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GENETIC CONTROL OF COMMON BEAN (Phaseolus vulgaris) RESISTANCE
TO POWDERY MILDEW (Erysiphe polygoni)

Viviane Ferreira Rezende, Magno Antonio Patto Ramalho and Hercules Renato Corte

ABSTRACT

Genetic control of common bean (Phaseolus vulgaris) resistance to powdery mildew (Erysiphe polygoni) was studied using
segregating populations from the bean variety crosses Jalo x ESAL 686 and ESAL 550 x ESAL 686. F, plants, together with
the parents, were inoculated and evaluated using a scale of values from one (plant without symptoms) to nine (completely
infected plant). F, plants were harvested individually, and F, , families were obtained. These families were evaluated in an 11
x 11 and 12 x 12 simple lattice statistical design for the Jalo x ESAL 686 and ESAL 550 x ESAL 686 crosses, respectively,
using the same value scale as the F, generation. The segregation observed in F, plants and F,, families indicated that two
genes are involved in genetic control, due to a double recessive epistasis. The high linear regression coefficient (b) between
F, plants and their F,, family, 0.66 for ESAL 550 x ESAL 686 cross, and 0.71 for Jalo x ESAL 686 cross, showed that the trait
is highly heritable.

INTRODUCTION MATERIAL AND METHODS

Powdery mildew disease is considered to be of sec- The susceptible parent lines used were Jalo and
ondary importance in the common bean (Sartorato aB$SAL 550, with indeterminate growth habits, and the re-
Rava, 1994). However, with the increase of bean sowisistant ESAL 686, with determinate growth habit, both with
in the fall-winter, when conditions favor the occurrence dérge yellow grains. The study was carried out from 1995
the causative organisnirysiphe polygoni(family to 1997 at Federal University of Lavras in Southern Minas
Erysiphaceae, order Erysiphales), an increase in the i@erais State (21 14' S, 45 00' W, 900 m above sea level),
portance of this pathogen is expected. Powdery mildemn a dusky red latosol (oxisol), climate CWhb, according
can cause extensive losses in grain productivity (Schwattzthe climatic classification of Koppen (Ometto, 1981).
et al, 1981; Arrielet al, 1991). F, plants, together with the parents, were sown in

Although chemical products are efficient controthe field and inoculated with the pathogen by the contact
alternatives (Rava and Sartorato, 1993), the main solutiohpieces of infected leaves with healthy leaves (Rezende
adopted is the use of resistant cultivars. There are severtdl, 1996). Evaluations were made close to harvest time,
reports of cultivars with a good level of resistance to thesing a scale of one to nine (Table ).
pathogen (Schwartet al, 1981; Sartoratet al, 1983;

Sartoratcet al, 1993). However, most of the resistant cul- Table | - Scale of values used to evaluate the reaction of common bean
tivars have medium to small-sized grains and indetermi- (Phaseolus vulgar)s lines toErysiphe polygoni.

nate growth habits. One of the few cultivars with large Values Infected foliar area (%)
grains, determinate habit and resistance is the line ESAL
686 (Rezendet al, 1996). 1 0
Large grain cultivars are usually incompatible with 2 1
small grain cultivars (Singh and Gutierrez, 1984, Vieira 2 éig io
al., 1989), making it difficult to incorporate resistance into 5 10 to 20
large grained cultivars. The resistance found in the large 6 20 to 40
grain ESAL 686 lineage (Rezendeal, 1996) could fa- 7 4010 60
cilitate breeding new cultivars with large grains and resis- g 28 :g 51580
tance to the powdery mildew pathogen. A study was made
of the genetic control of resistance in ESAL 686, to deter-
mine resistance tarysiphe polygonin segregating popu- F, plants were harvested individually, and fami-
lations lies were obtained. In the case of the ESAL 550 x ESAL

686 cross, 144 families were evaluated, using a 12 x 12
simple lattice statistical design. In Jalo x ESAL 686, 121
families were evaluated in an 11 x 11 simple lattice de-
sign. Additionally, the parents were sown as a control in
Departamento de Biologia, Universidade Federal de Lavras, Caixa Posta bIOCkS_' Each plot consisted of a one—meter line with ]j5
37, 37200-000 Lavras, MG, Brasil. Send correspondence to M.A.P.R. Seeds. Fifteen days before the experiment, the susceptible
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cultivar Jalo was sown around the experimental aregeneration and cross by that obtained in thgeReration
Twenty days after sowing, plants were inoculated usirgf the ESAL 550 x ESAL 686 cross. Each value was mul-
the same procedure used fqrifants. tiplied by the correction factor so that in all cases the aver-
Families were evaluated for powdery mildew closage of the values was the same. The frequency distribu-
to harvest time by three evaluators. The average valugms were obtained in this manner (Figure 1).
given by the three evaluators were subjected to analysis of ~ Considering the performance aof fants, the seg-
variance and the genetic and phenotypic parameters weggation observed fits nine resistant:seven susceptible in
estimated, using a methodology similar to that presentbdth crosses (Table IIl), indicating that two interacting
by Ramalhoet al (1993). The linear regression coeffi-genes are involved in controlling the trait. This is a case of
cient (b) between fplant performance and its ffamilies  double recessive epistasis (Ramathal, 1994), that is,

(Nyquist, 1991) was estimated. ' the plant will only be resistant if it possesses dominant
alleles of both genes involved.
RESULTS AND DISCUSSION Evaluations of the F, families confirmed the re-

sults obtained with the plants. A summary of the analy-

Pathogen pressure was intense, making it possildis of variance values (Table 1) shows that efficiency of
to cleanly discriminate plant reaction types during evalu#he lattice statistical design was lower than 1%. This indi-
tion of symptoms. The ESAL 686 line confirmed the precates that heterogeneity did not occur in the pathogen dis-
viously reported resistance to this pathogen (Rezenhdetribution among the blocks within the same repetition. The
al., 1996) while the other parents were found highly sugxperimental precision evaluated by the variation coeffi-
ceptible. cient can be considered good. Considering the large num-

A major difficulty in this type of study is to define ber of families evaluated, a certain discrepancy was ex-
resistant versus susceptible lines. Bett and Michaels (199%cted in the values given by the evaluators to the same
in a study of genetic control of resistance to powdery milamily in the two repetitions. The value frequency distri-
dew in Mexico, considered plants resistant when they reution of the E, families, after making the adjustments
ceived values of zero or one, on a scale of zero to fommentioned, confirms that the segregation observed was nine
The same procedure was adopted by Dundas (1936).résistant to seven susceptible (Table Il1).
our work, the scale varied from one to nine and plants The segregation observed in this study contrasts
with values of four or less were considered resistant. Howwith that reported by Dundas (1936), who found the trait
ever, visual evaluation can vary from one cross to anotht. be controlled by one gene, resistance being due to a
In addition, pathogen incidence itself can vary among tldmminant allele. On the other hand, Bett and Michaels
crosses and even within the same cross from one gendi®95) also report the occurrence of two genes. In one
tion to another. Therefore, we made an adjustment of tbase resistance was dominant and, in the other, recessive.
values given to the two generations of the two crosséihe discrepancy in these results can be attributed to the
considering that discrepancies occurred in the averagedifference in genetic constitution of the parents involved
the values found (Table Il). This adjustment was made loy each case. Furthermore, evaluation of resistance to the
correction factors. These factors were obtained by divigathogen through a scale of values can vary depending on
ing the mean value obtained in the evaluations of eatie evaluators.

Table Il - Summary of the analysis of variance of valuesHiysiphe polygonoccurrence in family
evaluations of E, generation oPhaseolus vulgari&SAL 550 x ESAL 686
and Jalo x ESAL 686 crosses.

ESAL 550 x ESAL 686 Jalo x ESAL 686
Source of variation d.f. Mean square d.f. Mean square
Replications 1 0.292 1 1.851
Adjusted treatments 143 8.740 * 120 8.713 *
Effective error 121 1.101 100 1.191
Lattice efficiency 100.07 100.96
C.V. (%) 20.33 23.10
Heritability (%) 87.40 86.33
Regression coefficent (b) between
F, plant and E, family 0.66 0.71
Average 5.16 4.72

*Significant at 0.01 probability level by F-test.
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Figure 1 - Frequency distribution of disease valueEwfsiphe polygonoccurrence ilPhaseolus vulgariine crosses. A and B arg &nd F, generations,
respectively, from the Jalo x ESAL 686 cross; C and D aem& F, generations, respectively, from the ESAL 550 x ESAL 686 cross.

Table 1ll - Number of plants in fand number of families in,E evaluated for reactioto Erysiphe polygoni
in Phaseolus vulgariand results of? tests for both crosses.
Reaction to pathogen
Cross Generation Number Resistant Susceptible X2
Jalo x ESAL 686 F Observed 87 58
E.F! 9 7
Expected 81.5625 63.4375 0.8286
F,, Observed 74 a7
E.F. 9 7
Expected 68.0625 52.9375 1.1839
ESAL 550 x ESAL 686 F Observed 84 67
E.F. 9 7
Expected 84.9375 66.0625 0.0237
F,. Observed 92 52
E.F. 9 7
Expected 81 63 3.4144

! Expected frequency.
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In spite of the discrepancy in the literature, one can 38 145-146.
infer that few genes are involved in the control of the traﬁ)undas, B.(1936). Inheritance of resistance to powdery mildew in beans.
S . . . ' Hilgardia 10: 241-253.
Heritability estlmgte, in the V_V|de sense, based on the avRUguist, W.E. (1991). Estimation of heritability and prediction of selection
age of the E families was higher than 85%, and that ob- response in plant populatior@rit. Rev. Plant Scil0: 337-345.
tained by the regressiogmantlesfamin was higher than Ometto, J.C. (1981). Bioclimatologia Vegetal Agrondmica Ceres, S&o
0.66, reinforcing the observation that genetic control is dug Paulo.

. . . amalho, M.A.P., Santos, J.B. doandZimmerman, M.J. de O.(1993).
to few genes. So, success in selection for resistant plants Genética Quantitativa em Plantas Autégamas. Aplicagdes ao

and/or families in segregating populations is expected. Melhoramento do FeijoeirdJniversidade Federal de Goiés, Goiania.
Ramalho, M.A.P., Santos, J.B. doandPinto, C.A.B.P.(1994).Genética
RESUMO na AgropecuariaGlobo, Sao Paulo.

Rava, C.A. and Sartorato, A. (1993). Eficiéncia de fungicidas no controle
do oidio Erysiphe polygonido feijoeiro comumSumma Phytopathol.
Para estudar o controle genético da resisténcia ao oidio 19 30.
(Erysiphe polygonino feijoeiro foram utilizadas as populagfefRezende, V.F., Ramalho, M.A.Pand Abreu, A. de F.B. (1996).
segregantes dos cruzamentos Jalo x ESAL 686 e ESAL 550 x Comgort?me”thqe I'rich;genf dﬁj f‘?iiéolcdompre'a?'?‘o g‘OF”iY?' de
. resistencia ao oidio. I. Reuniao Nacional de Pesqguisa de 1]ao
ESAL 686. As plantas fdesses cruzamentos, juntamente com q &l

tais. f . lad liad til d Goiania, GO, pp. 329-331.
0s paréntais, foram inoculadas € avaliadas utiizando-se u%%Horato, A. andRava, C.A. (1994).Principais Doencas do Feijoeiro

escala de notas de 1 (planta sem sintoma) a 9 (planta completa- comum e seu ControlEMBRAPA - SPI, Brasilia, DF (EMBRAPA
mente infectada). As plantagféram colhidas individualmente - CNPAF. Documentos, 50).

e obtidas as familias,E Essas familias foram avaliadas nossartorato, A., Rava, C.A.andYokoyama, M. (1983).Principais Doengas
delineamentos latice simples 11 x 11 e 12 x 12 para os cruzamen- & Pragas do Feijoeiro Comum no BragiMBRAPA - SPI, Goiania,
tos Jalo x ESAL 686 e ESAL 550 x ESAL 686, respectivamentgértoreo (EMBRAPA - CNPAF. Documentos, 5).

utilizando-se a mesma escala de notas da geraghs $egrega- ato, A, Rava, C.A.andCosta, J.G.C.(1993). Resisténcia do feijoeiro
gera greg comum ao oidioErysiphe polygoni resultados preliminares. I/

¢Oes observadas nas plantas Ras familias f; indicam que no Reunido Nacional de Pesquisa de Fejjiondrina, PR, Resumos, 37.
controle genético estéo envolvidos dois genes, sendo este um Ga&@artz, H.F., Katherman, M.J. andThung, M.D.T. (1981). Yield re-
de epistasia recessiva dupla. O coeficiente de regresséo linear (b) sponse and resistance of dry beans to powdery mildew in Colombia.
entre a plantafe sua familia £, mostrou que o carater possui alta Plant Dis. Rep65: 737-738.
T i Singh, S.P.andGutierrez, J.A. (1984). Geographical distribution of the

herdabilidade. ; ) X .

DL, and DL, genes causing hybrid dwarfismfhaseolus vulgaris

L., their association with seed size, and their significance to breed-
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