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ABSTRACT. The use of genetically resistant cultivars is the best method
to reduce losses caused by white mold (Sclerotinia sclerotiorum (Lib.) de
Bary). As the best known resistance sources are not adapted, the genetic
control of white mold in the common bean must be understood to guide
breeding more efficiently. The objective of the present study was to iden-
tify the genetic control of the resistance of common bean to white mold
by an indirect method using oxalic acid. For this, the descendents of the
VC3 cross (susceptible) x G122 (resistant) were used. The trait was as-
sessed by a descriptive key of scores after treatment with oxalic acid. The
assessments were made on individual plants (P , P, F , F, populations and
within F, , families) in a complete randomized design and on family means
where the randomized block design was used with two replications. The
oxalic acid method was efficient in detecting genetic differences. The ad-
ditive effects dominated and genetic control was characterized by partial
dominance (d/a=0.47). At least one resistance gene is involved, although
the trait is greatly influenced by the environment. The broad sense heri-
tability at the family mean level (0.47) was greater than that obtained at
the individual plant level (0.33), indicating that selection should be more
efficient based on progeny mean assessments.
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INTRODUCTION

White mold (Sclerotinia sclerotiorum (Lib.) de Bary) in common bean is a serious
disease, especially in winter cropping under irrigation using a central pivot. The climate con-
ditions in the contaminated areas favorable to its development are moisture and cool tem-
peratures. In this situation, a common bean farm can have average losses of 30% or more,
and they can reach 100% in rainy periods when preventive measures are not taken (Oliveira,
2005). Several control procedures have been suggested to limit losses due to white mold, but
the use of genetically resistant cultivars is the best method to reduce the risks of epidemics
(Castafio et al., 2001). However, it is difficult to implement because most of the cultivars avail-
able on the market are highly susceptible. Sources of genetic resistance to the pathogen are
restricted to some exotic cultivars, which are not adapted to Brazil and which have potential
use in breeding programs but cannot be used directly by the producers. For common bean
breeding, the transfer of a resistant allele is not enough, the cultivars need to be superior in
several agronomic traits. Some characteristics such as grain color, size and shine influence
commercialization. Average opaque grains weighing 23 to 25 g are more accepted than shiny
grains (Aidar, 2003). Upright stand makes crop management easier and contributes to prevent-
ing white mold. In addition to the stand, there is information on the resistance of the plant,
also known as physiological resistance, which is polygenic in nature (Miklas et al., 2001).
There are several methods to detect physiological resistance to white mold in the common
bean (Hunter et al., 1981; Miklas et al., 1992a,b; Petzoldt and Dickson, 1996; Steadman et al.,
1997). Most of these tests use a limited number of genotypes and depend on the fungal myce-
lia in the assessments (Kolkman and Kelly, 2000), which are influenced by the variability of
the isolates (Miklas et al., 1992a; Pratt and Rowe, 1995) and the sensitivity of the pathogen to
high temperatures (Boland and Hall, 1987). All these factors limit the assessment methods in
greenhouses using the pathogen. The evidence that S. sclerotiorum uses oxalic acid to invade
the common bean plant led to the development of an indirect assessment method of resistance
based on the plant reaction when placed in oxalic acid solution without root (Kolkman and
Kelly, 2000). An advantage of this procedure is the identification of physiological resistance
without interference from other resistance mechanisms. Thus, the objective of the present
study was to identify the common bean genetic control of resistance to white mold indirectly
using the reaction to oxalic acid.

MATERIAL AND METHODS

The exotic G122 line, resistant to white mold, was crossed with the adapted and sus-
ceptible VC3 line. This line has Carioca grain type, bush stand, resistance to some races of C.
lindemuthianum and high yield. A total of 80 plants were assessed for each parent, 20 from
F,, 300 F, plants and 173 F, , families. F| and F, were assessed in plots with 10 plants, with
2 replications, in a complete randomized design. Fifteen plots were used per F, replication.
Each F_, family was assessed in a plot with 10 plants with 2 replications, in 8 stages. At each
stage, the parents were used with common controls in plots with 5 plants and 2 replications.
All plants were assessed individually, without roots, in a solution of 20 mM oxalic acid (Kolk-
man and Kelly, 2000). A descriptive key of scores (from 1 without symptoms to 6 representing
completely wilted plants), used by the cited authors, was employed to assess each plant after
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16-22 h in the solution, starting at 5:00 pm. Initially, an analysis of variance among F, , fam-
ily means was set up, using the augmented block design with 2 replications. The means were
adjusted based on the controls used at each stage of the assessment, because it was not possible
to assess all F, , families in a single conventional experiment. Next, an analysis of variance us-
ing the adjusted means was carried out as a randomized block design with 2 replications. The
variances among parent, F , F, and within F,  family plants were used to estimate the com-
ponents of variance (Vencovsky and Barriga, 1992; Ramalho et al., 1993). The score means
of the F, F,, F, , population and the two parents were used to estimate the mean components.
The additive and dominant model without epistasis was considered using the Mapgen program
(Ferreira and Zambalde, 1997).

The fit of the model for both the mean components and for the components of vari-
ance was assessed by the coefficient of determination (R?) and the chi-square test (y?). Broad
sense heritability (ha?) and narrow sense heritability (hr?) at the plant level and broad sense
heritability (ho?) at the F, ; family mean were assessed according to Ramalho et al. (1993).
The expressions of Knapp et al. (1985) were used to estimate the confidence intervals of the
heritability at the individual level. The number of genes (k) involved was estimated using the
expression of Wright (1934).

RESULTS AND DISCUSSION
Use of individual plant means and variances

The oxalic acid method was efficient in detecting genetic differences between the
resistant and susceptible parents (P < 0.01) in response to oxalic acid (Table 1). The G122
line scored 1.58 on average and the VC3 cultivar scored 3.14 on average. Kolkman and Kelly
(2000) also reported the resistance of the G122 line to oxalic acid at temperatures similar to the
present study (average of 21°C). However, they reported that high temperatures (24° to 40°C)
affected the resistance of the line. The authors also noted that this physiological resistance
mechanism is specific and may be associated with other mechanisms, such as bush stand, to
show greater levels of resistance to the pathogen. The summary of the analysis of variance of
the reaction score of the individual plants in the oxalic acid test and the differences among
the means of the F , F,, and parents are shown in Table 2. The population effect was highly
significant, showing the existence of genetic variability among them (P <0.01). Although high
genetic difference was detected among the populations, there was a high coefficient of varia-
tion, the trait was consequently sensitive to several factors, especially those that affect young
plant development before treatment with the acid like the temperature and adaptation of the
genotype. Kolkman and Kelly (2000) reported coefficients of variation from 14.10 to 20.30,
in a study of the effect of oxalic acid on the common bean, at controlled temperatures. Table
3 shows the average scores of the populations assessed and the estimates of the mean compo-
nents. The data fitted the dominant additive model, with R? being practically 100%, although
the chi-square result was significant. The additive effects presented a highly significant nega-
tive value (P < 0.01). Their magnitude was 2-fold greater than the effects of dominance, sug-
gesting a great contribution to resistance to oxalic acid and the pathogen. The genetic effects
of dominance, represented by the d component, which measures the deviation of the heterozy-
gote from the mean, was significantly different from zero and negative. Therefore, the effects
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of dominance are in the direction of reducing the wilting caused by oxalic acid, that is, it also
confers resistance to the pathogen. However, this component was less significant (P < 0.05).

Table 1. Summary of the analyses of variance of scores of the oxalic acid test among parent genotype.

Source of variation d.f. Mean square
Between 1 97.656*
Within 158 0918
CV (%) 40.66%
Mean 2.36

d.f. = degrees of freedom; CV = coefficient of variation.

*Significant at 1% probability by the F test.

Table 2. Analysis of variance among plants of the reaction of common bean to oxalic acid in the parents and in

the F, and F, generations.

Mean square

Source of variation d.f.
Replications 1
Treatment 3
Error 3
Within P, 78
Within P, 78
Within F, 18
Within F, 298
CV (%)

Mean

17.1125
20.0656*
2.2064
0.5765
1.1259
0.1974
1.1536
48.80
2.23

d.f. = degrees of freedom; CV = coefficient of variation.

*Significant at 1% probability by the F test.

Table 3. Means and variances of the populations assessed and their respective estimates for the trait common
bean reaction to oxalic acid obtained for the G122 x VC3 cross.

Population Means

Observed Expected Variance
G122 1.58 1.40 0.5765
vC3 3.14 3.14 1.1259
F, 1.25 1.40 0.2056
F, 2.02 2.14 1.1283
F, 2.52 2.51 0.9651
Parameter Mean components

Estimate Standard errors P>|T|
m 2.88 0.08 0.0008
a -3.14 0.29 0.0085
d -1.48 0.20 0.0184
d/a 0.47
Ia 10.75 0.0046
R? (%) 99.94 -

m = mean score estimate; a = additive effects; d = dominance effects; d/a = mean degree of dominance; %2 = chi-

square test; R? = coefficient of determination.
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The mean of the parents was 2.35 (Table 1) clearly higher than the F| mean (Table 3), while
the F, mean (Table 3) was intermediate between the mean of the parents and the F , charac-
terizing partial dominance. The magnitudes of these means were compatible with the mean
degree of dominance (d/a = 0.47). The predominance of the additive effect was also reported
in colza and sunflowers in the control of the development of the lesion in the canopy caused
by S. sclerotiorum (Baldini et al., 2004; Zhao et al., 2004). Also in sunflowers, using S. scle-
rotiorum mycelia (Castafio et al., 2001), all estimates were significantly different from zero,
and the additive effect (a = -0.34 + 0.08) was negative and highly significant. The genetic
effects of dominance were also negative (d = -0.39 £ 0.23) and tended to reduce the lesion
areas. Its magnitude was very similar to the additive effects, but of less importance.

This comparison showed that indirect assessment by oxalic acid is in line with the
assessments with fungal mycelia and can be used in assessments of resistance to white mold.
The effects of dominance and its epistasis interactions are less important in self-pollinating
species (Brim and Cockerham, 1961). The breeding techniques that benefit from high additive
variance and the additive x additive interaction to obtain genetic gains are very important in
common bean breeding, because this is a self-pollinating species. As the additive effects were
significant in this study, the predicted gains for resistance of the common bean to oxalic acid
produced by S. sclerotiorum can be reached.

The fit to the model was suitable (R?= 98.67%) for the estimates of the components of
variance (Table 4), although x> was also significant. The variance of dominance was of much
lower magnitude compared to the additive variance. The ratio was 11:1, although the error
associated with the estimate was much greater than the estimates of the mean components,
as usually occurs with variances. Especially in this study, the environmental variance among
plants was very high in the susceptible parents (VC3), highlighting the sensitivity of the trait
to the environment. Thus, the difficulty in selecting resistant plants in segregant populations
can be understood. Therefore, the breeder should choose to assess progenies with a greater
number of plants, when greater gain with selection is expected. The estimates of broad and
narrow sense heritability were 0.33 and 0.30, respectively. The heritability values, although
of low magnitude, were sufficient to suggest that resistance can be effectively selected by the
oxalic acid method. The magnitudes of these estimates were similar to those reported by Kim
and Diers (2000) who estimated heritability in F,-derived populations (ha*= 0.30 to 0.71) for
a disease severity index. In the three populations derived from the Andean line (G122) hr?
estimates for disease severity index ranged from 0.65 (straw test) to 0.78 (field test) (Miklas et
al., 2001; Park et al., 2001). In green beans, the estimates ranged from 0.6 (field test) to 0.73
(straw test) (Miklas et al., 2003). The heritability estimates for resistance to white mold sug-
gested that the heritability for the trait is influenced by the parent genotype, procedures used
in the test, disease severity at assessment and interaction of environmental and agronomic
factors. It was also observed that only one resistance gene is involved. However, according to
Ramalho et al. (1993), it is very difficult to determine the number of genes precisely, mainly
because of the environmental effect on the manifestation of the traits, as in the present study.
A QTL with a relatively large effect (around 38%) detected by Miklas et al. (2001) is in line
with this estimate. However, it is known that the genetic control of white mold in the field is
quantitative and greatly influenced by the environment (Castafio et al., 1993). This is why in
this condition there is a combination of other resistance mechanisms, such as avoidance of the
disease because of the more bush stand, which reduces excess moisture among the plants, in
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addition to genetic mechanisms not due to oxalic acid but related to the defense of the plant

against S. sclerotiorum.

Table 4. Estimates of variance components for the trait common bean reaction to oxalic acid obtained for the
G122 x VC3 cross, from individual plant data.

Parameter Variance components

Estimate Error LL UL P>T|
V, 0.3474 0.2169 0.2904 0.4231 0.2505
v, 0.0300 0.4983 0.0268 0.0340 0.9574
V. 0.7763 0.1908 0.6763 0.9004 0.0555
vV, 0.0000 0.0000 0.0000 0.0000 -
x® 16.73 0.0002
R? (%) 98.67

LL = lower limit; UL = upper limit; V, = genetic variance of the additive effects; V= genetic variance of the effects
of dominance; V = environmental variance; V, = environmental variance among F, , family means.

Variances among F, , family means

The analysis of variance of the scores given to the oxalic acid reaction trait of common
bean, in the F_, families, is shown in Table 5. The coefficient of variation was 25.18%, which is
much smaller than the estimates obtained with individual plants (Tables 1 and 2) and similar to
those reported by Kolkman and Kelly (2000). In principle, this result showed greater efficiency in
the assessment, considering progeny mean. A significant genetic difference was detected among
families (P < 0.01). Broad sense heritability was 0.47, with a confidence interval of 0.26 to 0.64,
superior to that obtained in individual plants (0.33). In a similar study with lines derived from F, of
a cross between the Bunsi (Ex Rico 23) x Newport and Huron x Newport cultivars, Kolkman and
Kelly (2003) reported that heritability estimates for resistance to oxalic acid were as low as 0.19 (0
to 0.37 confidence interval) which was considered low by these authors, and as high as 0.56 (0.18
to 0.73 confidence interval) which was considered moderate, respectively for the populations.

Table 5. Analysis of variance of the trait common bean reaction to oxalic acid obtained in the evaluation of the
means of the F, ; families of the G122 x VC3 cross.

Source of variation d.f. Mean square
Replications 1 0.1504
Families 132 0.8069*
Error 132 0.4241
Total 265 -
Mean 2.59
CV (%) 25.18
Parameter estimates
Phenotypic variance 0.4035
Environmental variance 0.2121
Genetic variance 0.1914
Broad sense heritability 0.4744

d.f. = degrees of freedom; CV = coefficient of variation.
*Significant at 1% probability by the F test.
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Although the heritability estimates for physiological resistance were generally low or
moderate (Miklas et al., 2001; Park et al., 2001), selection of resistant genotypes, such as to
oxalic acid, is important to guarantee the free genetic gain of other factors, which is expected
in field assessments and also to contribute to resistance, such as bush stand. In field assess-
ments, Miklas et al. (1992a) found in derived Ex Rico 23 populations heritability estimates of
moderate to high magnitude (ha?= 0.58 to 0.77). According to the authors, the amplitude of
these estimates was influenced by the parent genotype and interactions among environmental
and agronomic factors. As resistance to white mold is greatly influenced by the environment,
several assessments in different locations are recommended to guarantee the identification of
more resistant lines in the segregant populations.
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