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Abstract

Anthracnose is the primary disease in Phaseolus lunatus cultures, causing severe losses. Inoculation
techniques are vital for assessing genotype resistance and control methods at the early stages of seedling
development. This study aimed to compare inoculation methods and exposure times of a lima bean seed
variety to Colletotrichum truncatum using a completely randomized 4x5 factorial design with five
replications. Seed inoculation methods by direct contact with mycelium, mannitol water restrictor, and
sucrose water restrictor and immersion in conidia suspension were compared and submitted to substrates
containing the developed pathogen or not at exposure times of 0, 36, 60, 84, and 108 hours. Evaluations
were made by analyzing the severity, incidence, and disease index for anthracnose and seedling
physiological quality under greenhouse conditions. The inoculation method by direct contact with sucrose
solute for 36 hours was the most suitable for C. truncatum inoculation in lima bean seeds, providing a
higher transmission rate but slightly affecting their physiological parameters. C. truncatum damage to lima
bean seed performance increased with longer exposure times, regardless of the inoculation method.
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1. Introduction

The Colletotrichum truncatum (Schwein) Andrus & Moore fungus is the causal agent of anthracnose
and among the most significant diseases of lima beans (Phaseolus lunatus L.). It is found in production
fields, potentially decreasing yield (Gomes and Nascimento 2018). This fungus can survive in crop residues,
but its subsistence and dissemination occur mainly through infected seeds, which may be an inoculum
source for primary infections under field conditions (Yang and Hartman 2016).

Currently, two species of Colletotrichum spp. reportedly infect lima beans: C. truncatum and C.
sichuanensis, commonly found in production fields in Brazil, especially in the northeast region (Cavalcante
et al. 2019).

Lima bean anthracnose symptoms show depressed necrotic lesion spots on leaves, petioles, and
pods. The lesions eventually become reddish, and fungus acervuli are formed on them with a whitish color
and numerous pathogen setae (Carvalho et al. 2015).

One of the main transmission methods of this pathogen is through infected seeds, which may carry
pathogen inoculum associated with their surface, inside, or mixed with them and start new epidemics in
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crop fields. The inoculum source might be present in different forms, such as resistance structures or other
specific formations of fungi, bacteria, nematodes, and viruses (Santos et al. 2011).

Seed immersion in conidia suspension is a simple and effective inoculation method (Ahn et al.
2023). Osmotic conditioning (water restriction), also known as physiological conditioning, is another
technique used in seed technology to potentiate the germination process of some species and in seed
inoculation tests with fungi and bacteria (Pedroso et al. 2010; Menezes et al. 2011). However, these
techniques may not provide conditions for the pathogen to infect the seeds, which requires adjustments
such as the time of contact between them and the pathogen (Rodrigues et al. 2016). Therefore,
methodologies that allow pathogen transmission and infection via seeds to artificially inoculated seedlings
must be standardized.

Maintaining the sanitary quality of seeds is one of the most critical aspects for higher yield due to
the numerous potentially associated pathogens. Seeds of good physiological quality allow for a rapid and
uniform primary root emission in the germination process, high growth rate, seedlings with larger initial
size, and high yield (Munizzi et al. 2010; Piveta et al. 2010).

This study aimed to compare different inoculation methods and exposure times of lima bean seeds
to C. truncatum.

2. Material and Methods

The tests were conducted between May and December 2018 in a greenhouse environment at the
Phytopathology Laboratory of the Federal University of Paraiba, Center of Agrarian Sciences, in Areia, PB,
Brazil.

The study used lima bean seeds (accession number UFPB04) with a determinate growth habit
(Gomes and Nascimento 2018). The seeds were obtained from a field in Remigio, PB, Brazil. Before the
test, they were submitted to a germination trial for viability analysis (Brasil 2009), obtaining a mean of 82%
of germinated seeds.

Seed samples were disinfested in a 70% alcohol solution for 30 seconds, 1% sodium hypochlorite
for one minute, triple-washed in sterile distilled water (SDW) and dried at room temperature (25+2°C).

The C. truncatum isolate was obtained through direct isolation by collecting the mycelium structure
and spores on the seed surface. The fragments were plated on a potato dextrose agar (PDA) medium and
incubated in BOD (Biochemical Oxygen Demand) at 28+1°C for seven days. After the incubation period,
microscopic structures were visualized, from which slides were made with the fungal propagules and
observed under an optical microscope to confirm pathogen isolation.

Essay by direct contact with mycelium

The study used a complete randomized experimental design in a 4x5 factorial scheme (inoculation
methods x exposure times) with five replications.

In the direct contact exposure, 5-mm-diameter discs of the pathogen colony were transferred to
Petri dishes (9 cm) containing PDA medium. These dishes were incubated at 28+1°C for a 12-hour
photoperiod for 14 days. Thirty previously disinfested seeds were placed on each plate, distributed in rows.
These plates were sealed and manually shaken for 30 seconds to mix the seeds with the pathogen
infection structures. Then, the inoculated seeds remained incubated in a BOD chamber for 0, 36, 60, 84,
and 108 hours.

Essay by direct contact with the mannitol water restrictor

Seed inoculation in direct contact with the mannitol water restrictor used a PDA growth medium
modified with mannitol (C¢H1406) at the osmotic potential of -1.0 MPa. A dose of 46.3 g of the solute was
added to 1000 mL* of the medium to reach the desired potential (-1.0 MPa) (Aradjo et al., 2016). Thirty
seeds were distributed in 9-cm Petri dishes containing the 14-day fungal colony, incubated at 28+1°C for a
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12-hour photoperiod in a BOD chamber. The Petri dishes containing seeds were manually shaken for 30
seconds and incubated for 0, 36, 60, 84, and 108 hours as described.

Essay by direct contact with the sucrose water restrictor

Seed inoculation by direct contact with the sucrose water restrictor was similar to the mannitol
method, using a modified PDA medium (water restriction) with a sucrose solute (C12H22011) at the osmotic
potential of -1,0 MPa. Then, 16.86 g of the solute was added to 1000 mL™* of the medium (Rey et al., 2008)
with the 14-day fungal colony under the same conditions described. Thirty seeds were placed on the fungal
colony, manually shaken, and incubated in a BOD chamber at 28+1°C for 0, 36, 60, 84, and 108 hours.

Essay by immersion in conidia suspension

Previously disinfested seeds were immersed in the C. truncatum conidia suspension for five minutes
and incubated at 0, 36, 60, 84, and 108 hours. After inoculation, the seeds were placed on Petri dishes
containing a double layer of filter paper. As for the conidia suspension, C. truncatum colonies were grown
in PDA medium for 14 days at 28+1°C for a 12-hour photoperiod in a BOD chamber. After incubation, 10
mL of SDW was added to the fungal colony and scraped with a sterilized brush to release the conidia.
Subsequently, 25 mL of the suspension was adjusted to 1x10* conidia mL™ aided by a Neubauer chamber,
followed by the immersion of 30 seeds, which remained immersed in the suspension for five minutes.
Then, they were placed on Petri dishes (9 cm) containing a double layer of filter paper, sealed, and
incubated in the BOD chamber.

Disinfested and non-inoculated seeds were used in all inoculation methods tested in the control
period (0-hour). All fungal colonies used in the inoculation methods were incubated at 28+1°C for a 12-
hour photoperiod for 14 days. The seeds were removed from the Petri dishes after inoculation and sown 1-
cm-deep in 1.5L pots containing peat substrate, vermiculite, and rice straw (2:1:1). The 60% water capacity
of the substrate was calculated for the first irrigation before sowing following irrigation shifts at every 72
hours. Five replications (five pots) with five seeds each were distributed in the greenhouse, and the
evaluations started three to 15 days after sowing (DAS).

Anthracnose severity in stems

Anthracnose severity in stems from inoculated lima bean seeds was evaluated three, six, nine, 12,
and 15 DAS. A scale by Raoof and Rao (1996) with scores from one to three for infected seedlings was
used, where 1 = the absence of symptoms; 2 = chlorosis or necrosis symptoms with and without growth
impairment; 3 = dead seedlings.

Anthracnose severity in seedlings

The same described period was used to assess anthracnose severity in seedlings, with a scale
adapted from Souza et al. (2014). The scores ranged from zero to six for infected seedlings, where 0 = no
symptoms; 1 = collar lesion of up to 1 cm (superficial); 2 = collar lesion larger than 1 cm (depressed); 3 =
scores, necrotic spots, petiole lesions; 4 = holes in the leaves; 5 = death of the apical meristem; 6 = seedling
in partial and/or total collapse (death).

The area under the disease progress curve, disease index, and transmission rate

Anthracnose severity in seedlings was evaluated three, six, nine, 12, and 15 DAS using a scale
adapted from Souza et al. (2014). Severity values were used to calculate the area under the disease
progress curve, according to Campbell and Madden (1990). The disease index was evaluated at the end of
the experiment (15 DAS) with the scale adapted from Souza et al. (2014). The data were adjusted using the
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formula by Erkilic et al. (2006). The transmission rate (TR) was determined according to the equation by
Teixeira and Machado (2003) at the end of the evaluation period (15 DAS).

Disease symptoms on leaves and stems and damping-off

Disease incidence was determined at the end of the experiment by visually observing the
symptoms on leaves and stems and seedling damping-off. The results were expressed in percentages of
diseased plants.

Seedling height

Seedling height was based on their length at the end of the test by measuring normal seedlings,
which did not experience damage to the root and hypocotyl. A graded ruler was used, and the results were
expressed in cm-seedlings™.

Shoot, root, and total dry mass

Shoot, root, and total dry mass weights were obtained by cutting the seedlings at the base of their
collar, aided by a scalpel, and taking them to a forced air circulation oven at 70+2°C for 48 hours. The
samples cooled off in a desiccator, their mass was determined on a precision scale (0.001 g), and the
results were expressed in g seedling™.

Percentage of hard and dead seeds

The percentage of hard and dead seeds was also recorded in the final evaluation. Hard seeds did
not emerge and resisted pressure with tweezers, and disintegrated ones were considered dead (Brazil,
2009). The results were expressed as percentages.

Statistical analysis

The data were submitted to the analysis of variance (ANOVA) and, according to the F test
significance, the means of the inoculation methods at each exposure time and the exposure times for each
inoculation method were compared with Tukey and F tests (p<0.05), respectively.

Polynomial regression analysis was applied to investigate the effect of evaluation days, considering
models up to the 2"! degree and R? > 60%. The R® statistical software (Core Team 2018) was used.

3. Results
Colletotrichum truncatum transmission

The independent variables, inoculation methods, and hours after infection in the days after sowing
(DAS) showed a significant interaction (p<0.01) for the scores attributed to the severity in stems and
seedlings (Table 1), confirming the transmission of C. truncatum via lima bean seeds to seedlings.

Typical chlorosis and necrosis symptoms appeared six DAS in all treatments and the control (0-
hour), evaluated through the severity in stems (Table 1). The first anthracnose symptoms on leaves
emerged after the 3™ DAS, ranging from 1% to 50% of the infected leaf area. Only inoculation by contact
with the mannitol water restrictor for 84 hours did not statistically differ from the control and produced
asymptomatic seedlings (Table 1).

Seeds exposed to the pathogen in direct contact with mycelium for 36 hours showed the highest
mean severity in stems (Table 1). The symptoms varied with chlorotic or necrotic lesions until the
seedling's death.
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Anthracnose severity in seedlings from seeds inoculated by direct contact with the sucrose water
restrictor for 60 hours, followed by direct contact with mycelium and immersion in conidia suspension for
36 and 84 hours, respectively, showed the highest severity 15 DAS and were the most aggressive methods
(Table 1).

A significant interaction (p<0.01) occurred between inoculation methods and exposure times, and
the quadratic regression model was fitted according to the variables, the area under the disease progress
curve, disease index, and transmission rate (Figure 1).

Table 1. Anthracnose severity caused by Colletotrichum truncatum in lima bean (variety UFPB04; Phaseolus
lunatus) stems and seedlings three, six, nine, 12, and 15 days after sowing (DAS).

Stems Seedlings
M h 3 6 9 12 15 3 6 9 12 15
1 0 1bA 1cA 1cA 1 bA 1 bA 0cA OcA OcA 0cA 0cA
1 36 1.8aB 2.2 aAB 2.2 aAB 2.6aA 2.83aA 3.4aA 3.4aA 5aA 5aA 5aA
1 60 1.83A 2 abA 2.2aA 2.2 bA 2.4aA 2.6 abA 2.6 abA 2.6 bA 3.4 abA 3.4aA
1 84 1bA 1.2cA 1.2 bcA 1.2 bA 1.8bA 1.4abcA 1.4 abcA 1.4 bcA 1.4bcA 1.4 bcA
1 108 1bC 1.4 beBC 1.8 abB 2.8aA 2.8aA 1.2 bcB 1.2 bcB 3.4 abA 3.4 abA 3.8aA
2 0 1DbA 1bA 1DbA 1cA 1cA 0bA 0 bA 0 bA 0cA 0cA
2 36 2.2aA 2.2aA 2.2aA 2.2abA  2.2abA 3.8aA 3.83A 3.8Aa 4.2 aA 4.2 aA
2 60 2 aA 2aA 2 aA 2abA 2.2abA 1.2bA 1.2 bA 1.2 bA 2.2abA  2.6abA
2 84 1bB 1bB 1bB 1.8 bA 1.8 bA 0bB 0bB ObA 0.4bcA  0.4DbcA
2 108 1.8aB 1.8aB 2 aAB 2.6aA 2.6aA 1bB 3.8aA 3.8aA 3.8aA 3.8aA
3 0 1DbA 1bA 1DbA 1bA 1 bA 0 bA 0 bA 0cA 0cA 0cA
3 36 1bB 1bB 2 aA 2aA 2aA 0bB 2.2aA 2.2 bcA 2.2 bA 2.2 bA
3 60 1.6 abA 1.8aA 2 aA 2aA 2.6aA 3.2aB 3.2aB 5.4aA 5.4aA 5.8aA
3 84 1.8aB 1.8aB 2.6aA 2.6 aA 2.6aA 2.4 aA 2.4 aA 3.8 abA 3.8abA 3.8abA
3 108 1.6abA 1.8 aA 2.2aA 2.2aA 2.2aA 2.8 aA 2.8aA 3.0bA 3.4 abA 3.4 bA
4 0 1aA 1bA 1 bA 1cA 1cA 0bA OcA OcA OcA OcA
4 36 1aB 1.8 aA 2 aA 2abA 2abA 1.8abA 1.8abcA 3.4 abA 3.4abA 3.8abA
4 60 1aB 2aA 2 aA 2abA 2abA 2.2aA 2.2 abA 2.2 abA 2.2bA 2.2bA
4 84 1aB 2aA 2 aA 2.2aA 2.4aA 2.4aB 3.4 aAB 3.8 aAB 5.4aA 5.4aA
4 108 1.4 aA 1.4 abA 1.4abA 1.4bcA 1.4bcA 0.4 abC 0.6 bcC 1.4 bcAB 3.4 abA 3.4 abA
Ccv 26.4% 56.03%

*Means followed by different uppercase letters in the row and lowercase letters in the column statistically differ by Tukey's test (p<0.05). Mi=
inoculation method by direct contact with mycelium (1), direct contact with the mannitol water restrictor (2), direct contact with the sucrose
water restrictor (3), and immersion in conidia suspension (4); h= exposure time (hours).

The area under the disease progress curve showed a significant interaction (p<0.01) between
inoculation methods and exposure times, with the data adjusted to the quadratic regression model (Figure
1a), except for the treatment by direct contact with the mannitol water restrictor.

Direct contact in the sucrose water restrictor for 60 hours promoted a larger area under the disease
progress curve between treatments, which statistically differed (Figure 1a). Seeds in direct contact with the
mannitol water restrictor for 36 hours showed a larger area under the disease progress curve.

The disease index presented a significant effect (p<0.01) between exposure times and inoculation
methods (Figure 1b). The data of direct contact with the sucrose water restrictor and immersion in conidia
suspension were fitted to the quadratic regression model. The seeds exposed to the pathogen by direct
contact with mycelium and the mannitol water restrictor for 36 hours, followed by direct contact with the
sucrose water restrictor and immersion in conidia suspension for 84 hours, showed a higher disease index
than the other treatments (Figure 1b). The method with suspension for 108 hours had the lowest disease
index and did not statistically differ from the control (Figure 1b).

The transmission rate of C. truncatum through seeds demonstrated a significant effect (p<0.01) on
the interaction between exposure times and inoculation methods. The data of direct contact with the
mannitol water restrictor and immersion in conidia suspension were fitted to the quadratic regression
model (Figure 1c).

Inoculation by direct contact with the mannitol water restrictor for 36 and 60 hours promoted the
highest transmission percentages of 64% and 44%, respectively, statistically differing from the other
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treatments and the control (Figure 1c). Anthracnose transmission was verified in exposure times (36, 84,
and 108 hours) by direct contact with the sucrose water restrictor, except for the exposure time of 60
hours (Figure 1c). Seeds inoculated by direct contact with mycelium for 108 hours, the mannitol water
restrictor for 84 hours, and sucrose for 60 hours resulted in low transmission values of 0% and 4%,
respectively, not differing from the control (Figure 1c).

The disease incidence in the stems significantly affected (p<0.01) the interaction between exposure
times and inoculation methods, and the data of direct contact with the mannitol water restrictor and
immersion in conidia suspension were fitted to the quadratic regression model (Figure 2a).
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Figure 1. Area under the disease progress curve (AUDPC) (a), disease index (b), and transmission rate (c) in
lima beans, variety UFPBO4 (Phaseolus lunatus), inoculated with Colletotrichum truncatum by the direct
contact with mycelium (1), direct contact with the mannitol water restrictor (2), direct contact with the

sucrose water restrictor (3), and immersion in conidia suspension (4) for different exposure times 15 days

after sowing. * and ** significant at 5% and 1% by the F test, respectively.

The maximum incidence of diseased stems occurred in the treatment by direct contact with the
mannitol water restrictor for 60 hours, followed by immersion in conidia suspension for 36 hours (Figure
2a). However, such incidence decreased after 84 hours, regardless of the inoculation method, not
statistically differing from the control (0-hour).

The incidence of diseased leaves also presented a significant effect (p<0.01) among exposure
periods, and only the data of direct contact with the mannitol water restrictor was fitted to the quadratic
regression model (Figure 2b).

All inoculation methods with 36 hours of exposure favored the highest incidence rate in the leaves
and statistically differed from the control (p<0.01) (Figure 2b). Inoculation by immersion in conidia
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suspension and direct contact with the mannitol water restrictor for 36 hours provided the highest
percentages of infected leaves, reaching approximately 24% of incidence, statistically differing from the
other exposure times (Figure 2b). The seeds inoculated by the direct contact with mycelium, the mannitol
water restrictor, and sucrose for 108 hours promoted lower percentages of diseased leaves, similar to the
control (Figure 2b).

Seedling damping-off demonstrated a significant effect (p<0.01) between inoculation methods and
exposure times. The data of the direct contact with the mannitol hydrochloride restrictor were fitted to the
quadratic regression model (Figure 2c).
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Figure 2. Percentages of diseased stems (a), diseased leaves (b), and seedling damping-off (c) of lima
beans, variety UFPB0O4 (Phaseolus lunatus), inoculated with Colletotrichum truncatum by direct contact
with mycelium (1), direct contact with the mannitol water restrictor (2), direct contact with the sucrose
water restrictor (3), and immersion in conidia suspension (4) for different exposure times 15 days after

sowing. * and ** significant at 5% and 1% by the F test, respectively.

The direct contact with the mannitol water restrictor for 36 and 60 hours resulted in higher
percentages of seedling damping-off (p<0.01) than the other treatments and the control (Figure 2c).
However, lima bean seedling damping-off ceased only after 60 hours of exposure.

Physiological quality

Seedling height showed a significant effect (p<0.01) on the interaction between exposure times
and inoculation methods 15 DAS (Figure 3a). The treatments were fitted to the quadratic regression model
regardless of the exposure period. The methods of direct contact with mycelium and the mannitol water
restrictor were fitted to a linear model (Figure 3a).
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The treatments by direct contact with the mannitol water restrictor for 36 and 60 hours and the
sucrose water restrictor for 60 hours significantly differed from the control (Figure 3a). The treatment by
direct contact with the sucrose water restrictor for 36 hours promoted higher seedling height than the
others and did not differ from the control (Figure 3a). Inoculation by direct contact with mycelium
completely inhibited shoot development at all exposure times and statistically differed from the control
(Figure 3a).

The percentage of hard and dead seeds showed a significant interaction (p<0.01) between
inoculation methods and exposure times, and the data were fitted to the linear and quadratic regression
models in response to seed exposure times (Figures 3b and 3c).
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Figure 3. Seedling height (a), percentage of hard seeds (b) and dead seeds (c) of lima beans, variety
UFPBO4 (Phaseolus lunatus), inoculated with Colletotrichum truncatum by direct contact with mycelium
(1), direct contact with the mannitol water restrictor (2), direct contact with the sucrose water restrictor
(3), and immersion in conidia suspension (4) for different exposure times 15 days after sowing. * and **

significant at 5% and 1% by the F test, respectively.

The direct contact with mycelium for 36 hours provided a higher percentage of hard seeds (52%),
statistically differing from the other treatments and the control (Figure 3b). The treatments harmed
seedling emergence, with higher rates of hard seeds than the control, except for the direct contact with
the sucrose water restrictor for 36 hours, which showed a lower rate (4%) and did not differ from the
control (Figure 3b).

The inoculation methods harmed seedling emergence, regardless of the exposure time. The
percentage of dead seeds was higher than the control for the treatments, except for the direct contact
with the mannitol water restrictor for 36 hours, which promoted the lowest rate of dead seeds (8%). After
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60 hours of exposure, all inoculation methods showed higher rates of dead seeds, from 28.5% to 68%, and
statistically differed from the control (Figure 3c).

Shoot, root, and total dry mass in the final stand (Figure 4) showed a significant interaction (p<0.01)
with inoculation methods and exposure times, and the data were fitted to the linear regression and
guadratic models, according to the last dependent variable (Figure 4).

The treatments by direct contact with the mannitol water restrictor for 36 and 60 hours and
sucrose for 60 hours showed a slight reduction in shoot, root, and total dry mass, differing only from the
control (Figure 4). The treatment by direct contact with the sucrose water restrictor for 36 hours allowed a
significant increase of 15.2%, 43.9%, and 42.7% for shoot, root, and total dry mass of normal seedlings,
respectively (Figure 4).
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Figure 4. Shoot dry mass (SDM) (a), root dry mass (RDM) (b), and total dry mass (TDM) (c) of lima bean
seedlings, variety UFPB04 (Phaseolus lunatus), inoculated with Colletotrichum truncatum by direct contact
with mycelium (1), direct contact with the mannitol water restrictor (2), direct contact with the sucrose
water restrictor (3), and immersion in conidia suspension (4) for different exposure times 15 days after the
sowing. * and ** significant at 5% and 1% by the F test, respectively.

Similar to the evaluation of normal seedling height, it was impossible to quantify shoot, root, and
total dry mass in the treatment by direct contact with mycelium, regardless of exposure times, which
showed a total inhibition of shoots and roots. That statistically differed (p<0.01) from the control, in which
the average shoot dry mass was 0.78 g, and root and total dry mass were 1.85 g and 2.63 g, respectively
(Figure 4).
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The inoculation methods used in this study were based on the literature on the Phaseolus genus,
which showed distinct changes in the quality aspect of P. lunatus seeds depending on the exposure time in
each inoculation method (Figures 3 and 4).

4, Discussion

Mota et al. (2019) evaluated the transmission of C. truncatum in lima bean seeds with symptoms in
cotyledons, stems, and leaves, finding a maximum of 96.8%, 60%, and 94.2%, respectively, seven days after
sowing (DAS). The symptoms became more severe 14 and 21 DAS from seeds inoculated by different
osmotic potentials with mannitol. However, the present study verified the anticipation of disease
symptoms in stems and seedlings (Table 1), with disease severity increasing over time.

Yesuf and Sangchote (2005) studied the growth stages of two bean varieties under different seed
infection levels at three locations. They obtained similar results for the area under the disease progress
curve to those in lima beans infected with C. truncatum.

Basso et al. (2015) evaluated the area under the disease progress curve in soybean (Glycine max (L.)
Merrill) leaves, finding similar results when submitting seeds to the same inoculation methods, even
though without significant differences, regardless of the time of exposure to C. truncatum. The authors
assumed it was due to the low anthracnose severity related to the reduced concentration of the initial
inoculum from certified seeds, and the inoculum was present in low concentrations or absent.

Anthracnose severity increased in all inoculation methods, as confirmed by the disease index (Fig.
1b), increasing even more as the time of exposure to the pathogen extended. These results corroborate
Barrocas et al. (2014), who showed an increase in the disease index of cotton seedlings (Gossypium
hirsutum L.) inoculated with Colletotrichum gossypii var. cephalosporioides proportional to the higher
initial water stress, resulting in a maximum of 40%, slightly lower than the present study.

Mota et al. (2019) observed 59% to 70% of anthracnose incidence on lima bean stems and leaves in
seeds inoculated by direct contact with mycelium and the mannitol water restrictor 14 DAS.

Migliorini et al. (2017) found 33% and 60% of disease symptoms in bean hypocotyl from seeds
inoculated with C. lindemuthianum by immersion in conidia suspension and direct contact with mycelium.
Necrotic lesions appeared along the veins in the lower part of leaves, and incidence varied from 88% to
89% among inoculation methods, differing only from the control with 11% incidence on leaves. For these
authors, C. lindemuthianum presented a natural incidence of 0.5% before disinfestation, efficiently
transmitted to common bean seeds even in low percentages, which was not observed for C. truncatum in
lima bean seeds (Fig. 1f).

Seedling damping-off of seeds previously inoculated by immersion in conidia suspension at
different exposure times was similar to Begum et al. (2010), who verified a mean of 10% of seedling
damping-off in soybean post-emergence from seeds inoculated with C. truncatum.

Mota et al. (2019) evaluated C. truncatum transmission in lima bean seeds, obtaining the maximum
infection and transmission rates of 9% and 83.1%, respectively, on seeds inoculated by direct contact with
mycelium after 48 hours of exposure. Pereira et al. (2014) showed inoculation efficiency from the mannitol
water restrictor with C. truncatum in soybean seeds, reaching nearly 40% of transmission.

We may infer that C. truncatum transmission to lima bean seeds was efficient and may cause a
higher or lower transmission rate depending on the inoculation method and exposure time.

Flavio et al. (2014) mention that seeds are efficient means of survival and dissemination of
phytopathogens to new areas, promoting yield loss and a significant increase in production costs.

Inoculations by direct contact with mannitol and sucrose water restrictors and conidia suspension
immersion efficiently transmitted C. truncatum to lima bean seeds. C. truncatum inoculated in a medium
containing the sucrose water restrictor for 36 hours and mannitol for 60 hours allowed higher transmission
rates, not compromising the seedling's final stand.

Rey et al. (2009) showed that C. lindemuthianum also harmed seedling growth of inoculated
common bean seeds, with values between 5.65 and 6.87 cm, while the control showed values superior to
10.3 cm, suggesting a harmful effect of the pathogen on seedling development.
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Similarly, Teixeira and Machado (2003) observed a decrease of about 40.7% in seedling height with
Acremonium strictum inoculation by the direct contact with the mannitol water restrictor for 120 hours of
exposure of maize seeds (Zea mays L.).

Coelho et al. (2010) verified similar results regarding the reduction in shoot and total dry mass (Fig.
4) when evaluating water stress with a mannitol solution under lower osmotic potential (-1.61 MPa) in
common bean seeds and differential protein expression during germination. The authors found the
opposite effect of this solution under the same potential for root mass, which is related to mitoses in the
root cells and could be stimulated by calcium, considering that other solutions presented similar results.

For Galli et al. (2007), C. truncatum inoculation in soybean seeds by direct contact with mycelium
for 40 hours caused seed death, reducing the number of soybean seedlings in the final stand. For these
authors, the longer exposure time of seeds to the pathogen increased the level of inoculum in the seeds,
drastically compromising embryo development.

According to Machado et al. (2012), the ideal inoculation method must ensure seed infection and
preserve their germination power satisfactorily for later use.

Inoculation methods by direct contact with mannitol and sucrose water restrictors for 36 hours
were the most suitable for C. truncatum in lima bean seeds because they provided a higher transmission
rate and slightly affected the seeds’ physiological parameters.

5. Conclusions

The damage from C. truncatum to seedling performance increased with longer exposure times,
regardless of the inoculation method.

Authors' Contributions: GOMES, R.S.S.: conception and design, acquisition of data, analysis and interpretation of data, drafting the article, and
critical review of important intellectual content; SILVA, H.F.: conception and design, acquisition of data, analysis and interpretation of data,
drafting the article, and critical review of important intellectual content; MEDEIROS, J.G.F.: conception and design, acquisition of data, analysis
and interpretation of data, drafting the article, and critical review of important intellectual content; PEREIRA, W.E.: conception and design,
acquisition of data, analysis and interpretation of data, drafting the article, and critical review of important intellectual content; NASCIMENTO,
L.C.: conception and design, acquisition of data, analysis and interpretation of data, drafting the article, and critical review of important
intellectual content. All authors have read and approved the final version of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

Ethics Approval: Not applicable.

Acknowledgments: The authors would like to thank the Coordination for the Improvement of Higher Education Personnel - Brazil (CAPES) for
funding this study.

References

AHN, E., et al. Inoculation and Screening Methods for Major Sorghum Diseases Caused by Fungal Pathogens: Claviceps africana, Colletotrichum

sublineola, Sporisorium reilianum, Peronosclerospora sorghi and Macrophomina phaseolina. Plants. 2023, 12(9), 1906.
https://doi.org/10.3390/plants12091906

ARAUJO, D.V., et al. Transmission and effects of Fusarium oxysporum f. sp. vasinfectum on cotton seeds. African Journal of Agricultural. 2016,
11(20), 1815-1823. https://doi.org/10.5897/AJAR2015.10706

BARROCAS, E.M., et al. Desempenho de sementes de algoddo submetidas a deficiéncia hidrica e presenga de Colletotrichum gossypii var.
cephalosporioides. Bioscience Journal. 2014, 30(2), 421-428.

BASSO, P., BONALDO, S.M. and RUFFATO, S. Avaliagao de fungicidas no controle de antracnose e mancha alvo, e no rendimento da cultura da
soja. Scientia Agraria Paranaensis. 2015, 14(3), 191-199. https://doi.org/10.18188/sap.v14i3.10275

BEGUM, M.M., et al. Field performance of bio-primed seeds to suppress Colletotrichum truncatum causing damping-off and seedling stand of
soybean. Biological Control. 2010, 53(1), 18-23. https://doi.org/10.1016/j.biocontrol.2009.12.001

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento. Manual de anadlise sanitdria de sementes/ Ministério da Agricultura, Pecuaria e
Abastecimento, Secretaria de Defesa Agropecuadria, Brasilia: MAPA/ACS, 2009.

CAMPBELL, C.L. and MADDEN, L.V. Introduction to plant disease epidemiology. New York, United States of America: John Wiley & Sons, 1990.
Available from: https://www.cabdirect.org/cabdirect/abstract/19912305030

Bioscience Journal | 2023 | vol. 39, e39099 | https://doi.org/10.14393/BJ-v39n0a2023-66734



https://doi.org/10.3390/plants12091906
https://doi.org/10.5897/AJAR2015.10706
https://doi.org/10.18188/sap.v14i3.10275
https://doi.org/10.1016/j.biocontrol.2009.12.001
https://www.cabdirect.org/cabdirect/abstract/19912305030

Colletotrichum truncatum transmission via lima bean seeds

CARVALHO, E.M.S., BESERRA JUNIOR, J.E.A. and BARGUIL, B.M., 2015. Lima bean diseases. In: FERREIRA, A.S.A., LOPES, A.C.A. and GOMES,
R.L.F. eds. Phaseolus lunatus: Diversity, Growth and Production. USA: Nova Science Publishers. pp. 113-133.

CAVALCANTE, G.R,, et al. Diversity, Prevalence, and Virulence of Colletotrichum Species Associated with Lima Bean in Brazil. Plant Disease.
2019, 102(3), 680-680. https://doi.org/10.1094/PDIS-11-18-2002-RE

COELHO, D.L.M., et al. Estresse hidrico com diferentes osméticos em sementes de feijdo e expressdo diferencial de proteinas durante a
germinagdo. Acta Scientiarum. Agronomy. 2010, 32(3), 491-499. https://doi.org/10.4025/actasciagron.v32i3.4694

CORE TEAM R, A language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical Computing, 2018. Available
from: https://www.R-project.Org

COSTA, M.L.N., et al. Inoculagdo de Fusarium oxysporum f. sp. phaseoli em sementes de feijoeiro através de restrigdo hidrica. Ciéncia e
Agrotecnologia. 2003, 27(5), 1023-1030. https://doi.org/10.1590/51413-70542003000500008

CUSTODIO, C.C., SALOMAO, G.R. and MACHADO NETO, N.B. Estresse hidrico na germinac3o e vigor de sementes de feijio submetidas a
diferentes solugbes osmoticas. Revista Ciéncia Agronémica. 2009, 40(4), 617-623.

ERKILIC, A., GUVEN, B. and AKGUL, D.S. Effects of some plant activators and plant materials on stem rot disease of peanut and pepper caused
by Sclerotium rolfsii. Journal of Turkish Phytopathology. 2006, 35(1-3), 15-28.

GALLI, J.A., PANIZZI, C. and VIEIRA, R.D. Resisténcia de variedades de soja a morte de plantulas causada por Colletotrichum truncatum.
Arquivos do Instituto Bioldgico. 2007, 74(2), 163-165. https://doi.org/10.1590/1808-1657v74p1632007

GOMES, R.S.S. and NASCIMENTO, L.C. Induction of resistance to Colletotrichum truncatum in lima bean. Arquivos do Instituto Bioldgico. 2018,
85, 1-7, e0022018. https://doi.org/10.1590/1808-1657000022018

MACHADO, J.C., et al. Uso da técnica de restrigdo hidrica ou “condicionamento osmaético” em patologia de sementes. Revisdo Anual de
Patologia de Plantas. 2012, 20, 37-63.

MACHADOQ, J.C., et al. Inoculagdo artificial de sementes de soja por fungos, utilizando solugdo de manitol. Revista Brasileira de Sementes. 2001,
23(2), 95-101.

MACHADO, J.C., et al. Uso da restri¢do hidrica na inoculagdo de fungos em sementes de algodoeiro (Gossypium hirsutum). Revista Brasileira de
sementes. 2004, 26(1), 62-67. https://doi.org/10.1590/50101-31222004000100010

MENEZES, V.0., et al. Deteccdo e influéncia de Fusarium spp. na qualidade fisiolégica de sementes de pepino. Ciéncia Rural. 2011, 41(2), 193-
199. https://doi.org/10.1590/50103-84782011005000006

MIGLIORINI, P., et al. Métodos de inoculagdo de Colletotrichum lindemuthianum em sementes de feijdo e danos em plantulas. Biotemas. 2017,
30(1), 37-43.

MOTA, J.M.D., et al. Transmission of Colletotrichum truncatum and Macrophomina phaseolina by lima bean seeds. Summa Phytopathologica.
2019, 45(1), 33-37. https://doi.org/10.1590/0100-5405/180868

PEDROSO, D.C,, et al. Métodos de inoculagao de Alternaria alternata e A. dauci em sementes de salsa e sua influéncia na qualidade fisioldgica.
Revista Brasileira de Sementes. 2010, 32(3), 79-85. https://doi.org/10.1590/50101-31222010000300009

PEREIRA, V.G.C., et al. Exigéncias agroclimaticas para a cultura do feijdo (Phaseolus vulgaris L.). Revista Brasileira de Energias Renovdveis. 2014,
3(1), 32-42.

PIVETA, G., et al. Superacdo de dorméncia na qualidade de sementes e mudas: influéncia na produc¢do de Senna multijuga (L. C. Rich.) Irwin &
Barneby. Acta Amazénica. 2010, 40(2), 281-288. https://doi.org/10.1590/S0044-59672010000200006

RAOOF, MA. and RAO, T.G.N. A simple screening technique for early detection of resistance to castor wilt. Indian Phytopath. 1996, 49(4), 389-
392.

REY, M.S., et al. Inoculagdo de sementes de feijao comum (Phaseolus vulgaris) com Colletotrichum lindemuthianum usando diferentes niveis
de restri¢cdo hidrica. Revista Brasileira Agrociéncia. 2008, 14(4), 112-116.

REY, M.S., et al. Transmissdo semente-plantula de Colletotrichum lindemuthinum em feijdo (Phaseolus vulgaris). Arquivos do Instituto
Bioldgico. 2009, 76(3), 465-470. https://doi.org/10.1590/1808-1657v76p4652009

RODRIGUES, G.F., et al. Inoculagdo artificial de Fusarium oxysporum em sementes de Phaseolus vulgaris. Scientia Plena. 2016, 12(7), 1-6.
https://doi.org/10.14808/sci.plena.2016.070202

SANTOS, A.F., PARISI, J.J.D. e MENTEM, J.0.M. Patologia de sementes florestais. Colombo: Embrapa Florestas, 2011.

TEIXEIRA, H. e MACHADO, J.C. Transmissibilidade e efeito de Acremonium strictum em sementes de milho. Ciéncia e Agrotecnologia. 2003,
27(5), 1045-1052. https://doi.org/10.1590/51413-70542003000500011

Bioscience Journal | 2023 | vol. 39, €39099 | https://doi.org/10.14393/BJ-v39n0a2023-66734



https://doi.org/10.1094/PDIS-11-18-2002-RE
https://doi.org/10.4025/actasciagron.v32i3.4694
https://www.r-project.org/
https://doi.org/10.1590/S1413-70542003000500008
https://doi.org/10.1590/1808-1657v74p1632007
https://doi.org/10.1590/1808-1657000022018
https://doi.org/10.1590/S0101-31222004000100010
https://doi.org/10.1590/S0103-84782011005000006
https://doi.org/10.1590/0100-5405/180868
https://doi.org/10.1590/S0101-31222010000300009
https://doi.org/10.1590/S0044-59672010000200006
https://doi.org/10.1590/1808-1657v76p4652009
https://doi.org/10.14808/sci.plena.2016.070202
https://doi.org/10.1590/S1413-70542003000500011

GOMIES, R.S.S., et al.

YANG, H.C. and HARTMAN, G.L. Anthracnose. In: HARTMAN, G.L., RUPE, J. and SIKORA, E.J. (Eds.) Compendium of Soybean Diseases and Pests.
USA: American Phytopathological Society, 2016, pp. 31-34.

YESUF, M. and SANGCHOTE, S. Seed Transmission and epidemics of Colletotrichum lindemuthianum in the major common bean growing areas

of Ethiopia. Kasetsart Journal. 2005, 39, 34-45.

Received: 18 August 2022 | Accepted: 10 July 2023 | Published: 09 October 2023

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
T distribution, and reproduction in any medium, provided the original work is properly cited.

urnal | 2023 | vol. 39, e39099 | https://doi.org/10.14393/BJ-v39n0a2023-66734




