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ABSTRACT

RESUMO

Seleção de plantas de feijoeiro resistentes à antracnose, utilizando folhas destacadas,
em ambiente parcialmente controlado

O objetivo deste trabalho foi verificar a possibilidade de se efetuar seleção de plantas de feijoeiro resistentes à
antracnose, utilizando-se folhas primárias destacadas em ambiente parcialmente controlado, em casa de vegetação, e
detectar possíveis diferenças na reação de genótipos de feijoeiro à antracnose. Para isso, as linhagens de feijoeiro
Ouro Negro, Ouro Vermelho, Manteigão Fosco 11, Rudá, Rudá-R, VP8, BRSMG Madrepérola, Pérola, Meia Noite e
BRSMG Talismã foram caracterizadas quanto à reação às raças 65, 81 e 453 de Colletotrichum lindemuthianum,
comparando-se essa metodologia com a tradicionalmente utilizada, com inoculação de plantas no estádio fenológico
V2. Posteriormente, as linhagens Rudá-R, Rudá e Pérola foram inoculadas com as raças 65 e 453 de C. lindemuthianum,
com o objetivo de avaliar o índice de coincidência da severidade da antracnose pelas duas metodologias de inoculação.
Em geral, as duas metodologias proporcionaram resultados semelhantes quanto à reação apresentada pelos cultivares.
A utilização de folhas primárias destacadas de feijoeiro em ambiente parcialmente controlado mostrou-se viável para a
seleção, quanto à resistência à antracnose, com as vantagens da menor infraestrutura necessária e da redução de
recursos, espaço e tempo.

Palavras-chave: Colletotrichum lindemuthianum, metodologias de inoculação, resistência genética.
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Selection of anthracnose resistant common beans using detached leaves
in partially controlled environment 1

The objectives of this study were to evaluate the possibility of selecting anthracnose resistant common bean
plants using detached primary leaves in partially controlled environment of a greenhouse and identify differences in
the reaction of genotypes to anthracnose. The common bean cultivars Ouro Negro, OuroVermelho, ManteigãoFosco
11, Rudá, Rudá-R, VP8, BRSMG Madrepérola, Pérola, MeiaNoite and BRSMG Talismãwere characterizedfor resistance
to the races 65, 81 and 453 of Colletotrichum lindemuthianum and the method of detached primary leaves was
compared to the method with the traditional inoculation of plants at the phenological stage V2. The lines Rudá, Rudá-
R and Pérola were inoculated with the races 65 and 453 of C. lindemuthianum, aiming to assess the rate of coincidence
of anthracnose severity by both inoculation methods. In general, the two methods presented similar results for the
reaction of the cultivars. The use of detached primary leaves of common bean plants in the partially controlled
environment was feasible for selection of plants resistant to anthracnose and has the advantages of low-needed
infrastructure and reduction of resources, space and time.
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INTRODUCTION

Anthracnose of common bean (Phaseolus vulgaris L.),
caused by Colletotrichum lindemuthianum (Sacc. &
Magn.) Scrib, is a cosmopolitan disease that can cause up
to 100% losses when susceptible cultivars are grown,
environmental conditions are favorable and the disease
stablishment occurs in the vegetative slage of plants (Pas-
tor-Corrales & Tu, 1989; Bianchini et al., 1997). The disease
is favored by temperatures from 13 to 27 °C and humidity
above 90%; but it is necessary that the conditions last for
at least six hours (Bianchini et al., 1997; Paula Junior et al.,
2006). When conidia germinate, germ tubes elongate and
form appressoria that mechanically penetrate the cuticle
and epidermis of the host plant (Pastor-Corrales & Tu,
1989). Symptoms of anthracnose can be observed all over
the shoots. However, the typical symptoms of this disease
are necrotic lesions of dark brown color on the veins of
the underside of leaves and on stems (Bianchini et al.,
1997). The use of resistant cultivars is one of the most
viable alternatives for the control of anthracnose. However,
they are not easy to obtain because of the large pathogen
variability and the difficulty of working with different
resistance genes at the same time using the traditional
methods. Thus, the development and evaluation of new
methodologies that will facilitate the selection of resistant
plants, saving time and resources, are of great importance.

Some studies have demonstrated the feasibility of
using detached leaves of common bean in approaches
for improvement of disease resistance, especially rust
(Rios et al., 2001; Souza et al., 2009). Studies using
inoculation of detached leaves have also been performed
for bean anthracnose (Tu, 1986; Bigirmana & Höfte, 2001).
However, these studies were performed in highly
controlled environmental conditions and made no
comparisons between the severities observed in
detached leaves with those observed in the donor plants.
Thus, possible interactions between the methodology
of inoculation and genotype reaction were not detected.
The objective of this work was to verify the possibility
of selecting bean plants resistant to anthracnose, using
primary leaves detached in partially controlled
environment (greenhouse) and detect possible
differences in the reaction of bean genotypes to
anthracnose due to the methodology used.

MATERIALS AND METHODS

First, an experiment was conducted with different lines
of common bean to compare the methodologies of seedling
inoculation (phenological stage V2) and detached leaves
(inoculation of excised primary leaves) in relation to
anthracnose severity. The bean lines Ouro Negro, Ouro
Vermelho, Manteigão Fosco 11, Rudá, Rudá-R, VP8,

BRSMG Madrepérola, Pérola, Meia Noite and BRSMG
Talismã were characterized for resistance to races 65, 81
and 453 of C. lindemuthianum. These races are among
the most frequently found in Brazil and Minas Gerais and/
or are capable of infecting widely grown cultivars in the
country (Paula Junior & Zambolim, 2006; Silva et al., 2007).
The experiment was arranged in a randomized complete
block design, with each plot represented by eight plants
and three replications.

Seeds from each line were pre-germinated on Germitest
paper in a growth chamber at 25 °C and 100% relative
humidity for 24 h. After this time, the seedlings were
transplanted into styrofoam trays with 128 cells each
containing 30 mL of substrate (Tropstrato HT©, Vida Ver-
de, Mogi Mirim, SP, Brazil) and kept in the greenhouse
until inoculation. The evaporative cooling system of the
greenhouse was set to keep the temperature at 24 ± 4 °C.
Plants were watered once a day, with sufficient water to
provide substrate saturation.

Inoculations were performed seven days after
transplanting. Just before inoculation, one primary leaf
of each donor plant was excised and its petiole inserted
in trays of 128 cells, each containing 30 mL of substrate.
Similar to the donor plants, the experiment was arranged
in a randomized block design with three replications, each
plot represented by eight primary leaves. The evaporative
cooling system of the greenhouse was kept unchanged
after the inoculations and relative humidity of > 95% was
obtained by automatic micro-sprinkler irrigation set at 1
min/hour. These conditions were maintained until the
evaluations.

For inoculum production, isolates of the races 65, 81
and 453 of C. lindemuthianum were transferred into tubes
containing sterilized bean pods partially submerged on
potato dextrose agar (PDA) (Pio-Ribeiro & Chaves, 1975).
After the inoculation, the tubes were kept at 24 ± 1° C in
the dark for ten days. After this period, the pods were
scraped using distilled water and the conidial suspension
was adjusted to a concentration of 1.2 x 106 conidia mL-1.
The conidial suspension was sprayed onto the adaxial
side of the primary leaves, both on detached primary leaves
and donor plants, using a manual sprayer (Pereira et al.,
2013).

Ten days after inoculation, the anthracnose severity
in donor plants and primary detached leaves of each
race was assessed according to the modified nine-degree
scale proposed by Pastor-Corrales (1992) (Figure 1).
Scores from 1 to 3 were considered as resistance reaction
(R) and equal or greater than 4 were considered
susceptibility reaction (S).

The second experiment was conducted to evaluate
the coincidence index of anthracnose severity obtained
with both inoculation methods, the detached primary
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leaves and bean plants at the V2 stage. In this experiment,
the races 65 and 453 of C. lindemuthianum were
inoculated onto donor plants and detached leaves of the
genotypes Rudá-R, Rudá and Pérola. These genotypes
were selected because of their reactions to races 65 and
453. The line Rudá -R is resistant to both races, while
Rudá and Pérola are susceptible to both races (Melo et
al., 2008). In this experiment, the detached primary leaves
and their donor plants were identified, in order to compare
their reaction one by one. The methods of inoculum
preparation, inoculation and evaluation as well as the
conditions under which the plants were kept were the
same as previously described.

After the evaluations, the coincidence index between
the response of the detached primary leaves and their
respective donor plants was calculated. For the index
calculation, the reactions of resistance and susceptibility
were attributed to the donor plants and detached primary
leaves based on the severity scores. Then, the percentage
of donor plants that had the same reaction of the detached
primary leaves was calculated.

RESULTS AND DISCUSSION

Regardless of the inoculation method, a significant
effect (P <0.01) was found for the source of variation Lines
(L) for the races 65, 81 and 453 of C. lindemuthianum, i.e.,
the lines behaved differently across the three races. The
source of variation Lines x Inoculation Methods (L x IM)
was significant at 1% probability for the races 65 and 453
of C. lindemuthianum, indicating that one or more lines
showed different anthracnose severity, depending on the
inoculation method (Table 1).

The results obtained with plants and detached
primary leaves were, in general, similar. However, different
results were found for Ouro Negro, when it was inoculated
with the race 65 of C. lindemuthianum (Table 2). This
result can be explained by the low intensity of
anthracnose symptoms in the leaves of this line and that,
in the plants inoculated in the traditional manner, the
symptoms occurred mainly in the stems. The occurrence

of anthracnose symptoms on stems of bean plants is
relatively common in highly susceptible genotypes,
which is the case of Ouro Negro to certain isolates of
race 65 of C. lindemuthianum. For all other genotype-
race combinations tested, the two methods gave similar
results for the resistance/susceptibility reaction. Other
authors also reported the possibility of selection of bean
plants resistant to C. lindemuthianum using detached
leaves. Tu (1986) and Bigirmana & Höfte (2001) concluded
that the use of detached primary leaves and detached
trifoliate leaves proved to be an effective technique of
selection. However, because these studies made no
comparison between the results obtained by inoculation
of detached leaves with those obtained in the donor
plants, it was not possible to confirm the consistency of
the methodology used.

For the race 453 of C. lindemuthianum, the cultivars
Ouro Vermelho and Rudá showed, in some cases, higher
mean anthracnose severity scores when inoculations were
made on detached leaves, however, there were no
differences in the classification of the cultivars as
susceptible or resistant (Table 2). Differences between
the two inoculation methods for susceptibility of bean
genotypes to leaf pathogens were also observed by other
authors: Souza et al. (2009) tested the resistance of
common bean to Uromyces appendiculatus on detached
leaves and found that rust symptoms were earlier and
more aggressive in detached leaves than in inoculated
plants. In this case, because U. appendiculatus is an
obligate pathogen, possible differences between the
methods of inoculation may be due to physiological
factors involved in host-pathogen interaction.

In the second experiment, a coincidence index of 87.3%
between the reactions of resistance and susceptibility of
the two methods of inoculation was observed for the race
65 of C. lindemulthianum. The coincidence index for race
453 was 74.7%. However, considering that during the
selection for resistance to anthracnose usually only
resistant plants are chosen, that is, plants with severity
scores above 3 are discarded, the coincidence index

Figure 1. Diagrammatic scale of anthracnose severity in detached primary leaves of common bean based on the score scale modified
from Pastor-Corrales (1992).
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between the two methodologies would rise to 96 and 86.7%
for the races 65 and 453, respectively. This result confirms
the efficiency of detached primary leaves in the selection
of plants for anthracnose resistance. A similar result was
reported by Souza et al. (2009), who compared the
inoculation of U. appendiculatus on plants and detached
leaves in a F2 population of common bean: the coincidence
index was 97.6% for resistant plants and 92.9% for
susceptible plants. Bigirmana & Höfte (2001) inoculated C.
lindemuthianum onto detached trifoliate leaves of common
bean and reported selection accuracy of 100% when the
inoculation was performed on a susceptible cultivar.

Tu (1986) and Souza et al. (2009) pointed out several
advantages of using the methodology of detached leaves,
including: the same plant can be characterized according
to the reaction to different races of a particular pathogen
or even to the reaction to different pathogens; the results
are obtained and the plants are kept alive and can even
produce seeds, which can be of interest in different types
of study; plants with more than one gene for resistance to
a particular pathogen can be identified. Furthermore, this
technique prevents a possible interaction among races of
the same pathogen or different pathogens and can reduce
costs and working time.

Generally, studies involving inoculation of detached
leaves have been conducted using climatized rooms or
BOD chambers, as well as Petri dishes and, in some
cases, the leaves have been grown on agar, sucrose
solutions or other nutrient solutions, making the whole
process difficult and very costly. In this work, we
demonstrated the possibility of selecting resistant
plants without losing efficiency in the greenhouse,
since a partial control of humidity and temperature are
provided. Thus, the number of genotypes that can be
assessed considerably increases and the cost drops
drastically.

CONCLUSIONS

In common bean breeding programs, the use of
detached primary leaves was shown feasible to select
for resistance to anthracnose. This technique can be
used in partially controlled environment such as in a
greenhouse. The use of detached primary leaves can be
unreliable in very specific race-genotype combinations
and that involve genotypes that have a predominance
of symptoms on stems and stalks and highly aggressive
races of C. lindemuthianum.

Table 2. Mean anthracnose severity scores of common bean lines after inoculation with races 65, 81 and 453 of Colletotrichum
lindemuthianum, using the methodologies of plant inoculation (PI) and detached primary leaves (DPL)

Race 65 Race 81 Race 453

PI1 DPL2 PI DPL PI DPL

Ouro Negro 8.27(S) 1.96(R) 1.00(R) 1.00(R) 1.00(R) 1.00(R)
Ouro Vermelho 1.00(R) 1.00(R) 1.00(R) 1.21(R) 4.77(S) 7.24(S)
Manteigão Fosco 11 1.00(R) 1.00(R) 8.68(S) 8.24(S) 1.00(R) 1.00(R)
Rudá 9.00(S) 8.92(S) 9.00(S) 8.92(S) 7.00(S) 8.30(S)
Rudá-R 1.00(R) 1.00(R) 1.00(R) 1.00(R) 1.00(R) 1.00(R)
VP8 8.89(S) 8.44(S) 8.90(S) 8.53(S) 8.93(S) 8.40(S)
BRSMG Madrepérola 1.00(R) 1.00(R) 1.00(R) 1.00(R) 1.00(R) 1.00(R)
Pérola 6.91(S) 7.11(S) 9.00(S) 8.93(S) 7.61(S) 6.83(S)
Meia Noite 1.00(R) 1.00(R) 1.00(R) 1.00(R) 6.63(S) 8.11(S)
BRSMG Talismã 1.00(R) 1.00(R) 1.00(R) 1.00(R) 5.46(S) 6.05(S)

Data refer to the mean anthracnose severity based on the 1 to 9-degree scale proposed by Pastor-Corrales (1992). Genotypes with means
above 3.0 were considered susceptible.

R: resistant; S: susceptible.

Lines

Table 1. Summary of analysis of variance of the severity of anthracnose symptoms in common bean lines using two methods of
inoculation

MS

Race 65 Race 81 Race 453

Lines (L) 9 72.3586** 96.3980** 61.3817**

Methods of inoculation (MI) 1   6.3700**   0.0866ns  3.0600**

L x MI 9   5.9787**   0.0560ns  1.5244**

Error 40 0.0839 0.0496      0.2921

CV (%)                                                                                              8.09                               5.40                         13.29

VS DF
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