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ABSTRACT

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 anthracnd@$e common bean cultivars Ouro Negro, OwoWelho, ManteigdoFosco
11, Ruda, Ruda-R/P8, BRSMG Madrepérola, Pérola, MeiaNoite and BRSM{Bmawere characterizedfor resistance
to the races 65, 81 and 453 @blletotrichum lindemuthianurand the method of detached primary leaves was
compared to the method with the traditional inoculation of plants at the phenological stage V2. The lines Ruda, Ruda-
R and Pérola were inoculated with the races 65 and 453iofdemuthianumaiming 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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RESUMO

Selecéo de plantas de feijoeiro resistentes a antracnose, utilizando folhas destacadas,
em ambiente parcialmente controlado

O objetivo deste trabalho foi verificar a possibilidade de se efetuar selecdo de plantas de feijoeiro resistentes a
antracnose, utilizando-se folhas priméarias destacadas em ambiente parcialmente controlado, em casa de vegetacao, e
detectar possiveis diferencas na reacdo de gendtipos de feijoeiro & antracnose. Para isso, as linhagens de feijoeiro
Ouro Negro, Our&ermelho, Manteigdo Foscd JRudé, Ruda-R/P8, BRSMG Madrepérola, Pérola, Meia Noite e
BRSMG Talismé foram caracterizadas quanto a reacdo as racas 65, 81 e@d&gterichum lindemuthianum
comparando-se essa metodologia com a tradicionalmente utilizada, com inoculagéo de plantas no estadio fenolégico
V2. Posteriormente, as linhagens Ruda-R, Rud4 e Pérola foram inoculadas com as racas &5. drddehdathianum
com o objetivo de avaliar o indice de coincidéncia da severidade da antracnose pelas duas metodologias de inoculacao.
Em geral, as duas metodologias proporcionaram resultados semelhantes quanto a reacao apresentada pelos cultivares.
A utilizacéo de folhas primérias destacadas de feijoeiro em ambiente parcialmente controlado mostrou-se viavel para a
selecdo, quanto a resisténcia a antracnose, com as vantagens da menor infraestrutura necessaria e da redugéo de
recursos, espago e tempo.
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INTRODUCTION BRSMG Madrepérola, Pérola, Meia Noite and BRSMG
Anth f b | loarik Talisma were characterized for resistance to races 65, 81
nthracnose of common bedfraseolus vulgaris.), and 453 ofC. lindemuthianumThese races are among

caused by.COI.Ietotrlchum I!ndemuthlanur(lSacc_ & the most frequently found in Brazil and Minas Gerais and/
Magn.) Scrib, is a cosmopolitan disease that can cause up le of infect del i i th
to 100% losses when susceptible cultivars are growcr)lr are capable of infecting widely grown cultivars in the

. . >~ country (Paula Junior & Zambolim, 2006; Siétal, 2007).
environmental conditions are favorable and the dise

e experiment was arranged in a randomized complete

Block design, with each plot represented by eight plants

tor-Corrales & Tu, 1989; Bianchiat al, 1997). The disease 'gn, With P P y eightp

. . and three replications.

is favored by temperatures from 13 to 27 °C and humidity : . _
Seeds from each line were pre-germinated on Germitest

above 90%; but it is necessary that the conditions last for . .
) . . . aper in a growth chamber at 25 °C and 100% relative
at least six hours (Bianchiet al, 1997; Paula Juniet al, bap g °

h%midity for 24 h.After this time, the seedlings were

2006). When cqn|d|a germmat(_e, germ tubes elongate _aﬁ}ansplanted into styrofoam trays with 128 cells each
form appressoria that mechanically penetrate the cuticle

. . containing 30 mlof substrate (fopstrato HP, VidaVer
and epidermis of the host plant (Pastor-Corrales & Tlé,e Mogi Mirim, SPBrazil) and kept in the greenhouse

1989). Symptoms of anthracnose can be observed all O\Lljer"lrtil inoculation. The evaporative cooling system of the

the shoots. Howevethe typical symptoms of this disease eenhouse was set to keep the temperature at 24 + 4 °C.

are necrotic lesions of dark brown color on the veins (g . .
. . . lants were watered once a gajth suficient water to
the underside of leaves and on stems (Biancttiral,

. . _ provide substrate saturation.
1997). The use of resistant cultivars is one of the most .
Inoculations were performed seven days after

viable alternatives for the control of anthracnose. HOWeV%Fansplanting Just before inoculation, one primary leaf

n . : o
- - . i : ¥¥'each donor plant was excised and its petiole inserted
variability and the difficulty of working with different in }rays of 128 cells, each containing 30 mL of substrate.
resistance genes at the same time using the_ trad'tlog‘?lmilar to the donor plants, the experiment was arranged
methods. Thus, the development and evaluation of new . . . L
. . o ) . Inarandomized block design with three replications, each
methodologies that will facilitate the selection of reS|stantIot represented by eight primary leaves. The evaporative
plants, saving time and resources, are of great importangebling system ofythe greenhozse was. kept unchanged
i:orget Stl;dldesl hive dfemomnfr;[rz;tet()j tk:}ei:]easmrlllty k?\ﬁer the inoculations and relative humidity of > 95% was
using detached feaves of common bea APPrOACHGR ined by automatic micro-sprinkler irrigation set at 1
for improvement of disease resistance, especially rur‘?ﬁtln/hour These conditions were maintained until the
(Rios et al, 2001; Souzet al, 2009). Studies using

inoculation of detached leaves have also been erform%\éaluations'
P For inoculum production, isolates of the races 65, 81

for bean anthracnose (Tu, 1986; Bigirmanaditkl 2001). and 453 ofC. lindemuthianurwere transferred into tubes

However these studies were performed in highly - . .

: L containing sterilized bean pods partially submerged on

controlled environmental conditions and made ng NN

. . Potato dextrose agar (PDA) (Pio-Ribeiro & Chaves, 1975).
comparisons between the severities observed

Ahter the inoculation, the tubes were keptat 24 + 1° Ciin

detached leaves with those observed in the donor pla%sé dark for ten daysfter this period, the pods were

Thus, possible interactions between the methodolo raped using distilled water and the conidial suspension

of inoculation and genotype reaction were not detecte\gv.as adjusted to a concentration of 1.2 kcidia mL.

The objective of this work was to verify the possibility. - . .
. . The conidial suspension was sprayed onto the adaxial
of selecting bean plants resistant to anthracnose, usin

. : , Ide of the primary leaves, both on detached primary leaves
primary leaves detached in partially controlle . ,
. . and donor plants, using a manual sprayer (Pestiad,
environment (greenhouse) and detect possib

. . . 13).
differences in the reaction of bean genotypes to ) . . .
Ten days after inoculation, the anthracnose severity
anthracnose due to the methodology used.

in donor plants and primary detached leaves of each
race was assessed according to the modified nine-degree
MATERIALS AND METHODS scale proposed by Pastor-Corrales (1992) (Figure 1).
First, an experiment was conducted with different lineScores from 1 to 3 were considered as resistance reaction
of common bean to compare the methodologies of seedli(f) and equal or greater than 4 were considered
inoculation (phenological stage V2) and detached leaveasceptibility reaction (S).
(inoculation of excised primary leaves) in relation to The second experiment was conducted to evaluate
anthracnose severityhe bean lines Ouro Negro, Ourothe coincidence index of anthracnose severity obtained
Vermelho, Manteigdo Foscdl1Ruda, Ruda-RyP8, with both inoculation methods, the detached primary
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leaves and bean plants at the V2 stage. In this experimaftanthracnose symptoms on stems of bean plants is
the races 65 and 453 @&. lindemuthianumwere relatively common in highly susceptible genotypes,
inoculated onto donor plants and detached leaves of thich is the case of Ouro Negro to certain isolates of
genotypes Ruda-R, Ruda and Pérola. These genotypase 65 ofC. lindemuthianumFor all other genotype-
were selected because of their reactions to races 65 aade combinations tested, the two methods gave similar
453. The line Ruda -R is resistant to both races, whitesults for the resistance/susceptibility reaction. Other
Ruda and Pérola are susceptible to both races (Bteloauthors also reported the possibility of selection of bean
al., 2008). In this experiment, the detached primary leave$ants resistant t€. lindemuthianunusing detached
and their donor plants were identified, in order to compateaves. Tu (1986) and Bigirmana &fte (2001) concluded
their reaction one by one. The methods of inoculurhat the use of detached primary leaves and detached
preparation, inoculation and evaluation as well as thefoliate leaves proved to be an effective technique of
conditions under which the plants were kept were theelection. Howeverbecause these studies made no
same as previously described. comparison between the results obtained by inoculation
After the evaluations, the coincidence index betweenf detached leaves with those obtained in the donor
the response of the detached primary leaves and thglants, it was not possible to confirm the consistency of
respective donor plants was calculated. For the indéxe methodology used.
calculation, the reactions of resistance and susceptibility For the race 453 . lindemuthianumthe cultivars
were attributed to the donor plants and detached primatyuroVermelho and Ruda showed, in some cases, higher
leaves based on the severity scores. Then, the percentag@n anthracnose severity scores when inoculations were
of donor plants that had the same reaction of the detachfigdlde on detached leaves, howeviere were no

primary leaves was calculated. differences in the classification of the cultivars as
susceptible or resistantdfile 2). Diferences between
RESULTSAND DISCUSSION the two inoculation methods for susceptibility of bean

Regardless of the inoculation method, a significarﬂe”‘)types to leaf pathogens were also observed by other
effect (P<0.01) was found for the source of variation Line@Uthors: Souzat al. (2009) tested the resistance of
(L) for the races 65, 81 and 453 afi@demuthianumi.e., COMmon bean twromyces appendiculatum detached
the lines behaved differently across the three races. Tf@ves and found that rust symptoms were earlier and
source of variation Lines x Inoculation Methods (L x IM)MOreé aggressive in detached leaves than in inoculated
was significant at 1% probability for the races 65 and 433ants. In this case, because appendiculatuss an
of C. lindemuthianumindicating that one or more lines ©Pligate pathogen, possible differences between the

showed diferent anthracnose severiepending on the methods of inoculation may be due to physiological
inoculation method (@ble 1). factors involved in host-pathogen interaction.

The results obtained with plants and detached Inthe second experiment, a coincidence index of 87.3%
primary leaves were, in general, simildoweverdifferent between the reactions of resistance and susceptibility of
results were found fa@uro Negro, when it was inoculatedthe two methods of inoculation was observed for the race
with the race 65 o€. lindemuthianun{Table 2).This 65 ofC. lindemulthianumThe coincidence index for race
result can be explained by the low intensity oft53 was 74.7%. Howeveconsidering that during the
anthracnose symptoms in the leaves of this line and th&glection for resistance to anthracnose usually only
in the plants inoculated in the traditional manrtee  resistant plants are chosen, that is, plants with severity
symptoms occurred mainly in the stems. The occurrenggores 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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Table 1.Summary of analysis of variance of the severity of anthracnose symptoms in common bean lines using two methods of
inoculation

MS
VS DF
Race 65 Race 81 Race 453

Lines (L) 9 72.3586' 96.3980 61.3817
Methods of inoculation (Ml) 1 6.3700 0.0866° 3.0600

L x Ml 9 5.9787 0.0560° 1.5244
Error 40 0.0839 0.0496 0.2921
CV (%) 8.09 5.40 13.29

Table 2. Mean anthracnose severity scores of common bean lines after inoculation with races 65, 81 a@bH&dtathum
lindemuthianumusing the methodologies of plant inoculation (PI) and detached primary leaves (DPL)

Lines Race 65 Race 81 Race 453

PI* DPL?2 Pl DPL Pl DPL
Ouro Negro 8.27(S) 1.96(R) 1.00(R) 1.00(R) 1.00(R) 1.00(R)
OuroVermelho 1.00(R) 1.00(R) 1.00(R) 1.21(R) 4.77(S) 7.24(S)
Manteigdo Fosco 11 1.00(R) 1.00(R) 8.68(S) 8.24(S) 1.00(R) 1.00(R)
Ruda 9.00(S) 8.92(S) 9.00(S) 8.92(S) 7.00(S) 8.30(S)
Ruda-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 Talisma 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.

between the two methodologies would rise to 96 and 86.7% Generally studies involving inoculation of detached
for the races 65 and 453, respectivéhis result confirms leaves have been conducted using climatized rooms or
the efficiency of detached primary leaves in the selectiddOD chambers, as well as Petri dishes and, in some
of plants for anthracnose resistan&esimilar result was cases, the leaves have been grown on,agarose
reported by Souzat al. (2009), who compared the solutions or other nutrient solutions, making the whole
inoculation ofU. appendiculatu®n plants and detachedprocess dificult and very costly In this work, we
leaves in a F2 population of common bean: the coincidendemonstrated the possibility of selecting resistant
index was 97.6% for resistant plants and 92.9% fqgalants without losing efficiency in the greenhouse,
susceptible plants. Bigirmana & Hofte (2001) inocul&@ed since a partial control of humidity and temperature are
lindemuthianunonto detached trifoliate leaves of commorprovided. Thus, the number of genotypes that can be
bean and reported selection accuracy of 100% when thesessed considerably increases and the cost drops
inoculation was performed on a susceptible cultivar drastically

Tu (1986) and Souzzt al.(2009) pointed out several
gdvan.tages of using the methodology of dgtached leaV.E§ONCLUSIONS
including: the same plant can be characterized according
to the reaction to different races of a particular pathogen In common bean breeding programs, the use of
or even to the reaction to different pathogens; the resuttstached primary leaves was shown feasible to select
are obtained and the plants are kept alive and can even resistance to anthracnose. This technique can be
produce seeds, which can be of interest in different typesed in partially controlled environment such as in a
of study; plants with more than one gene for resistancegoeenhouse. The use of detached primary leaves can be
a particular pathogen can be identified. Furthermore, thigireliable in very specific race-genotype combinations
technigue prevents a possible interaction among racesaofd that involve genotypes that have a predominance
the same pathogen or different pathogens and can redotsymptoms on stems and stalks and highly aggressive
costs and working time. races ofC. lindemuthianum
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