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DIFFERENT METHODS OF ASSESSING SUSCEPTIBILITY OF SOYBEAN
GENOTYPES TO WHITE MOLD

DIFERENTES METQDOS DE AVALIACAO DA SUSCETIBILIDADE DE
GENOTIPOS DE SOJA AO MOFO BRANCO
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ABSTRACT: White mold caused by the fungus Sclerotinia sclerotiorum is an important disease in relation to
soybean. The use of less susceptible genotypes can be a productive strategy in the management of this disease, and the
development of an appropriate methodology for soybean inoculation is useful for the differentiation of disease-resistant
genotypes. The present study aimed to assess the susceptibility of 77 soybean genotypes based on their reaction to oxalic
acid, as well as to determine correlations between three traditional disease assay methods (detached leaf, non-wounded
stem and straw tests) and the results of the oxalic acid assay. Oxalic acid susceptibility was assessed by using a wilting
score scale. For the other methods, the severity of disease symptoms was assessed. To compare methodologies, the values
obtained for the genotypes using each method were categorized into classes, and a severity index was used to represent
individuals within each class. All the methods used were efficient for the differentiation of soybean genotypes in terms of
susceptibility to S. sclerotiorum; however, the behavior of the genotypes depended on the inoculation method adopted.
Even though no significant relationship was identified between the severities of the damage resulting from the
methodologies, the rankings acquired from the methods strongly agreed. The oxalic acid method was the most rapid, the

least laborious, and was the cheapest compared with the other methods that were used.

KEYWORDS: Glycine max. Pathogen. Resistance. Sclerotinia sclerotiorum.

INTRODUCTION

Sclerotinia sclerotiorum (Lib.) de Bary is
one of the most devastating and widespread fungal
pathogens. It affects over 400 plant species
worldwide, including important agronomic crops
such as soybean, and causes the disease called white
mold (BOLAND; HALL, 1994; SAHARAN;
MEHTA, 2008). White mold epidemics in soybean
may reduce yield by more than 40% when
conditions are favorable, such as long rainy periods
and cool temperatures (PELTIER et al., 2012;
HENNEBERG et al., 2012; JACCOUD FILHO et
al., 2014). The fungus produces a resistant structure
(sclerotium), which allows the fungus to survive in
soil for up to five years (ADAMS; AYERS, 1979;
STEADMAN, 1983).

Due to the characteristics of S. sclerotiorum,
one single strategy has not been sufficient to control
the disease. An integrated management program is
recommended, including the use of resistant or less

susceptible genotypes, which has been cited as one
of the most efficient and economic approaches (LU,
2003; PIERRE et al., 2011). It would be most ideal
to analyze the susceptibility of genotypes under
natural conditions, but S. sclerotiorum has an erratic
distribution in the field and depends on specific
weather conditions (ALEXOPOULOS et al., 1996).
Therefore conducting assays in the field is
unreliable and highly variable (SCHWARTZ;
SINGH, 2013).

Several tests have been developed to
analyze the susceptibility of genotypes to S.
sclerotiorum 1in the laboratory or greenhouse.
Among the available methods, the most common
inoculation techniques use a PDA disc containing
the fungal mycelium on different plant tissues.
These tests include the detached leaf test
(WEGULO et al., 1998), the cut stem test (straw
test) (TERAN et al., 2006) and the non-wounded
stem test (GARCIA; JULIATTI, 2012).
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S. sclerotiorum colonization is associated
with many enzymes that are capable of digesting
and degrading the cell wall of the host. In addition,
several authors have associated the production of
oxalic acid (OA) with virulence (HAREL et al.,
2006; KIM et al., 2008; WALZ et al., 2008; LIANG
et al., 2015). Therefore, some susceptibility
screening assays are based on the responses of
different genotypes to oxalic acid
(GONCALVES;SANTOS, 2010), however, the
authors are not aware of any publications assessing
the levels of resistance of soybean to S. sclerotiorum
based on the wilting responses of OA, as has been
efficiently used for common bean (KOLKMAN;
KELLLY, 2000; ANTONIO et al., 2008).

The present study aimed to: 1) establish
and test a methodology to assess the level of
susceptibility of soybean genotypes to white mold
based on the response to OA, 2) compare the results
of OA sensitivity to three traditional disease
screening methods that use agar plugs with actively
growing mycelia as inoculum, 3) analyze the
correlations between the methodologies to
determine the susceptibility of the genotypes to S.
sclerotiorum based on ranking.

MATERIAL AND METHODS

Study area

This study was conducted in the Laboratory
of Applied Plant Pathology of the State University
of Ponta Grossa (Universidade Estadual de Ponta
Grossa — UEPG) in the State of Parand, Brazil.

Experimental design

Four experiments were performed (one for
each proposed method of inoculation) with 77
soybean genotypes grown in a greenhouse. The
experiments were developed using a completely
randomized design with four replicates each.

Inoculum source

The mycelia for the detached leaf method,
straw test and non-wounded stem inoculation
methods were obtained by culturing sclerotia that
came from commercial fields in Jatai (GO-Brazil).
The sclerotia were previously disinfected in 70%
ethanol and 0.5% sodium hypochlorite (diluted in
distilled water), isolated in Petri dishes on potato
dextrose agar (PDA) medium, and incubated at 22
°C with a 12-h light and 12-h dark photoperiod for
the formation of fungal mycelia. For the inoculation,
PDA plugs approximately 8 mm in diameter,
containing four day-old fungal mycelia, were used.
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Wounded stem inoculation using micropipette
tips (straw test)

Four plants from each genotype, at the V2
phenological stage (second trifoliate leaf expanded)
according to the scale of Fehr and Caviness (1977)
were assayed. The apical shoot tip was removed and
a PDA plug was placed on top, mycelial side in
contact with the plant surface. Micropipette plastic
tips of 1 mL were placed on the plant to prevent the
disk from falling or touching any part of the plant
other than the injured area. The inoculated plants
were misted with sterile distilled water, covered
with plastic bags and incubated at 20 °C with a 12h
light and 12h dark cycle. The disease severity was
assessed 72 hours after inoculation based on the
proportion of the lesion length on the stem in
comparison with the total stem length (both
measured with a ruler).

Non-wounded stem inoculation method

Four plants from each genotype at the V2
phenological stage (FEHR; CAVINESS, 1977) were
assessed. A PDA plug from a four day-old culture
was placed mycelial side towards the plant, on the
first trifoliate axillary bud, and fixed in place with
adhesive tape to each plant. The inoculated plants
were misted with sterile distilled water, covered
with plastic bags and incubated at 20 °C with a 12h
light and 12h dark cycle. The severity of the disease
development was assessed 72 hours after
inoculation, based on the proportion of the lesion
length on the stem in comparison with the total stem
length (both measured with a ruler).

Detached leaf method

The second trifoliate, from four plants at the
V4 growth stage (FEHR; CAVINESS, 1977), was
detached and placed separately in germination
boxes (gerbox) containing two sheets of blotting
paper saturated with sterile distilled water. Prior to
inoculation, the leaflets were sprayed with water
and one PDA disk, taken from a four day-old
culture, was placed with the mycelial side facing the
plant surface, on the center of the leaflets. The
germination boxes containing the leaflets were
incubated at 20 °C with a 12h light and 12h dark
cycle. Four trifoliates (twelve leaflets) from each
genotype were assessed. The severity was assessed
every 24 hours after inoculation based on the size of
the lesion in proportion to the total size of the leaflet
(also measured with a ruler). Lesion size at 48 hours
post-inoculation was used as a comparison with the
other inoculation methods, as nearly all leaflets
were completely necrotic by 72h.
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Oxalic acid method

After 21 days of sowing, the plants were cut
near the crown region, and placed through a
polystyrene sheet into a 20 mM oxalic acid solution
(Analytical Reagent on its acid form, LABSYNTH
Ltda.) pH adjusted to 4.0 using 10 M sodium
hydroxide), such that the stems were maintained
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submerged 2 cm for 20 hours at 20 °C in the dark
(ANTONIO et al., 2008). Four plants from each
genotype were assayed. The susceptibility to OA
was assessed using a wilting score index designed
by the authors (Figure 1), developed based on a
common bean assay (ANTONIO et al., 2008).

Figure 1. Examples of wilting scores assigned to soybean responses to the oxalic acid method.

Statistical analysis

The Scott-Knott test was used to make
comparisons of the means for the response of the
soybean genotypes to each method by using the
Assistat® program.

To enable a comparison between the results
obtained by the different methods, because the
assessment of genotype susceptibility did not follow
the same evaluation standards, the values obtained
from the genotypes for each method were
categorized into classes. The number of classes was

defined by the square-root of the number of

genotypes (k =w/; , where k& was the number of
classes and n the number of genotypes analyzed).
The data intervals for each class were defined based
on the difference between the maximum and
minimum values for each method, divided by the
number of classes (SOARES et al., 1991), which
obtained the severity index that was used to
represent the individuals within each class, as
shown in Table 1.

Table 1. Severity index assigned based on the assessments of oxalic acid (wilting scores) and the three
traditional methods of inoculation of Sclerotinia sclerotiorum (%), according to the highest and
lowest severities obtained from samples by each method.

Severity Wilting scores for Severities Stem Severities Straw Severities Detached
Index Oxalic Acid method (%) method (%) Leaf method (%)
1 1-14 3.50-11.04 0.45 -6.07 4.67-14.91
2 1.5-1.9 11.05-18.59 6.08 - 11.70 14.92 - 25.16
3 20-24 18.60 — 26.14 11.71-17.33 25.17-35.41
4 25-29 26.15 -33.69 17.34 - 22.96 35.42 - 45.66
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5 3.0-34 33.70-41.24 22.97 - 28.59 45.67 - 5591

6 3.5-39 41.25-48.79 28.60 — 34.22 55.92 - 66.16

7 4.0-44 48.80 — 56.34 34.23 - 39.85 66.17 - 76.41

8 45-5.0 56.35 - 63.90 39.86 — 45.50 76.42 — 86.67
The combined analyses of the experiments RESULTS AND DISCUSSION

were based on the homogeneity of variance, which
was determined using Bartlett’s test (STEEL et al.,
1997). Spearman’s coefficient of rank correlation

(r,) was used to measure the correspondence

between (i) the results obtained for the susceptibility
of the genotypes to the different methods and (ii) the
ranking of the cultivars assessed by the applied
methods (SOARES et al., 1991; LARSON;
FARBER, 2010; RODRIGUES, 2010). Finally, the
cultivars were ranked according to their average
performance in the following four tests (stem
inoculation method, detached leaf, response to
oxalic acid and straw test).

The genotypes presented different responses
when exposed to all the methods (Table 2),
demonstrating that all the methods used were
efficient, either directly or indirectly, in
differentiating between the soybean genotypes in
terms of susceptibility to S. sclerotiorum. Regarding
the OA assay, some genotypes were extremely
susceptible, such as BRS 255 RR, CD 215 and FTS
CAMPO MOURAO RR, whereas others did not
show high susceptibility (BMX APOLO RR and
BMX FORCA RR). A similar situation was
observed in relation to the other methods, with
many intermediate levels of susceptibility (Table 2).

Table 2. Results of the four inoculation methods, separated according to the differences among genotype
wilting scores (oxalic acid method) and disease severities (detached leaf, non-wounded stem and

straw tests).

CULTIVAR

Assessed methods (original data collected)

Oxalic Acid"* Straw”* Detached leaf** Stem”*
BMX APOLO RR 1.10 e 12.00 d 5292 a 51.06 a
BMX TITAN RR 330 b 929 d 4209 b 31.21 b
BMX ENERGIA RR 320 ¢ 874 d 4292 b 3404 b
BMX POTENCIA RR 240 d 10.12 d 29.17 ¢ 3449 b
BMX MAGNA RR 2,10 d 17.02 ¢ 3750 b 531 e
BMX TURBO RR 220 d 1756 ¢ 2443 ¢ 19.50 d
BMX ATIVA RR 240 d 1554 ¢ 1898 ¢ 6.23 e
BMX FORCA RR 1.10 e 2284 b 18.55 ¢ 17.83 d
FTS CASCAVEL RR 220 d 19.71 ¢ 4625 a 27.15 ¢
FTS CAMPO MOURAO RR 430 a 2295 b 3125 ¢ 13.50 d
FTS FENIX 3.00 ¢ 23.67 b 3225 ¢ 12.03 d
FTS MAUA RR 3.00 ¢ 17.18 ¢ 19.00 ¢ 1331 d
FTS MAMBORE RR 125 e 2698 b 15.05 ¢ 935 e
CD 202 370 b 2027 ¢ 50.59 a 1245 d
CD 206 224 d 1341 d 59.17 a 641 e
CD 215 420 a 1427 d 3750 b 540 e
CD 216 140 e 2139 b 33.09 ¢ 10.09 e
CD 221 1.70 e 19.76 ¢ 22.00 ¢ 547 e
CD 224 260 c 1227 d 5334 a 16.02 d
CD 206 RR 230 d 14.66 d 22.65 ¢ 548 e
CD 213 RR 2.00 d 3376 a 39.58 b 4798 a
CD 214 RR 1.30 e 21.00 ¢ 54.00 a 1476 d
CD 226 RR 1.50 e 20.86 b 4750 a 1645 d
CD 231 RR 370 b 1124 d 41.67 b 3495 b
CD 233 RR 420 a 1077 d 2530 ¢ 8.97 e
CD 235 RR 290 ¢ 17.24 ¢ 3433 b 7.60 e
CD 236 RR 330 b 2536 b 5334 a 9.16 e
CD 239 RR 280 ¢ 2529 b 2445 ¢ 1245 d
CD 241 RR 280 ¢ 30.04 a 18.00 ¢ 24.83 ¢
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CD 248 RR 390 a 2745 b 16.05 ¢ 6.83 e
CD 249 RR 270 ¢ 29.17 a 2428 ¢ 8.05 e
CD 250 RR 250 d 20.71 ¢ 16.25 ¢ 10.39 e
EMBRAPA 48 2.60 ¢ 16.75 ¢ 4142 b 511 e
BRS 184 2.00 d 13.04 d 18.28 ¢ 591 e
BRS 214 2.60 ¢ 11.77 d 30.34 ¢ 740 e
BRS 232 1.40 e 13.02 d 3392 b 7.60 e
BRS 258 2.60 ¢ 22.06 b 3583 b 13.37 d
BRS 282 1.90 d 3585 a 52.08 a 4439 a
BRS 283 1.34 e 2481 b 28.75 ¢ 6.52 e
BRS 284 240 d 21.88 b 3442 b 6.00 e
BRS 242 RR 1.20 e 26.67 b 4792 a 1240 d
BRS 243 RR 1.60 e 20.21 ¢ 4317 b 7.87 e
BRS 245 RR 1.70 e 2353 b 5042 a 1487 d
BRS 246 RR 2.60 ¢ 31.39 a 52.92 a 2334 ¢
BRS 255 RR 420 a 10.84 d 3350 b 8.84 ¢
BRS 256 RR 1.60 e 1598 ¢ 52.17 a 19.13 d
Continues

Continuation

BRS 294 RR 2.80 c¢ 15.80 ¢ 2593 ¢ 515 e
BRS 295 RR 2.80 ¢ 25.17 b 40.42 b 6.26 e
BRS 316 RR 1.30 e 17.28 ¢ 1940 ¢ 587 e
SPRING 240 d 20.10 ¢ 37.00 b 1126 d
NK 3363 1.60 e 26.51 b 17.08 ¢ 2227 ¢
SYN 3358 RR 1.20 e 1846 ¢ 40.83 b 16.72 d
NK 7054 RR 340 b 3198 a 4750 a 7.02 e
NK 7059 RR 340 b 21.67 b 3459 b 16.62 d
SYN 1059 RR 330 b 2558 b 1748 ¢ 9.05 e
TMG 4001 RR 3.00 c 17.23 ¢ 60.00 a 7.10 e
TMG 1066 RR 2.00 d 25.14 b 42.09 b 1486 d
MSOY 5942 2.00 d 19.01 ¢ 57.50 a 1294 d
M 6009 RR 330 b 16.15 ¢ 40.84 b 9.36 e
M 6707 RR 290 ¢ 22.09 b 2234 ¢ 5.88 e
NS 4823 RR 1.30 e 2652 b 42.08 b 2330 ¢
NA 5909 RR 290 ¢ 2403 b 56.67 a 7.88 e
NA 6411 RR 3.60 b 22.14 b 4375 b 877 e
NA 4725 RR 350 b 1573 ¢ 3542 b 8.04 ¢
A 7321 RR 390 a 25.68 b 5375 a 19.74 d
NA 4990 RR 1.50 e 21.74 b 20.70 ¢ 37.65 a
NS 5858 RR 3770 b 20.57 ¢ 2423 ¢ 7.82 e
NS 6636 RR 290 ¢ 2297 b 17.73 ¢ 1238 d
NS 6262 RR 3.10 ¢ 2845 a 19.10 ¢ 1942 d
NS 7100 RR 350 b 20.53 ¢ 26.30 ¢ 7.88 e
EXP 11631 RR 2.00 d 26.09 b 1573 ¢ 4754 a
EXP 11497 RR 230 d 32.19 a 18.63 ¢ 23.79 ¢
EXP 11920 RR 240 d 26.88 b 16.85 ¢ 4453 a
EXP 11026 RR 2.00 d 28.64 a 3400 b 16.73 d
EXP 11900 RR 1.20 e 3227 a 2935 ¢ 25.10 ¢
FPS JUPITER RR 2.10 d 28.15 a 29.78 ¢ 26.20 ¢
FPS URANO RR 340 b 21.14 b 1423 ¢ 18.12 d
Coefficient of variation (%) 24.82 20.46 22.59 23.00

' _ Data analysed based on wilting score index; > — Data analysed based on the disease severity (%); * Means followed by the same letter

do not differ according to the Scott-Knott test at 5% probability.

When the severity levels were transformed
into the severity index, in order to make a
comparison between the methods, there was a
significant difference (p < 0.01) in the genotype
susceptibility to S. sclerotiorum depending on the
method utilized. Considering the significant

interaction (p < 0.01) between both factors
(genotypes x methods), the level of genotype
susceptibility varied according to the method of
inoculation that was applied.

Although the detached leaf method
presented the highest level of severity (Table 2), the
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straw test showed the largest mean value between
the methods for the severity index (Table 3),
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followed by the OA method, detached leaf and
finally, the non-wounded stem inoculation method.

Table 3. Test result applied to separate the means of severity index for the four methods of inoculation used.

Inoculation methods

Severity index

Oxalic acid 3.87 b*
Straw 4.14 a*
Detached leaf 3.38 c*
Stem inoculation 2.19 d*

* Means followed by the same letter do not differ according to the Scott-Knot test at 5% probability.

The severity index for each genotype (Table
4), comparing the results of the OA method with the
non-wounded stem inoculation method, revealed a
higher susceptibility to the OA method for many
genotypes. For example, the genotypes BMX

EXP 11631 RR, EXP 11920 RR and EXP 11900
RR were extremely susceptible to the stem
inoculation method, but did not react strongly to the
OA. Both methods yielded similar results for the
other genotypes.

APOLO RR, CD 213 RR, BRS 282, NA 4990 RR,

Table 4. Results of the four inoculation methods separated according to the differences among genotypes and
methods based on the severity index.

Assessed methods (severity index)

CULTIVAR Oxalic acid* Straw* Detached leaf* Stem*
BMX APOLO RR 1.25 d B 275 d B 5.25 a A 675 a A
BMX TITAN RR 5.75 b A 200 d B 4.25 b A 425 b A
BMX ENERGIA RR 5.50 b A 200 d B 4.25 b A 450 b A
BMX POTENCIA RR 4.50 b A 225 d B 2.75 c B 475 b A
BMX MAGNA RR 2.75 c A 350 ¢ A 3.75 b A 100 d B
BMX TURBO RR 3.50 c A 3.75 c A 2.50 d A 300 ¢ A
BMX ATIVA RR 3.25 c A 350 ¢ A 2.00 d B 100 d B
BMX FORCA RR 1.25 d B 450 b A 2.00 d B 250 ¢ B
FTS CASCAVEL RR 3.00 c A 400 ¢ A 4.50 b A 35 b A
FTS CAMPO MOURAO RR 7.75 a A 450 b B 3.25 c C 200 ¢ C
FTS FENIX 4.75 b A 450 b A 3.25 c A 125 d B
FTS MAUA RR 5.00 b A 350 ¢ A 2.00 d B 150 d B
FTS MAMBORE RR 1.50 d B 500 b A 1.50 d B 125 d B
CD 202 5.75 b A 400 ¢ A 5.00 a A 150 d B
CD 206 3.00 c B 300 d B 5.75 a A 100 d C
CD 215 7.50 a A 300 d B 3.50 c B 100 d C
CD 216 1.75 d B 425 b A 3.00 c A 150 d B
CD 221 2.25 d B 3.75 c A 2.00 d B 100 d B
CD 224 3.75 c A 250 d B 5.25 a A 200 ¢ B
CD 206 RR 3.50 c A 300 d A 2.25 d A 100 d B
CD 213 RR 2.75 c B 6.25 a A 4.00 b B 600 a A
CD 214 RR 1.50 d B 400 ¢ A 5.25 a A 225 ¢ B
CD 226 RR 1.75 d B 425 b A 4.50 b A 200 ¢ B
CD 231 RR 6.50 a A 225 d C 4.00 b B 450 b B
Continues

Continuation

CD 233 RR 7.25 a A 225 d B 2.75 c B 125 d B
CD 235 RR 4.75 b A 350 ¢ A 3.25 c A 100 d B
CD 236 RR 5.50 b A 500 b A 5.50 a A 125 d B
CD 239 RR 4.25 b A 475 b A 2.50 d B 150 d B
CD 241 RR 4.25 b A 550 b B 1.75 d B 325 b B
CD 248 RR 6.50 a A 525 b A 1.50 d B 100 d B
CD 249 RR 4.00 c A 550 a A 2.25 d B 125 d B
CD 250 RR 3.75 c A 400 ¢ A 1.75 d B 150 d B
EMBRAPA 48 3.25 c A 3.25 c A 4.00 b A 100 d B
BRS 184 3.50 c A 275 d A 2.00 d B 100 d B
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BRS 214 2.50 d A 275 d A 3.00 c A 125 d A
BRS 232 3.50 c A 250 d A 3.25 c A 100 d B
BRS 258 1.75 d B 450 b A 3.25 c A 175 d B
BRS 282 2.25 d B 675 a A 5.00 a A 600 a A
BRS 283 1.50 d C 500 b A 3.00 c B 100 d C
BRS 284 3.25 c A 425 b A 3.50 c A 100 d B
BRS 242 RR 1.25 d B 525 b A 5.00 a A 175 d B
BRS 243 RR 2.25 d B 400 ¢ A 450 b A 100 d B
BRS 245 RR 1.75 d B 450 b A 4.75 a A 200 ¢ B
BRS 246 RR 4.25 b B 6.00 a A 4.75 a B 325 b B
BRS 255 RR 7.00 a A 250 d B 3.25 c B 125 d C
BRS 256 RR 1.75 d B 325 ¢ A 425 b A 275 ¢ B
BRS 294 RR 3.75 c A 300 d A 250 b A 100 d B
BRS 295 RR 4.75 b A 475 b A 375 b A 100 d B
BRS 316 RR 4.75 b A 350 ¢ A 200 d B 100 d B
SPRING 1.75 d B 375 ¢ A 375 b A 175 d B
NK 3363 3.50 c B 500 b A 175 d B 300 ¢ B
SYN 3358 RR 1.50 d B 350 ¢ A 375 b A 225 ¢ B
NK 7054 RR 5.50 b A 600 a A 4.75 a A 100 d B
NK 7059 RR 6.00 a A 425 b B 3.25 c B 225 ¢ B
SYN 1059 RR 5.50 b A 475 b A 200 4 B 150 d B
TMG 4001 RR 5.00 b A 350 ¢ B 5.75 a A 100 d C
TMG 1066 RR 2.50 d B 475 b A 450 b A 225 ¢ B
MSOY 5942 3.00 c C 400 ¢ B 5.75 a A 175 d C
M 6009 RR 5.25 b A 325 ¢ B 400 b B 125 d C
M 6707 RR 4.50 b A 425 b A 225 d B 100 d B
NS 4823 RR 1.75 d B 500 b A 400 b A 300 ¢ B
NA 5909 RR 4.25 b A 450 b A 5.75 a A 100 d B
NA 6411 RR 6.25 a A 425 b B 425 b B 125 d C
NA 4725 RR 5.75 b A 325 ¢ B 3.50 c B 125 d C
A 7321 RR 6.75 a A 475 b B 5.25 a B 250 ¢ C
NA 4990 RR 1.75 d B 400 ¢ A 200 d B 500 a A
NS 5858 RR 6.25 a A 400 ¢ B 250 d C 125 d C
NS 6636 RR 5.00 b A 450 b A 200 d B 150 d B
NS 6262 RR 4.75 b A 525 b A 200 d B 275 ¢ B
NS 7100 RR 5.75 b A 400 ¢ B 2.75 c C 125 d C
EXP 11631 RR 2.75 c B 500 b A 150 d B 625 a A
EXP 11497 RR 3.25 c B 650 a A 175 d B 300 ¢ B
EXP 11920 RR 3.75 c B 525 b A 200 d C 575 a A
EXP 11026 RR 2.25 d B 550 a A 3.25 c B 250 ¢ B
EXP 11900 RR 1.50 d C 625 a A 3.00 c B 35 b B
FPS JUPITER RR 3.00 c B 550 a A 2.75 c B 350 b B
FPS URANO RR 5.75 b A 400 ¢ B 200 d C 225 ¢ C
Coefficient of variation (%) 33.61 %

* Means followed by the same letter do not differ according to the Scott-Knox test at 5% probability (A, B, C, D —rows; a, ¢, b, d —

columns).

The comparison of the results of the OA
method with the straw test revealed that many
genotypes exhibited similar behavior for both
methods (BMX APOLO RR, BMX MAGNA RR,
BMX ATIVA RR, BMX TURBO RR, FTS
CASCAVEL RR, FTS FENIX, FTS MAUA RR,
CD 202, CD 206, CD 206 RR, CD 235 RR, CD 236
RR, CD 239 RR, CD 248 RR, CD 249 RR, CD 250
RR, EMBRAPA 48, BRS 214, BRS 184, BRS 232,
BRS 284, BRS 294 RR, BRS 295 RR, BRS 316 RR,
NK 7054 RR, SYN 1059 RR, M 6707 RR, NA 5909
RR, NS 6636 RR and NS 6262 RR). However,

some genotypes (BMX TITAN RR, BMX
ENERGIA RR, BMX POTENCIA RR, FTS
CAMPO MOURAO, CD 215, CD 224, CD 231 RR,
CD 233 RR, CD 241 RR, BRS 255 RR, NK 7059
RR, TMG 4001 RR, M 6009 RR, NA 6411 RR, NA
4725 RR, A 7321 RR, NS 5858 RR, NS 7100 RR
and FPS URANO RR) showed more susceptibility
in relation to the OA method, and many other
genotypes (BMX FORCA RR, FTS MAMBORE
RR, CD 216, CD 221, CD 213 RR, CD 214 RR, CD
226 RR, BRS 258, BRS 282, BRS 283, BRS 242
RR, BRS 243 RR, BRS 245 RR, BRS 246 RR, BRS
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256 RR, SPRING, NK 3363, SYN 3358 RR, TMG
1066 RR, MSOY 5942, NS 4823 RR, NA 4990 RR,
EXP 11631 RR, EXP 11497 RR, EXP 11920 RR,
EXP 11026 RR, EXP 11900 RR and FPS JUPITER
RR) were more susceptible in relation to the straw
test.

Similarly, the comparison of the results of
the OA method with the detached leaf method
revealed that some genotypes exhibited similar
susceptibility (BMX TITAN RR, BMX ENERGIA
RR, BMX MAGNA RR, BMX FORCA RR, BMX
TURBO RR, FTS CASCAVEL RR, FTS FENIX,
FTS MAMBORE RR, CD 202, CD 221, CD 224,
CD 206 RR, CD 213 RR, CD 235 RR, CD 236 RR,
EMBRAPA 48, BRS 214, BRS 232, BRS 284, BRS
246 RR, BRS 294 RR, BRS 295 RR, NK 3363, NK
7054 RR, TMG 4001 RR, NA 5909 RR, NA 4990
RR, EXP 11631 RR, EXP 11497 RR, EXP 11026
RR and FPS JUPITER RR). However, in relation to
the OA method, many genotypes were more
susceptible (BMX POTENCIA RR, BMX ATIVA
RR, FTS CAMPO MOURAO RR, FTS MAUA RR,
CD 215, CD 231 RR, CD 233 RR, CD 239 RR, CD
241 RR, CD 248 RR, CD 249 RR, CD 250 RR,
BRS 184, BRS 255 RR, BRS 316 RR, NK 7059
RR, SYN 1059 RR, M 6009 RR, M 6707 RR, NA
6411 RR, NA 4725 RR, A 7321 RR, NS 5858 RR,
NS 6636 RR, NS 6262 RR, NS 7100 RR, EXP
11900 RR and FPS URANO RR), and many were
less susceptible (BMX APOLO RR, CD 206, CD
216, CD 214 RR, CD 226 RR, BRS 258, BRS 282,
BRS 283, BRS 242 RR, BRS 243 RR, BRS 245 RR,
BRS 256 RR, SPRING, SYN 3358 RR, TMG 1066
RR, MSOY 5942 RR, NS 4823 and EXP 11900)
than to the detached leaf method.

It was noted that the genotype response
varied according to the inoculation method used,
with the exception of the BMX TURBO RR, FTS
CASCAVEL RR and BRS 214 genotypes, which
exhibited constant levels of susceptibility (mid-low,
high and low respectively) regardless of the
inoculation method that was used.

In many cases the similarity between the
susceptibility of the methods was observed for
different genotypes, while the susceptibility of some
genotypes depended on the method that was used.
The inconsistence of the results obtained from the
different methods of S. sclerotiorum inoculation has
been shown in similar studies. Wegulo et al. (1998)
used four different techniques to assess the
susceptibility of soybean genotypes to S.
sclerotiorum in controlled conditions (detached leaf,
incidence of stem rot following mycelial inoculation
of foliage, lesion lengths on stems discolored by
oxalic acid, and levels of soluble pigment in stems)
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and they observed significant differences between
the methods for the 12 cultivars that were assessed.
Chen and Wang (2005) compared the results of
controlled environment assays with assays
conducted under field conditions and they observed
the same variability between the susceptibility of the
genotypes.

Comparing inoculation methodologies to
field condition assays, Vuong et al. (2004) showed
that the stem inoculation method using a mycelium
disc (stems severed with a sterile razor blade) had a
strong relationship with the field results, both in
soybean, beans and sunflower. Wegulo et al. (1998)
suggested that methods based on the determination
of levels of soluble pigments in stems and the
measurement of lesion lengths on stems discolored
by OA, were better and more reliable than the
mycelial inoculation of stems or foliage in
evaluating soybean cultivars because of their
repeatability and correlation with field results
regarding resistance to S. sclerotiorum.

Although some studies have compared
results obtained in the field with results obtained
under laboratory conditions (WEGULO et al, 1998;
VUONG et al, 2004; CHEN; WANG, 2005), only
Wegulo et al. (1998) conducted analyses in order to
show the relationship between the techniques of
inoculation to distinguish genotypes. They
concluded that the OA based method and detached
leaf method were better than the others.

The ranking of the cultivars varied
depending of the method (Table 5). It was noted that
some genotypes (CD 221, BRS 284, BRS 214, FTS
MAMBORE RR, BMX ATIVA RR, CD 206 RR,
BRS 232, BMX FORCA RR, BRS 283, CD 216 and
BRS 232) demonstrated the lowest levels of
susceptibility when compared to the mean ranking
mean of the other cultivars. By contrast, some
genotypes (NA 6411 RR, CD 202, CD 231 RR, NK
7054 RR, CD 236 RR, FTS CAMPO MOURAO
RR, CD 213 RR, BRS 246 RR, BRS 282 and A
7321 RR) presented high levels of susceptibility
when compared to the other genotypes that were
assessed.

According to Spearman’s coefficients of
rank correlation (r,) (Table 6), which was used to
measure the correspondence between the results
obtained from the severity index of the genotypes in
relation to the different methods, it was noticeable
that there was only a small significant correlation
between the straw test and the non- wounded stem
inoculation method. When comparing the other
methods, no correlation was observed, confirming
that the severities of the genotypes varied between
the methods.
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Table 5. Ranks of 77 soybean cultivars (1.00 = least susceptible, 26.00 = most susceptible) by four methods of
evaluation for susceptibility to Sclerotinia sclerotiorum (elaborated based on severity index).
Rank

s ’
Cultivars Oxalic acid Straw Detached leaf Stem Rank’s mean
CD 221 4 8 3 1 4.00
BRS 184 9 4 3 1 4.25
BRS 214 5 4 7 2 4.50
FTS MAMBORE RR 2 13 1 2 4.50
BMX ATIVA RR 8 7 3 1 4.75
CD 206 RR 9 5 4 1 4.75
BRS 232 9 3 8 1 5.25
BRS 294 RR 10 5 5 1 5.25
BMX FORCA RR 1 11 3 7 5.50
BRS 283 2 13 7 1 5.75
Continues
Continuation
CD 216 3 10 7 3 5.75
BMX MAGNA RR 6 7 10 1 6.00
CD 250 RR 10 9 2 3 6.00
BRS 316 RR 14 7 3 1 6.25
SPRING 3 8 10 4 6.25
SYN 3358 RR 2 7 10 6 6.25
BRS 258 3 11 8 4 6.50
EMBRAPA 48 8 6 11 1 6.50
BRS 243 RR 4 9 13 1 6.75
BRS 284 8 10 9 1 7.00
FTS MAUA RR 15 7 3 3 7.00
M 6707 RR 13 10 4 1 7.00
BRS 256 RR 3 6 12 8 7.25
CD 235 RR 14 7 8 1 7.50
NA 4990 RR 3 9 3 15 7.50
BMX TURBO RR 9 8 5 9 7.75
CD 206 7 5 18 1 7.75
CD 226 RR 3 10 13 5 7.75
CD 239 RR 12 12 5 3 8.00
CD 249 RR 11 15 4 2 8.00
NS 6636 RR 15 11 3 3 8.00
BRS 245 RR 3 11 14 5 8.25
CD 214 RR 2 9 16 6 8.25
NK 3363 9 13 2 9 8.25
BRS 242 RR 1 14 15 4 8.50
CD 224 10 3 16 5 8.50
CD 233 RR 24 2 6 2 8.50
EXP 11026 RR 4 15 8 7 8.50
BMX POTENCIA RR 13 2 6 14 8.75
FTS FENIX 14 11 8 2 8.75
M 6009 RR 16 6 11 2 8.75
NA 4725 RR 18 6 9 2 8.75
NS 7100 RR 18 9 6 2 8.75
SYN 1059 RR 17 12 3 3 8.75
BRS 255 RR 23 3 8 2 9.00
FPS URANO RR 18 9 3 6 9.00
NS 4823 RR 3 13 11 9 9.00
NS 5858 RR 20 9 5 2 9.00
TMG 1066 RR 5 12 13 6 9.00
BRS 295 RR 14 12 10 1 9.25
CD 248 RR 21 14 1 1 9.25
EXP 11497 RR 8 18 2 9 9.25
EXP 11900 RR 2 17 7 11 9.25
EXP 11631 RR 6 13 1 18 9.50
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MSOY 5942 7 9 18 4 9.50
CD 241 RR 12 15 2 10 9.75
FPS JUPITER RR 7 15 6 11 9.75
NS 6262 RR 14 14 3 8 9.75
BMX APOLO RR 1 4 16 19 10.00
CD 215 25 5 9 1 10.00
FTS CASCAVEL RR 7 9 13 11 10.00
TMG 4001 RR 15 7 18 1 10.25
NA 5909 RR 12 11 18 1 10.50
BMX ENERGIA RR 17 1 12 13 10.75
BMX TITAN RR 18 1 12 12 10.75
EXP 11920 RR 10 14 3 16 10.75
NK 7059 RR 19 10 8 6 10.75
NA 6411 RR 20 10 12 2 11.00
Continues
Continuation
CD 202 18 9 15 3 11.25
CD 231 RR 21 2 11 13 11.75
NK 7054 RR 17 16 14 1 12.00
CD 236 RR 17 13 17 2 12.25
FTS C. MOURAO RR 26 11 8 5 12.50
CD 213 RR 6 17 11 17 12.75
BRS 246 RR 12 16 14 10 13.00
BRS 282 4 19 15 17 13.75
A 7321 RR 22 12 16 7 14.25

Table 6. Spearman’s rank correlation between the susceptibility of genotypes to the four different methods of

inoculation (severity index).

Oxalic Acid Detached leaf Stem
Oxalic acid - -0.06 -0.20
Straw -0.14 0.27*
Detached leaf - 0.04
Stem -

* Significant according to the Spearman’s rank correlation coefficient (r;) at 5% probability.

Although the ranking of cultivars varied
among the methods, significant and higher
Spearman’s coefficient of rank correlation (r,) were
observed between all the methods that were utilized,
demonstrating that these four methods, including the

OA method, were efficient in determining
differences between the genotypes to S.
sclerotiorum, achieving very similar ranking (Table
7). Wegulo et al. (1998) used t ranking correlation
analyses but did not find significant results.

Table 7. Spearman’s rank correlation between the ranks of 77 cultivars assessed in four different methods of

inoculation (severity index).

Oxalic Acid Detached leaf Stem
Oxalic acid - 0.92* 0.89%*
Straw 0.95* 0.95%
Detached leaf - 0.95*
Stem -

* Significant according to the Spearman’s rank correlation coefficient (r;) at 5% probability.

Several techniques have been developed to
distinguish the susceptibility of soybean genotypes
to S. sclerotiorum. Some of them used ascospores as
inoculum source (GARCIA; JULIATTI, 2012), and
many used mycelia as inoculum (AUCLAIR et al.,
2004; CHEN; WANG, 2005; SAGATA, 2010;
BASTIEN et al., 2012), as were three of the

methods analyzed here. These methodologies
require a process to obtain the inoculum to be used,
which is laborious and time-consuming, especially
for the methodologies that use ascospores as
inoculum (KULL et al., 2003). OA based methods
have been used by some authors to obtain a positive
correlation with at least one traditional method that
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used fungal inoculation, and they were efficient in
comparing soybean genotypes (WEGULO et al,
1998), as well as many common bean genotypes
(KOLKMAN; KELLY, 2000; ANTONIO et al.,
2008; GONCALVES; SANTOS, 2010).

The OA method used in the present study
was efficient to compare the susceptibility of the
soybean genotypes and it can be considered
adequate to determine soybean genotype differences
because it achieved equivalent ranking results
compared to traditional methods. In addition, the
OA method does not use a fungal inoculum, does
not require fungal isolation, does not require
medium preparation or fungal incubation, and is
independent of the difference in the pathogenicity of
isolates (KULL et al., 2003; LI et al., 2003).
Furthermore, this method evaluated the
susceptibility at 20 hours after incubation, much
earlier than the other methods. These advantages
make the OA method time-saving, less laborious
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and, consequently, less expensive than the others
methods analyzed here. Thus, this study presented
the potential of the OA method for pre-screening of
soybean breeding material for susceptibility to white
mold.
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RESUMO: O mofo branco causado pelo fungo Sclerotinia sclerotiorum é uma doenga importante na cultura da

soja. A utilizacdo de gendtipos menos suscetiveis pode ser uma estratégia interessante no manejo desta doenca, € o
desenvolvimento de um método de inocula¢do adequado para a soja € de grande valia para a discriminagdo de genotipos
resistentes. O presente estudo objetivou avaliar a suscetibilidade de 77 genétipos de soja baseado na reacdo destes ao dcido
oxdlico, bem como através de trés métodos tradicionais (folha destacada, inoculagdo na haste sem ferimento e utilizando
ponteiras de micropipeta), a fim de verificar os resultados obtidos com o teste do dcido oxdllico e correlagdes entre
métodos. A suscetibilidade dos gendtipos ao 4cido oxdlico foi avaliada através de uma chave de escores de murchamento.
Para os demais métodos, a severidade de ataque do patdgeno foi avaliada. Para permitir a comparacio entre metodologias,
os resultados obtidos para os gendtipos foram organizados em classes, e um indice de severidade foi utilizado para
representar os individuos de cada classe. Todos os métodos foram eficientes na diferencia¢do de gendtipos de soja quanto
a suscetibilidade a S. sclerotiorum, entretanto, o comportamento dos genétipos variou conforme o método empregado. Nao
foi observada relacdo entre as severidades e escores de murchamento obtidos com as metodologias, porém, os
ranqueamentos dos gendtipos obtidos dos diferentes métodos apresentaram forte correlacdo. O método baseado na reagdo
ao 4cido oxdlico foi o mais rdpido, menos trabalhoso e de menor custo dentre os métodos utilizandos neste trabalho.

PALAVRAS-CHAVE: Glycine max. Patégeno. Resisténcia. Sclerotinia sclerotiorum.
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