathogen may affect establishment of the crop and cause reductions in the 
plant population, reducing its yield. Furthermore, it remains in the crop area, constituting a source of the inoculum for 
subsequent crops (Talamini et al., 2001).

Studies on C. lindemuthianum transmission in common bean seeds have not taken into account the presence 
of the pathogen in tissues of asymptomatic emerged plants or in dead seeds or seedlings in pre-emergence. These 
evaluations, as a complement to recognition of the presence of the pathogen in symptomatic plants, are of extreme 
importance, particularly from the epidemiological perspective. It is also important to emphasize that the probability of 
transmission of the fungus increases with colonization of the internal seed tissues, particularly in the embryo (Agarwal 
and Sinclair, 1987; Neergaard, 1979).

Given this scenario, the aim of this study was to evaluate the transmissibility of C. lindemuthianum (race 65) from 
common bean seeds to plants based on different levels of inoculum potential and on environmental growing conditions.

MATERIALS AND METHODS

Origin, multiplication of Colletotrichum lindemuthianum (race 65), and seed profile

For this study, the isolate of C. lindemuthianum (LV238), race 65, was used, granted by the Plant Resistance 
Laboratory of the Department of Biology of the Universidade Federal de Lavras. This isolate was cultivated in M3 
medium [10 g of sucrose, 20 g of agar, 2 g of KH

2
(PO

4
), 1 g of MgSO

4
7H

2
O, 6 g of neopeptone/peptone, 4 mL of panvit, 

and 1 mL of chloramphenicol per liter of distilled water] in 15-cm Petri dishes and kept in a BOD chamber at 20 ± 2 °C 
and twelve-hour photoperiod for seven days. The Pérola cultivar of the Carioca common bean group, susceptible to 
C. lindemuthianum, was used, with initial germination percentage of 95.5%, evaluated according to the Rules for Seed 
Testing (Brasil, 2009a), and incidence of 0.5% of seeds with Aspergillus flavus and 0.5% with Penicillium sp. detected 
through the seed health test (Brasil, 2009b).

A randomized block design was used to conduct the experiments, using four replications per treatment, and two 
cultivation temperatures.

Obtaining seeds infected by Colletotrichum lindemuthianum with different inoculum potentials

To obtain ‘Pérola’ common bean seeds with different levels of pathogen inoculum potential, the water conditioning 
method was followed (Botelho et al., 2013; Machado et al., 2012). The seeds were initially desinfested with 1% sodium 
hypochlorite for 1 minute and then washed three times in distilled water, with subsequent drying on two sheets of 
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Germitest (germination testing paper) in plastic trays in a laboratory environment for 48 hours. Fungal colonies at seven 
days of age were obtained in Petri dishes containing M3 medium with the addition of mannitol, with potential adjusted 
to -1.0 MPa (Michel and Radcliffe, 1995). Seeds were distributed in a single layer on this agarized medium in a uniform 
manner. The Petri dishes with seeds were kept in a BOD chamber at 20 ± 2 °C and twelve-hour photoperiod for periods of 
0, 36, 72, 108, and 144 hours, which corresponded to the different inoculum potentials denominated P0, P36, P72, P108, 
and P144, respectively. After each period of contact between fungi and seeds, the seeds were transferred from the Petri 
dishes to plastic trays containing two sheets of Germitest paper, remaining at ambient temperature for 48 hours.

Sowing under controlled conditions and evaluations

A randomized block experimental design was used to carry out the experiments, with four replications per treatment 
and two growing temperatures.

For each treatment, 100 inoculated seeds were sown individually in 200 mL plastic cups containing a mixture of 
Plantmax® commercial substrate, soil and sand at a 1:1:1 proportion. The cups were placed in four plastic trays, 25 
cups in each tray, obtaining four replications. The experiment was conducted in two plant growth chambers with 
temperatures adjusted to 20 ± 2 °C and 26 ± 2 °C, and twelve-hour photoperiod. The plants were kept under these 
conditions for 28 days after sowing (D.A.S.). Symptomatic and asymptomatic plants were counted daily.

Fragments (2 cm) from symptomatic and asymptomatic plants, removed at the height of the root collar (C) and of 
the top leaf node (LN), were placed in Petri dishes containing M3 medium at the temperature of 20 °C and 12-hour 
photoperiod for seven days for confirmation of the presence of C. lindemuthianum in their tissues. The fragments 
were first desinfested for one minute in each one of the following products: 70% alcohol, 1% sodium hypochlorite, and 
distilled and sterilized water. They were then dried on sterilized paper at ambient temperature. After this period, the 
fragments were individually evaluated in a stereoscopic microscope for observation of the characteristic structures of 
C. lindemuthianum.

Confirmation of fungus transmission from seeds to plants was assumed when at least one of the fragments (C or LN) 
indicated the presence of C. lindemuthianum. The total transmission rate was calculated considering the symptomatic 
plants, asymptomatic plants (occurrence of the fungus in parts of the asymptomatic plants), and dead seedlings in pre-
emergence (Siqueira et al., 2014).

The experiment was conducted in a randomized block design with one cultivar, two temperatures, and four 
inoculum potentials, with four replications per treatment.

Statistical analysis

Statistical analysis was carried out using the Sisvar® 5.6 program (Ferreira, 2011). When the variable was significant 
in the F test, the mean values among the treatments were compared by the regression test at 5% probability. 

RESULTS AND DISCUSSION

Analyses of variance for the variables – death of seeds.seedlings-1 in pre-emergence, transmission rates in symptomatic 
and asymptomatic plants, and total transmission rate from seeds to emerged plants when the seeds were inoculated with 
C. lindemuthianum (race 65) – revealed non-significant differences (p ≤ 0.05) among the treatments (Tables 1 and 2). 

According to the control treatments, there was no interference from the water restrictor mannitol on seed performance.
The results observed in this study show that the fungus C. lindemuthianum did not cause a significant effect on 

seed death in pre-emergence and common bean seedlings. However, their effects can be observed afterwards through 
the appearance of anthracnose symptoms on emerged plants on the cotyledons, stems, and leaves, which constitute 
sources of inoculum that can disseminate the pathogen in the current crop and in the following crops.

There was an increase in seedling death in pre-emergence related to inoculum potential with the temperature 
of 20 °C, which is a factor that favors development of anthracnose (Figure 1). Death in pre-emergence of seeds and 
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Table 1.	 Transmission rates of Colletotrichum lindemuthianum, race 65, isolate LV238, to plants from inoculated seeds 
with different seed-fungus contact periods, corresponding to the inoculum potentials P0 (0 h), P36 (36 h), P72 
(72 h), P108 (108 h), and P144 (144 h).

Tests in a plant growth chamber*

Treatments Death in
pre-emergence (%)

Transmission rate in 
symptomatic plants (%)

Transmission rate in 
asymptomatic plants (%)

Total transmission rate 
(%)

P0 - 20 °C 5 0 0 5
P36 - 20 °C 15 6 11 32
P72 - 20 °C 24 9 14 47
P108 - 20 °C 30 25 20 75
P144 - 20 °C 35 29 28 92
P0 - 26 °C 3 0 0 3
P36 - 26 °C 8 5 1 14
P72 - 26 °C 11 8 5 24
P108 - 26 °C 15 10 7 32
P144 - 26 °C 19 26 11 56

CV (%) 40.60 33.41 23.81 35.55

*Significant at 0.05%

Table 2.	 Incidence of Colletotrichum lindemuthianum, race 65, isolate LV238, in two regions analyzed of asymptomatic 
plants grown from inoculated seeds with different seed-fungus contact periods, corresponding to the 
inoculum potentials P0 (0 h), P36 (36 h), P72 (72 h), P108 (108 h), and P144 (144 h).

Asymptomatic plants**
Treatments Incidence in C* (%) Incidence in LN* (%)

P0 - 20 °C 0 0
P36 - 20 °C 25 0
P72 - 20 °C 75 0
P108 - 20 °C 75 0
P144 - 20 °C 74 25
P0 - 26 °C 0 0
P36 - 26 °C 81 19
P72 - 26 °C 83 52
P108 - 26 °C 89 36
P144 - 26 °C 97 54

CV (%) 36.57 47.88

*C – root collar of asymptomatic plant; LN – top leaf node of asymptomatic plant.
**Significant at 0.05%.

seedlings ranged from 16 to 30 %. Some pathogens in other pathosystems proved to be more damaging to seeds in 
pre-emergence, such as Stenocarpella macrospora, which caused death in pre-emergence of maize seeds in a range 
from 61 to 73.5% at the higher inoculum potentials (Siqueira et al., 2014). The results of the present study show that 
C. lindemuthianum does not cause significant death of its host in pre-emergence, bearing in mind that this pathogen is 
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Figure 1.	 Percentage of death in pre-emergence of common bean (‘Pérola’) seeds-seedlings inoculated with the isolate 
LV238 of Colletotrichum lindemuthianum (race 65) with different seed-fungus contact periods (0 h, 36 h, 72 h, 
108 h, and 144 h), corresponding to the inoculum potentials P0, P36, P72, P108, and P144, and grown at two 
temperatures (20 and 26 °C).
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Figure 2.	 Transmission rate of Colletotrichum lindemuthianum (race 65), isolate LV238, in symptomatic plants of 
common bean (‘Pérola’) grown from inoculated seeds with different seed-fungus contact periods (0 h, 36 h, 
72 h, 108 h, and 144 h), corresponding to the inoculum potentials P0, P36, P72, P108, and P144, and grown 
at two temperatures (20 and 26 °C). 

not considered an organism that inhabits the soil (Hall, 1991).
In relation to the C. lindemuthianum transmission rate from seeds to symptomatic plants (Figure 2), the highest 

rates were observed in the plants grown from seeds with higher inoculum potentials, P108 and P144. Plants grown 
at the temperature of 20 °C had a higher transmission rate, as observed in symptomatic plants, than plants grown 
at 26 °C. In addition, the highest inoculum potentials led to higher fungal transmission rates, reaching 29% (P144), 
whereas the control (P0) did not manifest transmission.
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From these results, it is clear that the temperature of 20 °C is more favorable to transmission of the fungus than 
the temperature of 26 °C. Examples in this same line of research show different patterns of this type of transmission, 
although there is a tendency similar to the results of this study. In this respect, Venturoso et al. (2015) found a high 
rate of transmission of S. sclerotiorum from seeds to seedlings of some oilseed plants. In their studies on transmission 
of S. macrospora and S. maydis in maize, Siqueira et al. (2014; 2016) observed that the fungal transmission rates were 
proportionally higher from the first inoculum potential to the last one, and there was a inverse proportionality between 
the inoculum potentials and the seed performance. 

Therefore, a variation can be seen in the patterns of pathogen transmission in accordance with the initial inoculum 
potentials in the seeds. These variations among values of inoculum potential for each pathosystem lead to consideration 
of management strategies corresponding to each case of disease.

From examination of asymptomatic plants (Figures 3A and 3B) that emerged from inoculated seeds, C. 
lindemuthianum was found to be associated with tissues of the root collar region of the plant and tissues of the top 
leaf node of some plants. This finding confirms the need for more careful examinations in these types of studies since 
asymptomatic infected tissues can ensure introduction of the fungus in the crop field or in distant fields, with disastrous 
consequences for the producers involved with this crop. 

A noteworthy study conducted by Noetzold et al. (2014) on spatial variability of Colletotrichum truncatum in 
soybean showed that this pathogen is able to infect the seeds coming from infected seeds, without symptoms appearing 
throughout the crop cycle. 

The highest pathogen transmission rate in asymptomatic plants (28%) was observed in the plants grown at 
20 °C and at the higher inoculum potentials. The lowest rate (zero) was observed in the P0 inoculum potential 
in plants grown at both temperatures used. When comparing only the occurrences in the plant root collar and 
top leaf node regions, the highest occurrences of the fungus were found in the fragments coming from the root 
collar region of plants that grew at the temperature of 26 °C, with a value of 97% at the P144 potential, and with 
a value of 74% at the P144 potential at 20 °C. It was also found that with the increase of the inoculum potentials, 
the occurrence of the fungus also increased in the fragments examined (C and LN) under the two temperature 
conditions, 20 and 26 °C. Siqueira et al. (2014; 2016) report that transmission rates of the fungi S. macrospora and 
S. maydis in asymptomatic plants of maize were higher in the plant root collar region than in the top leaf node 
region. In contrast, Zancan et al. (2015) did not observe the presence of S. sclerotiorum in tissues of asymptomatic 
sunflower plants grown from infected seeds.

Examination of emerged plants shows that the mean transmission rate from asymptomatic plants with C. 
lindemuthianum grown at 20 °C was in the order of 28% and at 26 °C, this value was 11%.

The highest percentage of total transmission of C. lindemuthianum (92%) in common bean seeds occurred at the 
highest inoculum potential, P144 at the temperature of 20 °C. At the temperature of 26 °C, the total transmission rate 
was 56% (Figure 4). Pathogens in other pathosystems, such as Sclerotinia sclerotiorum in common bean seeds and S. 
macrospora and S. maydis in maize seeds, led to total transmission rates at varying levels, depending on the growing 
temperature and inoculum potential (Siqueira et al., 2014; Siqueira et al., 2016; Zancan et al., 2015).

Given these results, it is clear that the transmission rate of pathogens through seeds of host species has variable 
patterns, which are affected by diverse factors. Among these factors, the initial inoculum potential in the seeds is 
crucial in this type of interaction.

Although the methods used in other studies to evaluate the transmission of pathogens through seeds were different, 
as the literature on this matter shows, the transmission rates found in other pathosystems follow a similar pattern, 
with specific variations for each case. As shown in this study, the temperature factor is also decisive for bringing about 
transmission of the pathogens in the various pathosystems.
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Figure 3. 	Transmission rate (A) and incidence of Colletotrichum lindemuthianum (B) (race 65), isolate LV238, in the region 
of the root collar (C) and top leaf node (LN) in asymptomatic plants of common bean (‘Pérola’) grown from 
inoculated seeds with different seed-fungus contact periods (0 h, 36 h, 72 h, 108 h, and 144 h), corresponding 
to the inoculum potentials P0, P36, P72, P108, and P144, and grown at two temperatures (20 and 26 °C).
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Figure 4.	 Total transmission rate of Colletotrichum lindemuthianum (race 65) from common bean seeds (‘Pérola’), 
inoculated with different seed-fungus contact times (0 h, 36 h, 72 h, 108 h, and 144 h), corresponding to the 
inoculum potentials P0, P36, P72, P108, and P144 to plants grown at two temperatures (20 and 26 °C), considering 
the evaluations of deaths in pre-emergence and transmissions rates in symptomatic and asymptomatic plants.

CONCLUSIONS

The transmission rate of C. lindemuthianum from infected common bean seeds is variable and directly proportional 
to the pathogen inoculum potentials in the seeds under favorable temperature condition for the disease development.

Higher percentages of total transmission rates of the fungus are observed at higher inoculum potentials and in 
growing seedlings at the temperature of 20 °C.

Under both growing conditions, 20 and 26 °C, C. lindemuthianum was detected in tissues from parts of asymptomatic 
plants, and the highest transmission rates were observed at the temperature of 20 °C.

The incidence of C. lindemuthianum in the infected seeds was more verified in the region of the root collar in 
asymptomatic plants at the temperature of 20 °C, and these values increased in proportion to the increase of the 
inoculum potentials.
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