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Abstract
Evaluations by artificial inoculation of different races of Colletotrichum lindemuthianum can be unfeasible in a breeding program
aiming at obtaining cultivars with durable resistance to anthracnose in common bean, since many physiological races have already
been found. An alternative would be the use of mixtures of different races. However, information is scarce about the efficiency of this
method to select resistant plants and to evaluate the virulence of the pathogen. Thus, the objective of this work was to demonstrate the
feasibility of using mixtures ofC. lindemuthianum races in breeding programs aiming at the development of common bean cultivars
with resistance to anthracnose. Two experiments were carried out, in which races 65, 73 and 81 of C. lindemuthianum were
inoculated individually and in a mixture of the three races (M1), and also mixtures of first (M2 and M3) and second (M4, M5,
M6 and M7) generations, for cultivars Pérola and BRSMG Majestoso. The use of mixtures of races of C. lindemuthianum was
efficient in evaluating anthracnose severity and could be recommended as an alternative method to save costs and time.
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Common bean (Phaseolus vulgaris L.) is one of the main com-
ponents of the Brazilian population diet. Its grains are excellent
sources of protein, calories and minerals. Occurrence of dis-
eases can cause significant damage to the crop, with reduction
in grain yield and quality. Anthracnose, caused by the fungus
Colletotrichum lindemuthianum (Sacc. & Magnus), can cause
losses of up to 100% (Paula-Júnior et al. 2015).

Anthracnose management using resistant cultivars is a
strategy that minimizes production costs and reduces damage
to the environment. However, the large pathogenic variability
of C. lindemuthianum limits disease control and development
of new cultivars with durable resistance (Pinto et al. 2012).
More than 100 races of C. lindemuthianum have been found
in the world, and races 65, 73, 81 and 89 are the most fre-
quent in Brazil (Silva et al. 2007; Pereira et al. 2010; Pinto
et al. 2012). In addition, pathogenic variability has been

detected within races 65 and 81 in Brazil (Ishikawa et al.
2011, 2013; Costa et al. 2017).

Common bean resistance to anthracnose is predominantly ver-
tical, and a gene-a-gene model has been verified in the
C. lindemuthianum-P. vulgaris pathosystem. Twenty resistant
genes to anthracnose have been reported in common bean
(Ferreira et al. 2013; Zuiderveen et al. 2016). In addition, 12
independent genes have been identified that confer resistance to
six different isolates belonging to race 65 of C. lindemuthianum
(Costa et al. 2017). Despite the existence of vertical resistance,
several genes already identified display a polygenic inheritance of
this trait (Costa et al. 2017). Therefore, cultivars with durable
resistance should present resistance to the most frequent
C. lindemuthianum races in different common bean crop regions.

The reaction of common bean lines and progenies to
C. lindemuthianum has been assessed using artificial inocula-
tion of isolates of the most frequent races (Barcelos et al.
2013; Costa et al. 2017). However, when many races are used,
a large amount of seeds is necessary, hindering the evaluation
of progenies in a breeding program. A strategy could be to use
mixtures of different isolates or races. However, literature in-
formation about the efficiency of this method for evaluation of
anthracnose resistance in common bean is scarce (Chilipa
et al. 2016), and there is no information about pathogen viru-
lence when mixtures of isolates are used.
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In the present study, anthracnose severity on common bean
was evaluated after inoculation of C. lindemuthianum races
65, 73 and 81 individually and also using mixtures of isolates.
Implications for common bean breeding to obtain cultivars
with resistance to anthracnose are discussed.

Three isolates of C. lindemuthianum were used, which were
previously identified as race 65 (differential cultivars Michelite
and Mexico 222 are susceptible), race 73 (differential cultivars
Michelite, Cornell 49.242 and Mexico 222 are susceptible) and
race 81 (differential cultivars Michelite, Widusa and Mexico
222 are susceptible). In addition, inoculum obtained from the
mixture of the three races (M1) and from mixtures (M2, M3,
M4, M5, M6 and M7) obtained after inoculation on cultivars
Pérola (susceptible to the three races) and BRSMG Majestoso
(resistant to the races 73 and 81) was used.

Each isolate was grown in sterile pods partially immersed
in agar-water medium in test tubes, and incubated for 15 days
at 22 °C in a BOD in the dark. A conidial suspension was
prepared as described by Pinto et al. (2012) and the concen-
tration was adjusted to 1.2 × 106 conidia/mL. A conidial sus-
pension of the mixture of the three races (M1) was obtained
by equally mixing the suspensions at the adjusted concentra-
tion of conidia of each race.

Inoculations of each isolate individually and of the mix-
tures were carried out as described by Pinto et al. (2012).
Inoculated common bean seedlings were incubated for 48 h
at 100% relative humidity with a photoperiod of 12 h and
temperature of approximately 20 °C. After incubation, seed-
lings were transferred to a greenhouse with a temperature of
approximately 24 °C and 95% relative humidity.

Two experiments were conducted in a completely random-
ized design with subdivided plots, with two replicates. A plot
consisted of 36 plants. A previous test was carried out by
inoculating each race individually and also M1 on plants of
the cultivars Pérola and BRSMG Majestoso, as described
above. Isolations of the pathogen from lesions on leaves and
stems were carried out in order to obtain mixtures of first
generation isolates. The isolate obtained from the cultivar
Pérola was denominated M2 and the one obtained from culti-
var BRSMG Majestoso was denominated M3.

Mixtures of second generation isolates were obtained by
isolation from lesions caused by M2 and M3 inoculated on
leaves and stems of cultivars Pérola and BRSMG Majestoso.
Thus, isolates obtained from the inoculation of M2 on Pérola
and BRSMGMajestoso were named M4 and M5, respective-
ly. Likewise, isolates obtained from the inoculation of M3 on
Pérola and BRSMG Majestoso were named M6 and M7,
respectively.

In the second experiment, inoculations of each isolate and
each mixture (M1, M2, M3, M4, M5, M6 and M7) were
carried out on plants of the cultivars Pérola and BRSMG

Majestoso. In all experiments anthracnose severity was eval-
uated at three to 10 days after inoculation (dai) using the scale
proposed by Schoonhoven and Pastor-Corrales (1987).

The area under the disease progress curve (AUDPC) was
estimated using severity mean scores of expression adopted
by Shaner and Finney (1977), according to the following
equation:

AUDPC ¼ ∑n
k¼1

Ykþ1 þ Ykð Þ
2

x Tkþ1−Tkð Þ
� �

where Yk e Yk + 1 are disease severity at evaluation times k and
k + 1, respectively, and Tk e Tk + 1 are the time of evaluation k
and k + 1, respectively, in number of dai.

AUDPC and anthracnose severity at 10 dai data were sub-
jected to analysis of variance (ANOVA), and means were
compared by the Scott-Knott test (p = 0.05) using software R
(R Core Team 2015).

All sources of variation were significant in both experi-
ments, except for the interaction isolate/mixture x cultivars
in experiment 1. Isolates/mixtures that caused susceptibility
reaction in ‘Pérola’ displayed scores above 3.0 from the fifth
and sixth days after inoculation in experiments 1 and 2, re-
spectively (Figs. 1 and 2). The cultivar BRSMG Majestoso
was resistant to all isolates/mixtures, except for race 65 and
mixture M1, in which cases it displayed scores above 3.0 from
the fifth day on (Fig. 1d-f).

Mean AUDPC was higher in experiment 1 than in
experiment 2 (Table 1). Anthracnose severity progress
was faster and more intense in experiment 1 for
isolates/mixtures of C. lindemuthianum that were evalu-
ated in both experiments. It is possible that environmen-
tal conditions were more favorable to the disease during
experiment 1. In spite of humidity and temperature con-
trol, outside temperatures above 30 °C can make it dif-
ficult to keep conditions between 15 and 25 °C (most
favorable to disease development) inside the greenhouse
(Paula-Júnior et al. 2015).

In experiment 1, AUDPC means for both cultivars were
grouped in two classes by the Scott-Knott test, and were higher
for the isolate of race 65 and mixture M1 in both cultivars
(Table 1). However, in experiment 2, the mixtures M3, M4
and M5 presented higher AUDPC estimates for Pérola. Race
81 presents an additional virulence factor compared to race 65.
However, isolates of these races presented the same virulence in
experiment 2. Race 65, the simplest race evaluated, and the M1
mixture were the most virulent in experiment 1. These results
corroborate with those from other authors, who have found that
series of international differential cultivars are not suitable to
discriminate the pathogenic variability of Brazilian isolates of
C. lindemuthianum (Ishikawa et al. 2011; Carbonell et al. 2012;
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Costa et al. 2017). Considering virulence factors, M1 has fac-
tors 20 and 26 in higher proportion since all races evaluated
present these factors. Therefore, virulence factors 23 and 24,

present in isolates of races 73 and 81, respectively, are in a
lower proportion in the mixture. This fact may justify the sim-
ilar behavior of M1 and of the isolate of race 65.
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Fig. 1 Anthracnose severity progress between 3 and 10 days after inoculation (dai) of Colletotrichum lindemuthianum on plants of cultivars Pérola and
BRS Majestoso, comparing individual inoculations of races with inoculations of mixtures of races (M1, M2 and M3)
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Fig. 2 Anthracnose severity progress between 3 and 10 days after inoculation (dai) of Colletotrichum lindemuthianum on plants of cultivars Pérola and
BRS Majestoso, comparing individual inoculations of races with inoculations of mixtures of races (M1, M2, M3, M4, M5, M6 and M7)
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The greater magnitude of AUDPC and also of anthracnose
severity estimates for Pérola using M1, M2, M3, M4 and M5
reveals an increase in race virulence for mixed isolates and
also for new generations of isolations, except for M6 and M7.
For M1 (mixture of the three races), although the concentra-
tion of each race was reduced by 1/3 (4 × 105 conidia/mL), the
virulence of the mixture was greater or similar to the other
isolates/mixtures. It has been shown that a concentration of
105 conidia/mL provides similar results to those obtained by
using the usual recommended concentration of 1.2 × 106 for
assessing anthracnose severity on common bean (Davide and
Souza 2009). The higher virulence of M1 may be due to a
synergistic effect among the three isolates, as already verified
in this pathosystem by Chilipa et al. (2016). Another probable
explanation would be the occurrence of heterosis, because
alleles of different races are contributing to the virulence in
the mixture.

The behavior of isolates andmixtures was similar at 3 and 4
dai. After that, differences in anthracnose severity were ob-
served (Fig. 1). This can be confirmed by the estimates of the
variation limits, which were of greater magnitude after 4 dai
(Table 2). However, mean scores higher than 4.0 were ob-
served at 6 and 10 dai in experiments 1 and in 2, respectively.

Isolates of races 65 and 81 and mixtures M1, M2 and M3
presented similar virulence for cultivar Pérola, as well as similar
anthracnose intensity in experiment 1 (Fig. 1a-c). Most mixtures
weremore virulent on cultivar Pérola in experiment 2 (Fig. 2a-c).
Mixtures were more virulent than isolates of races 65, 73 and 81
in both experiments on cultivar BRSMG Majestoso (Figs. 1d-f
and 2f). This cultivar was evaluated as resistant to all isolates and
mixtures, as scores were lower than 3.0 in experiment 2.

Disease severity scores at 10 dai were used to carry out
ANOVA in experiment 2. All sources of variation were

significant, including the interaction that was partitioned; there
were significant difference for isolates/mixtures for Pérola. The
means test grouped M1, M2, M3, M4 and M5 mixtures that
caused higher mean scores and therefore were more virulent
than individual isolates and mixtures M6 and M7 (Table 1).

The lower magnitude of AUDPC and of anthracnose se-
verity obtained upon inoculation of M6 and M7 (Table 1)
reveals that there was a reduction in virulence using new gen-
erations of M1 initially inoculated on BRSMG Majestoso.
This reduction may be related to the stabilizing selection ac-
tion that is effective against races with unnecessary virulence
alleles in a pathogen population (Vanderplank 1968), favoring
1 (20) and 64 (25) virulence factors, which were more frequent
in M1, in comparison to virulence factors 8 and 16 of races 73
and 81, respectively. Casela et al. (2001) observed differences
in competitive capacity of C. sublineolum races after five and
six inoculations of mixture generations in sorghum cultivars,
indicating a possible action of stabilizing selection against
races of distinct virulence in the pathogen population. Our
results were obtained with only two generations, but there
are no reports of occurrence of conidial anastomosis tubes
(CATs) recombinants for C. sublineolum, a mechanism that
may be rela ted to the asexual recombinat ion of
C. lindemuthianum (Ishikawa et al. 2012; Pinto et al.
2012; Mota et al. 2015).

The inoculation of mixtures resulted in similar or greater
virulence compared to the inoculation of individual isolates.
In addition, mixtures of isolates of C. lindemuthianum can be
more efficient in selecting common bean progenies with dif-
ferent levels of resistance, as they have a larger number of
virulence alleles. We recommend the use of mixtures of races
at each inoculation. On the other hand, we do not recommend
the use of mixtures obtained from new isolations done in

Table 1 Area under the disease
progress curve (AUDPC) for
common bean cultivars Pérola
and BRSMG Majestoso 10 days
after inoculation (dai) with
different isolates and mixtures of
Colletotrichum lindemuthianum

Race/Mixture* Experiment 1 Experiment 2

Pérola BRSMG Majestoso Pérola BRSMG Majestoso

65 32.0 A# 21.6 A 13.8 C 8.5 A
73 25.9 B 14.8 B 13.0 C 9.9 A
81 28.8 B 13.5 B 12.0 C 7.8 A
M1 31.1 A 22.5 A 18.2 B 11.0 A
M2 27.8 B 14.4 B 20.6 B 9.0 A
M3 26.7 B 10.4 B 22.4 A 8.1 A
M4 – – 22.8 A 11.6 A
M5 – – 24.5 A 10.2 A
M6 – – 11.7 C 8.7 A
M7 – – 12.1 C 8.9 A

*Mixtures: M1: mixture of races 65, 73 and 81; M2 and M3: isolates obtained from inoculation of M1 on Pérola
and BRSMG Majestoso, respectively; M4 and M5: isolates obtained from inoculation of M2 on Pérola and
BRSMG Majestoso, respectively; M6 and M7: isolates obtained from inoculation of M3 on Pérola and
BRSMG Majestoso, respectively
#Means followed by same letter in the same column belong to same group according to the Scott-Knott test at 5%
probability level
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plants inoculated with mixtures, due the action of stabilizing
selection on the pathogen population.
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