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Abstract 
Bean anthracnose, caused by the fungus Colletotrichum lindemuthianum, is a major seed borne disease of beans, 
interfering with the progress of the disease timeline. Work involving the study of cultural remains are scarce. The 
effects of different incidences of that pathogen in seeds in combination with cultivating areas with and without 
contaminated crop remains were evaluated on the anthracnose incidence and severity and on yield. In the trial set 
up in December 2009 the cultivation of bean in area with contaminated crop remains had greater progress for both 
incidence and severity of the disease compared with the area without crop remains. There was interaction between 
infection levels in seeds with or without contaminated crop remains in both growing areas. In the trial set up in 
April 2010 progress of anthracnose was similar in both growing areas. Grain yield was higher in the area without 
crop remains in both trials. The results of this work showed that the behavior of anthracnose under field conditions 
differ among areas studied (with and without crop residues) and also due to the environmental conditions of a 
planting to another. 
Keywords: Colletotrichum lindemuthianum, epidemiology, incidence, severity, infection levels of seed 
1. Introduction 
Common bean Phaseolus vulgaris L. is the most important species of food grain for fresh consumption in the 
Fabaceae family (Voysest, 2000), grown worldwide as staple food for many people (Singh, 1992). Diseases, 
drought and low fertility soil are limiting factors in crop yield potential in tropical and subtropical regions 
(Zaumeyer & Thomas, 1957; Graham, 1978; Schwartz & Galvez, 1980). 
Most diseases are caused by fungi and they are largely spread by seeds (Richardson, 1979). Associated with 
seeds, fungi are the most frequent pathogens (Machado, 1994), especially species from genus Colletotrichum 
(anamorphic Glomerella) (Kirk et al., 2001), which are economically important organisms. In practice all 
agricultural crops grown around the world are susceptible to one or more species of Colletotrichum (Bailey & 
Jeger, 1992). Typical symptoms of the diseases caused by those pathogens are depressed lesions where pink 
spore masses grow under favorable environmental conditions (Kimati et al., 1997). Colletotrichum 
lindemuthianum (Sacc. & Mag), the etiological agent of bean anthracnose, can cause losses of up to 100% in the 
crop when contaminated seeds are planted under favorable conditions for disease progression during the crop 
cycle (CIAT, 1983). 
As necrotrophic fungus C. lindemuthianum can survive from one season to another or from one crop to another 
as dormant mycelium inside the seed coat, and also has the ability to survive in crop remains depending on the 
weather conditions (Fernandez et al., 1987) and crop remains can either form or increase the primary inoculum. 
Seed pathogens have been developing according to different types of host-fungus interaction, which range from 
surface coat combinations to infection of embryo tissues. Seed infection caused by C. lindemuthianum in beans 
infects the embryo and thus those fungi can stay in seeds while they remain viable, which can ensure long 
survival of the pathogen (Elmer, 2001). 
In general, disease begins in the crop due to the initial inoculum from crop remains or contaminated seeds 
(Machado, 1994), which can introduce the pathogen in disease-free areas and can also increase the inoculum in 
contaminated areas by consecutively use of the seeds carrying the pathogen (Baker & Smith, 1966). From the 
same genus, C.graminicola is an important fungus to sorghum, as it survives in crop remains of the host plant 
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during off season and in sorghum seeds as conidia and mycelium, which are both important means of spreading 
fungi as inoculum sources (Warren, 1986).  
The anthracnose pathogen in bean seeds was first reported by Barrus in 1921 and later, a three-year crop rotation 
was suggested to control the fungus (Zaumeyer & Thomas, 1957). Another seed-borne pathogen, Stenocarpella 
maydis is to survive saprophytically in corn crop remains by producing pycnidia and releasing conidia, and it is 
the major source of primary inoculum (Flett et al., 1992).  
Seeds contaminated by C. lindemuthianum are responsible for long distance spread, whereas short distance 
spread occurs by splashing water from rain or irrigation. Spread of inoculum can also occur by insects, animals 
and man who is also an efficient means of transport of seeds and crop remains among crops, especially when 
operating farm equipments (Zaumeyer & Thomas, 1957).  
Bean anthracnose control is difficult because the pathogen is efficiently transmitted through seeds and able to 
survive for several months in soil and contaminated crop remains (Dillard & Cobb, 1993). Based on that the 
association of infected seeds with different inoculum levels of C. lindemuthianum and contaminated crop 
remains has not been investigated so far. Thus, the proposal of this work was to evaluate the progress of bean 
anthracnose from seeds with different levels inoculum in areas with and without crop remains. 
2. Materials and Methods 
2.1 Experimental Area and Testing Procedure 
Before installing the trials, soil samples were taken for physical and chemical analysis. Based on the results of 
those analyses lime requirements and optimum doses of nitrogen, phosphorus and potassium were defined. 
Fertilization was performed in the furrow by applying 400 kg·ha-1 of formulation 8-28-16 and coverage with 150 
kg.ha-1 ammonium sulfate 25 days after sowing. 
Two trials were installed at the farm Fazenda Palmital, Ijaci, state of Minas Gerais, latitude 21°09'43, 56'' South 
and longitude 44°54'56, 79" West in two growing seasons, December 2009 and April 2010. Sprinkler irrigation 
was performed only in the second trial (40 mm per week divided into twice). Clorpirifós (480 g·L-1) insecticide 
was used for pest control and weeding was removed by hand operation. Both trials were conducted in 
randomized complete block with four replications in factorial scheme (2x6). Factor 1 was represented by two 
distinct growing areas: one had a susceptible cultivar of bean crop already planted, with a final incidence of 92% 
anthracnose, 40 days fallow, and crop remains; the other had no crop remains and no bean plants (corn-growing 
area). Both areas were plowed before trial installment. Factor 2 was the six inoculum levels: Control 
(uninoculated seeds), 0.25%, 0.5%, 1%, 2% and 4% of seeds inoculated with C. lindemuthianum. The disease 
was distributed evenly in the growing area with crop remains,once the crop remains were incorporated into the 
area. 
2.2 Seed Origin and Inoculation Procedure 
Seeds used in this work belonged to Perola cultivar and they were free of infection by C. lindemuthianum 
according to the seed health test roll paper method described by Machado (1994). 
Seeds were inoculated with C. lindemuthianum race 65 by the water restriction technique (Carvalho et al., 2001; 
Costa et al., 2003; Machado et al., 2001). Pure fungal cultures were subcultured in Petri dishes containing PDA + 
mannitol with water potential adjusted to -1.0 MPa according to MPPS Software (Michel & Radcliffe, 1995) to 
inhibit seed germination. Cultures were incubated at 20°C, 12 hour photoperiod for five days, after which the 
seeds were placed in contact with the fungus and incubated for four days. 
2.3 Assessment of Disease  
Ten plants were randomly selected between stages V3 and V4 in each plot for anthracnose evaluation. Eight 
evaluations started 19 days after sowing at intervals of seven days until pod filling at day 68 (R8 stage). 
Vegetative stage was assessed basing on CIAT scale (CIAT, 1983). 
Incidence and severity of anthracnose in each evaluation were performed by counting the number of plants 
showing symptoms. Severity or percentage of infected leaf area was determined in all leaves through 
diagrammatic scale developed for bean anthracnose (Godoy et al., 1996). 
2.4 Disease Progress Curves 
Disease progress curves (AUDPC) for incidence (AUDPCI) and severity (AUDPCS) of anthracnose were 
established in the evaluation period of the experiment according Shanner & Finey (1977). 
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2.5 Temporal Dynamics of Disease 
The area under disease curve progression (AUDPC) for severity (AUDPCS) and incidence (AUDPCI) was 
calculated according to Shanner & Finey (1977) to compare treatments, and then proceeding to analysis of 
variance. 
2.6 Evaluation of Grain Production 
Harvest of grains in the first trial of December 2009 was done in March 2010 and grain harvest in the second 
trial of April 2010 was done in August 2010. In both trials the harvest was done by hand in each treatment plot. 
Seeds were removed from pods and weighed. Results were expressed in grams per plot. 
2.7 Climate Data 
Climate data were provided by the meteorological station of the Department of Engineering, Federal University 
of Lavras. Correlation between incidence of anthracnose and the variables maximum, mean and minimum 
temperatures, relative humidity, and precipitation was achieved with the average of data from fifteen days before 
assessing incidence in each trial. 
2.8 Statistical Analysis 
To perform statistical analysis of 2 x 6 factorial (two distinct planting areas and six inoculum levels) of the 
correlation analysis the SAS software (version 9.3) was used. Data were transformed to the square root of X + 1 
to meet the assumptions in the analysis of variance, and were performed analysis of variance of area under 
disease progress curve (AUDPC). When factors showed significance in the qualitative factor (areas with or 
without crop remains) the F-test of analysis of variance was used to differentiate the treatments. In the case of 
quantitative factor (inoculum levels) fitted linear regression models were fitted. When calculated, maximum and 
minimum were obtained from the first order derivative of the fitted regression equation. 
 

 

 
Figure 1. Progress curves of anthracnose incidence in the December 2009 trial in the area with (a) and without 

contaminated crop remains (b) for different seed inoculum levels 
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3. Results 
3.1 Progress Curves of Anthracnose 
In the December 2009 trial the incidence (Figure 1) and severity (Figure 2) of anthracnose were observed 40 
days after sowing (DAS) in both growing areas. From that date the disease epidemy entered its exponential 
phase. The area with contaminated crop remains (Figures 1a and 2a) showed greater progression for both 
incidence and disease severity in relation to the area without crop remains (Figures 1b and 2b). To level 0% of 
infection (uninoculated seeds) the disease was observed only in the area with crop remains. In the area without 
crop remains the maximum incidence was 32.50 and maximum severity 6.3%, while in the area with 
contaminated crop remains the values were 52.50 and 8.6% respectively. 

 

 
Figure 2. Progress curves of anthracnose severity in the December 2009 trial in the area with (a) and without 

contaminated crop remains (b) for different seed inoculum levels 
 
In the April 2010 trial both incidence (Figure 3) and severity (Figure 4) of disease were observed 40 days after 
sowing in both growing areas, when the exponential phase of the disease progression started. Progress of incidence 
and severity was similar in both growing areas (with and without crop remains). To level 0% of infection 
(uninoculated seeds) the disease was observed only in the area with crop remains. In the area without crop remains 
the maximum incidence of anthracnose was 80% and maximum severity 12%, while in the area with crop remains 
the values were 82.50% and 13% respectively. 
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Figure 3. Progress curves of anthracnose incidence in the April 2010 trial in the area with (a) and without 

contaminated crop remains (b) for different seed inoculum levels 

 

 

 
Figure 4. Progress curves of anthracnose severity in the April 2010 trial in the area with (a) and without 

contaminated crop remains (b) for different seed inoculum levels 
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3.2 Disease Incidence and Environmental Variables 
During the crop cycle in the December 2009 trial the average temperature was 23.7°C, higher than the optimum 
for bean anthracnose development. According to Schwartz et al. (2005), plant infection is favored by 
temperatures 13-26°C, the optimum being 17°C. Although the trial was set up in a rainy season the relative 
humidity average was 72%, which is lower than the disease requirements, i.e. humidity above 92% (Schwartz et 
al., 2005). Thus, these factors contributed to low disease incidence in the experiment. 
In the April 2010 trial the mean temperature was 17.4 °C thus favorable to disease during crop cycle. Associated 
with sprinkler irrigation, temperature increased disease incidence. 
3.3 AUDPC for Incidence (AUDPCI) and Severity (AUDPCS) 
There was significant interaction between inoculum levels and growing area for AUDPCI in the December 2009 
trial. The areas with and without crop remains showed the highest incidence at levels 1.27% and 1.11% inoculum, 
respectively (Figure 5). The highest AUDPCI was achieved in the area with crop remains. 
 

 

 
Figure 5. Area under disease progress curve for anthracnose incidence (AUDPCI) in the December 2009 trial. 

Increasing inoculum levels in relation to growing areas with (a) and without contaminated crop remains (b) 
 
There was also a significant interaction between inoculum levels and growing area for AUDPCS in the 
December 2009 trial. In the areas with and without crop remains, severity was higher at levels 1.62% and 1.00% 
inoculum, respectively (Figure 6). The highest severity level was also found in the area with crop remains.  
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Figure 6. Area under disease progress curve for anthracnose severity (AUDPCS) in the December 2009 

trial.Increasing inoculum levels in relation to growing areas with (a) and without contaminated crop remains (b) 
 
The April 2010 trial also showed significant interaction between inoculum levels and growing area for AUDPCI 
(Figure 7), however, there was no significant difference between growing areas. In the areas with and without 
crop remains the highest incidence occurred at levels 1.16% and 1.19% inoculum, respectively. 

 
Figure 7. Area under disease progress curve for anthracnose incidence (AUDPCI) in the April 2010 

trial.Increasing inoculum levels in relation to growing areas with (a) and without contaminated crop remains (b) 
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As regards to severity, there was a significant difference between the various inoculum levels and growing areas, 
however, the interaction was not significant. The highest severity was at level 1.19% inoculum (Figure 8). There 
were significant differences between areas, however, and the highest severity level was found in the area with 
crop remains. 

 

Figure 8. Area under disease progress curve for anthracnose severity (AUDPCS) in inoculum levels in April trial 
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According to the statistical analysis of production, growing area was significant in the December 2009 trial. 
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4. Discussion 
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ranging from six months to about two years (Fernandez et al., 1987). Hence, higher intensity of anthracnose in 
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residues and AACPDS, this difference was 42%, which confirms the hypothesis that crop remains influence the 
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in the field and amount of inoculum on seed surface. If the environment is favorable to the epidemic, disease 
progression can be faster. Further, the higher the pathogen incidence in seeds, the higher the percentage of 
outbreaks in the growing area (Maffia et al., 1988). 
The April 2010 trial showed similar progress of incidence and severity in both growing areas (with and without 
crop remains). Temperature was favorable to the pathogen during crop cycle, and disease progression was higher 
compared with the previous crop. The AACPDI in the area with debris was 12% higher than the area without 
crop residues and the AACPDS was 9% higher than the area without crop residues. Additionally, sprinkler 
irrigation at constant intervals may have contributed to further progression of disease because spore germination 
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and spread also increased (Bailey et al., 1992), as the pathogen requires relative humidity above 92% (Schwartz 
et al., 2005). With regard to spatial expansion of C. lindemuthianum from an inoculum source, Pinto et al. (2001) 
from Lavras, state of Minas Gerais, found significant difference in AUDPC between two planting seasons. 
Studies by Garcia et al. (2007) also showed differences in incidence and severity of disease depending on the 
season. These results can be attributed to favorable climatic conditions for supporting the pathogen. 
Observed that increasing levels of seed inoculated with C. lindemuthianum provided the highest rates for disease 
progression, which were similar to results obtained by Talamini (2003). However, the author evaluated different 
planting periods and did not include the study of crop remains in the experiment. 
AUDPCI values differed in relation to inoculum levels in both growing areas. The highest incidence rates were 
found in plots planted with infected seed, even at low values such as 0.25%. Talamini (2003) detected differences 
between inoculum levels for disease incidence (AUDPCI). Levels 0%, 0.5% and 1.0% infected seeds differed 
and had lower AUDPCI values at levels 2.0% and 4.0%. These results show that disease incidence tends to 
increase with large amounts of initial inoculum. In another experiment conducted in the region Zona da Mata, 
Minas Gerais, Brazil, Pereira et al. (2002) found higher incidence of anthracnose in seeds with inoculum level 
3.8% when compared with the control, which was free from infected seeds. 
In the state of Rio Grande do Sul, Krieger et al. (2005) did not observe occurrence of anthracnose in a December 
planting. This outcome is possibly associated with reduction and/or elimination of the primary inoculum source 
(Madden et al., 2008) consisting of seeds and contaminated crop remains, as the experiment used certified seeds 
with low incidence of C. lindemuthianum treated with specific fungicides and sown in rotation area without bean 
straw. According to Machado et al. (2002), seeds infected or contaminated with pathogens are responsible for the 
perpetuation, introduction and spread of many diseases of the world’s major crops. 
In this experiment found a significant influence of crop remains in relation to the area without crop remains and 
the amount of inoculum in seeds, which affected grain production in both crops. Thus, in the growing area where 
disease intensity was higher (area with contaminated crop remains) grain yield was lower. Also found that bean 
crop remains interfere with both incidence and severity of anthracnose, and the higher the level of inoculum in 
seeds under favorable environmental conditions, the higher the disease progression and thus the lower the yield. 
Similar results were obtained by Garcia et al. (2007) in the same region with significant negative correlation of 
anthracnose severity with grain yield. High severity levels in most bean growing seasons were deemed a risk 
factor affecting crop yield. Pompeu et al. (1992) also highlighted the importance of anthracnose, as it constantly 
occurs in various planting seasons and thus reduces crop yield. In contrast, Nunes and Bergamin Filho (1996) 
found no correlation between disease severity and yield in bean cultivars Carioca and Rosinha in the seasons 
under study, probably due to varied characteristics of the experimental areas. Neither did Talamini (2003) find 
any significant correlation between AUDPCI and AUDPCS with bean yield in two planting seasons in Lavras, 
state of Minas Gerais, with bean cultivar Carioca. A possible reason could be evaluation of disease based only on 
remaining leaves, as anthracnose causes defoliation and the amount of disease could have been underestimated 
in that case. 
There is certainly a need for further studies on pathogens that survive in contaminated crop remains, due to their 
potential ability to cause epidemics in growing areas and consequently production losses.  
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