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ABSTRACT. Sclerotinia sclerotiorum 1is an important soybean
pathogen. The objectives of this study were to evaluate levels of
resistance of soybean genotypes to the fungus, and to determine the
effects of different incubation environments on host resistance and
pathogen aggressiveness. Two experiments were conducted using 103
genotypes from the seed collection of Laboratério de Desenvolvimento
de Germoplasma, Universidade Federal de Uberlandia (LAGER-UFU).
The first experiment was conducted in a greenhouse, and the second
in a growth chamber. Inoculations were performed by the straw test
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method using two Brazilian isolates of the fungus, one from Uberaba,
Minas Gerais, and the other from Jatai, Goias. The average stem-lesion
length (cm) at 5 days post-inoculation was used to determine levels of
resistance. Overall, the most resistant genotype was EMGOPA-316, and
the most susceptible genotype was LAGER-29. Incubation in a growth
chamber and use of the Jatai isolate generated the most reliable data,
and multivariate analysis indicated that the genotypes were divergent
under the growth chamber conditions. Therefore, when studying host
resistance of soybean genotypes to S. sclerotiorum, it is important to use
environmental conditions favorable to the fungus and aggressive isolates.

Key words: White mold; Genetic variability; Plant breeding;
Inoculation; Host resistance and pathogen aggression;
Incubation environments

INTRODUCTION

White mold disease is caused by the necrotrophic fungus Sclerotinia sclerotiorum
(Lib.) de Bary and is of economic importance in many regions of the world. This disease
was first identified in Brazil in Sdo Paulo State on a potato farm in 1921 (Chaves, 1964).
From there, the disease spread across the country and has been found in the south,
southeast, central west, and northeast regions. In an infected field, the damage caused by
this fungal pathogen may vary from 30 to 100% if no preventative measures are adopted
(Chaves, 1964; Henning, 2004; Juliatti et al., 2013).

Favorable environmental conditions for infection include high humidity, low
temperatures (10°-21°C) and, in some cases, altitudes above 800 m. Another important factor
in the control of infection is the wide host range of the fungus, which includes many weeds.
For example, crop rotation is more challenging with a pathogen like S. sclerotiorum as it
infects many popular dicot crops including soybean, cotton, common bean, potato, tomato,
and peas (Juliatti and Juliatti, 2010).

In soybean, infection occurs during the flowering period, as ascospores infect
flowers, and detached infected flowers inoculate the leaves, where the mycelium may
continue to spread throughout the parts of the plants that are above ground level, including
colonization of the pods until the end of the grain-fill period (Juliatti et al., 2015; Furlan,
2015). The management of S. sclerotiorum is difficult; it is almost impossible to eradicate
contaminated areas, and highly effective control measures have not yet been developed.
The current recommendation for control is an integrated management approach, which
includes cultural practices, biological agents, chemical sprays, and partially resistant
genetic material (Cunha et al., 2010; Bastien et al., 2014).

As with most plant diseases, the best way to control white mold would involve the
use of genetically resistant plants. However, currently, there are no known soybean genotypes
with 100% resistance to S. sclerotiorum, and soybean breeding for resistance to this pathogen
is challenging owing to genetic complexity and low heritability (Hoffman et al., 1998). Only
a few genotypes have been identified with enhanced resistance to this fungus, and there is
often a poor correlation between resistance as evaluated in a lab or greenhouse, and the actual
resistance observed in the field (Hoffman et al., 1998; Kim et al., 2000; Juliatti et al., 2013).
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The objective of this study was to identify additional soybean genotypes with
enhanced resistance to S. sclerotiorum, which may be of use to producers and scientists in
breeding programs. Identification was accomplished through the phenotypic evaluation of
resistance under different incubation environments following the inoculation of the plant with
two different fungal isolates.

MATERIAL AND METHODS
Location and time of the experiments

The experiments were carried out in Laboratério de Micologia e Prote¢do de Plantas
(LAMIP) and in the phytopathology greenhouse at Universidade Federal de Uberlandia (UFU)
in Uberlandia, Minas Gerais, Brazil, during 2014 and 2015.

Germplasm and sowing

The genotypes used in this study included 101 soybean lines developed by Laboratério
de Desenvolvimento de Germoplasma of UFU (LAGER-UFU), coded LAGER-03 to
LAGER-103. The genealogy of these genotypes is described in Table 1. They originated from
double crossovers and the population was obtained by pedigree or genealogical breeding
methods. In addition, the resistant genotype EMGOPA-316 (Garcia and Juliatti, 2012) and the
highly susceptible genotype M7908RR were utilized as controls (Juliatti et al., 2013)

In the first experiment, the genotypes were sown in 500-mL plastic cups filled with
a 1:1 soil:sand mixture. In the second experiment, the genotypes were sown in 72-cell trays
(approximately 250-mL volume) containing Plantmax® organic plant growth substrate.

S. sclerotiorum isolate growth, inoculation, and scoring

The fungal isolates were obtained from sclerotia collected in soybean production fields
located in the municipalities of Uberaba in the State of Minas Gerais, and Jatai in the State of
Goias (Garcia and Juliatti, 2012). The sclerotia were disinfested by soaking for 30 s in alcohol
(50% v/v), followed by 30 s in sodium hypochlorite (0.5% v/v), and were subsequently rinsed
three times with sterile distilled water. After this procedure, the sclerotia were incubated on
Petri dishes containing potato dextrose agar (PDA) at 22° + 3°C with a photoperiod of 12 h to
encourage myceliogenic germination. The straw test (Petzoldt and Dickson, 1996) was used
to inoculate plants that were at the V3-V4 growth stage. After the fungal mycelia had grown
across the entire surface of the 90-cm diameter Petri plates (about 4-5 days), ~5-mm diameter
discs (obtained using the wide end of a 200-pL pipette tip) of PDA containing fungal mycelia
were placed securely on a freshly cut stem, with the stem placed into the inoculum plug within
the pipette tip. In one experiment, carried out between October and November 2014, the plants
were inoculated with each isolate in the Instituto de Ciéncias Agrarias of UFU greenhouse.
The experimental design was randomized blocks with five replicates, with each plot comprised
of a plant. In the other experiment, carried out between January to February 2015, the plants
were inoculated with the Jatai isolate and incubated within a growth chamber at LAMIP-
UFU, with a temperature of 22° + 3°C and a 12-h photoperiod. The experimental design was
completely randomized with five replicates, and each plot comprised of a plant.

Genetics and Molecular Research 15 (4): gmr15049061



Table 1. Genealogy of the genotypes.

L.H.S. Castro et al.

Genotype Genealogy Genotype Genealogy

LAGER-03 BRS Luziania RR - Selection 1 LAGER-54 | F5:6 BRS Luziana x Potenza
LAGER-04 BRS Luziania RR - Selection 2 LAGER-55 | F5:6 Luziania x Impacta
LAGER-05 BRS Luziania RR - Selection 3 LAGER-56 | F5:6 Luziania x Impacta
LAGER-06 BRS Luziania RR - Selection 4 LAGER-57 | F5:6 BRS Caiaponia x IAC 100
LAGER-07 BRS Luziania RR - Selection 5 LAGER-58 | F5:6 BRS Caiaponia x IAC 100
LAGER-08 BRS Luziania RR - Selection 6 LAGER-59 | F5:6 BRS Caiaponia x IAC 100
LAGER-09 Emgopa 316 RR - Selection 1 LAGER-60 | F5:6 Caiaponia x Potenza
LAGER-10 Emgopa 316 RR - Selection 3 LAGER-61 | F5:6 Caiaponia x Potenza
LAGER-11 Emgopa 316 RR - Selection 4 LAGER-62 | F5:6 BRS Caiaponia x IAC 100
LAGER-12 BRS Caiaponia - Selection LAGER-63 | F5:6 BRS Caiapdnia x IAC 100
LAGER-13 F5:6 BRS Luziania x Potenza LAGER-64 | F5:6 Caiaponia x Potenza
LAGER-14 F5:6 BRS Caiaponia x IAC 100 LAGER-65 | F5:6 BRS Caiaponia x IAC 100
LAGER-15 F5:6 BRS Luzidna x Potenza LAGER-66 | F5:6 BRS Luziana x Potenza
LAGER-16 F5:6 BRS Luziéna x Potenza LAGER-67 | F5:6 BRS Caiaponia x IAC 100
LAGER-17 F5:6 BRS Luzidna x Potenza LAGER-68 | F5:6 BRS Caiaponia x IAC 100
LAGER-18 F5:6 BRS Caiaponia x IAC 100 LAGER-69 | F5:6 BRS Caiaponia x IAC 100
LAGER-19 F5:6 BRS Caiaponia x IAC 100 LAGER-70 | F5:6 BRS Caiaponia x IAC 100
LAGER-20 F5:6 BRS Luziana x Potenza LAGER-71 F5:6 BRS Luziéna x Potenza
LAGER-21 F5:6 BRS Luzidna x Potenza LAGER-72 | F5:6 BRS Luziana x Potenza
LAGER-22 F5:6 BRS Luziana x Potenza LAGER-73 | F5:6 BRS Caiaponia x IAC 100
LAGER-23 F5:6 BRS Caiapdnia x IAC 100 LAGER-74 | F5:6 BRS Caiaponia x IAC 100
LAGER-24 F5:6 BRS Caiaponia x IAC 100 LAGER-75 | F5:6 BRS Caiaponia x IAC 100
LAGER-25 F5:6 BRS Caiapdnia x IAC 100 LAGER-76 | F5:6 BRS Caiaponia x IAC 100
LAGER-26 F5:6 BRS Caiaponia x IAC 100 LAGER-77 | F5:6 BRS Caiaponia x IAC 100
LAGER-27 F5:6 BRS Caiaponia x IAC 100 LAGER-78 | F5:6 BRS Caiaponia x IAC 100
LAGER-28 F5:6 BRS Caiaponia x IAC 100 LAGER-79 | F5:6 BRS Caiaponia x IAC 100
LAGER-29 F5:6 BRS Luziana x Potenza LAGER-80 | F5:6 BRS Luziana x Potenza
LAGER-30 F5:6 BRS Luziana x Potenza LAGER-81 | F5:6 Luziania x Impacta
LAGER-31 F5:6 BRS Luzidna x Potenza LAGER-82 | F5:6 Luziania x Impacta
LAGER-32 F5:6 BRS Luzidna x Potenza LAGER-83 | F5:6 BRS Luziana x Potenza
LAGER-33 F5:6 BRS Santa Cruz x Potenza LAGER-84 | F5:6 BRS Luziana x Potenza
LAGER-34 F5:6 BRS Santa Cruz x Potenza LAGER-85 | F5:6 Caiaponia x Potenza
LAGER-35 F5:6 BRS Luzidna x Potenza LAGER-86 | F5:6 BRS Luziana x Potenza
LAGER-36 F5:6 BRS Luziana x Potenza LAGER-87 | F5:6 BRS Luziana x Potenza
LAGER-37 F5:6 BRS Caiapdnia x IAC 100 LAGER-88 | F5:6 BRS Luziana x Potenza
LAGER-38 F5:6 BRS Santa Cruz x IAC100 LAGER-89 | F5:6 BRS Luziana x Potenza
LAGER-39 F5:6 BRS Santa Cruz x IAC100 LAGER-90 | F5:6 Caiaponia x Potenza
LAGER-40 F5:6 Luziania x Impacta LAGER-91 | F5:6 Caiaponia x IAC100
LAGER-41 F5:6 Luziania x Impacta LAGER-92 | F5:6 Caiaponia x IAC100
LAGER-42 F5:6 Luziania x Impacta LAGER-93 | F4 RC4.12 x MSOY 9350
LAGER-43 F5:6 BRS Luziana x Potenza LAGER-94 | F5:6 Caiaponia x IAC100
LAGER-44 F5:6 BRS Luziana x Potenza LAGER-95 | F5:6 BRS Luziana x Potenza
LAGER-45 F5:6 BRS Caiapdnia x IAC 100 LAGER-96 | F5:6 BRS Luziana x Potenza
LAGER-46 F5:6 BRS Caiapdnia x IAC 100 LAGER-97 | F5:6 BRS Luziana x Potenza
LAGER-47 F5:6 BRS Caiaponia x IAC 100 LAGER-98 | F5:6 BRS Luziana x Potenza
LAGER-48 F5:6 Caiap6nia x Potenza LAGER-99 | F5:6 Luziania x Impacta
LAGER-49 F5:6 Caiaponia x Potenza LAGER-100 | F5:6 BRS Luziana x Potenza
LAGER-50 F5:6 Caiaponia x Potenza LAGER-101 | F5:6 BRS Luziana x Potenza
LAGER-51 F5:6 BRS Caiapdnia x IAC 100 LAGER-102 | F5:6 BRS Luziana x Potenza
LAGER-52 F5:6 BRS Caiaponia x IAC 100 LAGER-103 | F5:6 Caiaponia x IAC100
LAGER-53 F5:6 Luziania x Impacta

1996; Singh and Teran, 2008).
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Statistics and genetic parameters

For the greenhouse study, a joint analysis of the average lesion length (cm) of five
replicates from both isolates (Uberaba and Jatai) was performed using analysis of variance
(P < 0.05) and the Scott-Knott test (P < 0.05). The genotypes and isolates were considered
as fixed effects in the joint analysis statistical model. The residual variants obtained in the
individual analyses were verified for the existence of homogeneity by performing a grouped
analysis by the range between the biggest and the lowest mean square, adopting a value of 7
as the standard, followed by a Scott-Knott test (P < 0.05). For the growth chamber study, the
average lesion length (cm) of five replicates was used in analysis of variance (P < 0.05) and an
individual analysis by the Scott-Knott test (P < 0.05).

Genetic parameters associated with lesion length (cm) were analyzed to determine the
genotypic coefficient (h?), and the range of the genetic variation coefficient was determined by
the environmental variation coefficient (CVg/CVe) for both experiments and isolates.

The genetic parameters of the average lesion length were estimated by analysis of
variance:

ég ~_ OMT - OMR
r
(Equation 1)

2 _ ¢Ag
H - OMT/r

where,: ;ig is the quadratic genetic component; H- is the coefficient of genotypic determination;
OMT is the mean square of the treatment (genotype); OMR is the mean square of the residue;
and 7 is the number of replicates (five).

To verify the genetic divergence of the genotypes, a multivariate analysis was
performed on the average lesion length. Data on the average lesion length obtained from the
greenhouse and growth chamber experiments were subjected to multivariate analysis. Data
were standardized:

Xij
X, =—2 i
T Xi' (Equation 2)

where, X; is the standardized mean of the i genotype of the j experiment; X, is the i genotype
of the /" experiment, original data; and s(X), is the standard deviation. '

The dissimilarity measure between the genotypes was obtained by standardized mean
Euclidean distance:

2
dy = n C (xij_xi' j) (Equation 3)

where, d_.is the mean Euclidean distance between the i and i” genotype; X, is the value of the
average lesion size in i genotype; x, is the value of the average lesion size in i’ genotype; 7 is
the number of variables (number of experiments).

The unweighted pair group method with arithmetic mean (UPGMA) method was used.
The tree dendrogram was established by the genotypes with the highest similarity, wherein the
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distance between genotype k and the group formed by the i and j genotypes was given by:

d L‘ i (Equation 4)
= uation
(e~ 2 1

Tocher’s grouping method was performed using the dissimilarity matrix. The first
group consisted of genotypes with low dissimilarity measures. Posteriorly, other genotypes
were included in this group by comparing the increase in the average value of the distance
within the group and a maximum level allowed predetermined (0) of the dissimilarity measure
that was found in the set of shorter distances involving each genotype. The inclusion of each
genotype was determined by:

d . :
(group)k < g k genotype is included in the group; and
n

(Equation 5)

d
—terowk . 9 k genotype is not included.

where n = number of genotypes from the original group.
The distance between the & genotype and the group formed by the i and j genotype was given
by:

d(ij) y=d, + djk (Equation 6)

All statistical analyses were performed using the program GENES (Cruz, 2013).
RESULTS AND DISCUSSION
Greenhouse experiment

In the greenhouse study, the genotypes that showed the highest level of resistance
when inoculated with the Uberaba isolate were EMGOPA-316, LAGER-05, LAGER-08,
LAGER-10, LAGER-13, LAGER-14, LAGER-38, LAGER-52, LAGER-62, and
LAGER-87 (Table 1). Line LAGER-08 was found to be the most resistant in that study,
followed closely by EMGOPA-316 and LAGER-10. Of these 10 genotypes most resistant
to the Uberaba isolate, four (EMGOPA-316, LAGER-08, LAGER-10, and LAGER-52)
were also the most resistant when inoculated with the Jatai isolate, which is a more
aggressive isolate (Juliatti et al., 2014) in the greenhouse study (Table 1). The genotypes
LAGER-62 and LAGER-87 were also fairly resistant when inoculated with the Jatai
isolate, and were the second most-resistant group; however, the other four genotypes that
showed good resistance to the Uberaba isolate, were highly susceptible when challenged
with the Jatai isolate.

Genetics and Molecular Research 15 (4): gmr15049061
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Although the main focus of this study was to characterize host resistance, variability
between two pathogen isolates was also observed. The variability of S. sclerotiorum isolates
has been previously characterized relative to the infectious process of the pathogen in host
plants (Lumsden, 1979; Williams et al., 2011). Possible differences between isolates include
their ability to respond to specific environmental factors, variable levels of oxalic acid
production, type and quantity of secreted plant-cell-wall-degrading enzymes, and variation
in secreted effector proteins. Other studies have also found that the majority of the cultivars
evaluated in S. sclerotiorum disease screening showed variability in their susceptibility to the
pathogen (Garcia and Juliatti, 2012).

In the present study, the most susceptible genotype was M7908RR, with an average
lesion length induced by S. sclerotiorum of 5.46 cm (Uberaba isolate) and 5.54 cm (Jatai
isolate). The M7908RR genotype was also among the most susceptible group identified in the
study of Juliatti et al. (2013).

Growth chamber experiment

After we determined that the isolate from Jatai was statistically more aggressive than
that from Uberaba, a second experiment was conducted, which involved inoculating the same
genotypes with only the Jatai isolate, and then incubating in a controlled environment within a
growth chamber (20° = 2 °C). Following inoculation with the Jatai isolate and a 5-day incubation
period, the average length of lesions induced by S. sclerotiorum was 5.44 cm (Table 2).

Statistical analysis separated the genotypes into seven groups, a-g (Table 2). The most
resistant genotypes were EMGOPA-316 and LAGER-10, with average lesion sizes of 0.20 and
1.60 cm, respectively. The two genotypes in the next most resistant group were LAGER-45
and LAGER-11, with average lesion lengths of 1.94 and 2.70 c¢m, respectively. Four genotypes
formed the most susceptible group (Table 2): LAGER-25 (7.62 cm), LAGER-19 (7.86 cm),
LAGER-36 (7.92 cm), and LAGER-29 (8.44 cm).

Genetic parameters

To ascertain the reliability of genotype selection based on desirable traits, such as
disease resistance, it is important to determine some genetic parameters when evaluating
the desired phenotypic characteristics (Cruz et al., 2012). For our data, the coefficient
of genotypic determination (h?) expressed phenotypic variability for mean lesion length
(cm). The phenotypic measurement can be used as an indicator of the genotypic grouping
value (Ramalho et al., 2012) if the value is greater than 70% (Cruz et al., 2012), which
indicates that the phenotypic variability is predominantly of a genetic origin (assuming
fixed effects and homozygous genotypes). The estimated value for h* from the experiment
conducted in the greenhouse with the Uberaba isolate was 76.74, with the Jatai isolate was
91.92, and the value from the joint analysis was 91.86 (Table 2). Estimated h? from the
experiment conducted in the growth chamber using the Jatai isolate was 94.79 (Table 1).
The calculated h? values suggest that the growth chamber environment contribution more
to the evaluation of resistance than the greenhouse environment.

Another genetic parameter that can assist in the selection process is the ratio of the
genetic variation coefficient to the variation coefficient (CVg/CVe), if this value is higher than
1.0 (Ramalho et al., 1993).
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Table 2. Average size of the lesion (cm) in soybean genotypes following inoculation with different isolates of

Sclerotinia sclerotiorum and incubated under different environments.

Genotypes Average lesion size (cm)’
Greenhouse! Growth chamber'

Uberaba Jatai Genotypes Jatai
EMGOPA-316 1.364 1.5040 EMGOPA-316 0.20?
LAGER-05 2307 3.388¢ LAGER-10 1.60°
LAGER-08 1.2842 2.06M LAGER-11 2.70°
LAGER-10 1,520 1.38%2 LAGER-45 1.94°
LAGER-13 2.244% 3.588¢ LAGER-05 3.68¢
LAGER-14 2.504 3.928¢ LAGER-09 3.70¢
LAGER-38 1.9842 4.1654 LAGER-14 3.70¢
LAGER-52 2,044 1.74% LAGER-16 3.54¢
LAGER-62 2.244% 2.76A° LAGER-18 3.74¢
LAGER-87 2.2242 2.284A0 LAGER-22 3.62¢
LAGER-04 3.10%° 3.544¢ LAGER-24 3.80¢
LAGER-06 2.56A° 3.30¢ LAGER-58 3.78¢
LAGER-07 3.10% 3.784A¢ LAGER-60 3.82¢
LAGER-09 2.824b 3.304¢ LAGER-68 3.88¢
LAGER-11 2.72A% 2.56A LAGER-78 3.98¢
LAGER-12 3.56%° 2.824b LAGER-79 3.98¢
LAGER-15 2.86° 3.64%¢ LAGER-81 3.90¢
LAGER-16 2,660 3.324¢ LAGER-101 3.32¢
LAGER-17 2.9240 3.30% LAGER-08 5.12¢
LAGER-18 3.0240 3.524¢ LAGER-26 4.524
LAGER-19 2.944Ab 3.724¢ LAGER-32 4369
LAGER-20 3.46%° 3.804¢ LAGER-33 5.224
LAGER-23 3.5240 4,167 LAGER-40 4369
LAGER-26 3.2440 3.46%¢ LAGER-42 5.244
LAGER-27 3.46%° 5.248¢ LAGER-46 4.484
LAGER-28 2.924b 3.36M¢ LAGER-48 4.624
LAGER-29 2.8840 3.024¢ LAGER-49 4.544
LAGER-30 2.96° 3.324¢ LAGER-50 4.324
LAGER-32 3.1440 3.924¢ LAGER-52 4.424
LAGER-33 2.644Ab 2.424b LAGER-57 4.584
LAGER-34 3.4870 3.944¢ LAGER-62 5.104
LAGER-35 3.10%0 3.684¢ LAGER-63 4.724
LAGER-36 3.46%° 3.724¢ LAGER-65 4.844
LAGER-39 3.3840 3.867¢ LAGER-69 4.344
LAGER-53 3.2240 3.604¢ LAGER-73 4.284
LAGER-54 2.70° 3.324¢ LAGER-75 5.20¢
LAGER-56 2.60A° 3.685¢ LAGER-76 4.704
LAGER-60 3.48%0 3.66%° LAGER-77 4.544
LAGER-61 3.18%° 3.42%¢ LAGER-80 4.344
LAGER-63 2.96A° 3.044¢ LAGER-85 4.964
LAGER-64 3.544b 3.944¢ LAGER-92 4.684
LAGER-65 3.004° 3.48%¢ LAGER-97 4.58¢
LAGER-66 3.46%° 3.804¢ LAGER-98 4.904
LAGER-67 3.40%0 4.024¢ LAGER-99 5.00¢
LAGER-73 3.0840 3.144¢ LAGER-103 5.18¢
LAGER-74 2.764° 2.864° LAGER-03 6.16¢
LAGER-75 2.8240 2.8440 LAGER-04 5.52¢
LAGER-76 3.224b 3.404¢ LAGER-12 5.42¢
LAGER-77 3.2840 2.884b LAGER-17 6.08°¢
LAGER-78 2.944Ab 4.5684 LAGER-20 5.76¢
LAGER-81 2.80A° 2.984Ab LAGER-23 5.70¢
LAGER-83 3.1240 3.384¢ LAGER-27 6.26¢
LAGER-85 3.26%0 4.20M LAGER-28 6.24¢
LAGER-86 3.16% 3.764¢ LAGER-31 6.42¢
LAGER-88 2.924b 3.501¢ LAGER-34 5.40°¢
LAGER-90 2.824b 3.40% LAGER-35 5.38¢
LAGER-95 3.3440 4.54B4 LAGER-37 6.02¢
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Table 2. Continued.
Genotypes Average lesion size (cm)’
Greenhouse! Growth chamber'

Uberaba Jatai Genotypes Jatai
LAGER-96 2.90A° 2.88A° LAGER-38 5.32¢
LAGER-97 3.024° 3.38A¢ LAGER-41 5.78¢
LAGER-99 3.08A° 3.444¢ LAGER-47 5.86°
LAGER-101 3.4440 3.70%¢ LAGER-51 5.74¢
LAGER-102 2.60A° 3.18%¢ LAGER-53 5.98¢
LAGER-103 3.0240 3.14%¢ LAGER-54 5.36¢
LAGER-03 3.74%¢ 3.567 LAGER-55 5.96°
LAGER-21 4.244¢ 4.587d LAGER-59 5.52¢
LAGER-22 3.66%° 5.24B¢ LAGER-66 5.92¢
LAGER-31 3.747¢ 4,467 LAGER-70 5.52¢
LAGER-40 4.084¢ 4.82Ad LAGER-71 5.82¢
LAGER-43 3.947¢ 3.947¢ LAGER-72 5.44¢
LAGER-47 3.847¢ 3.907¢ LAGER-74 5.98¢
LAGER-49 3.86%° 3.944A¢ LAGER-82 6.26°
LAGER-50 4.244¢ 4.820d LAGER-83 6.12¢
LAGER-51 3.74%¢ 4.26M LAGER-84 5.48¢
LAGER-55 3.64%° 3.644%¢ LAGER-86 5.56¢
LAGER-57 4.204¢ 6,048¢ LAGER-87 6.36°
LAGER-58 4.384A¢ 4,547 LAGER-88 6.22¢
LAGER-59 4.384A¢ 4,407 LAGER-89 6.28¢
LAGER-69 4.224¢ 4.84Ad LAGER-90 6.02°
LAGER-71 4.324¢ 4.984¢ LAGER-91 5.70¢
LAGER-72 4.04A¢ 5.16%¢ LAGER-93 5.96°
LAGER-79 4.08A¢ 4.487d LAGER-9%4 5.72¢
LAGER-80 3.70%¢ 3.924¢ LAGER-102 5.40¢
LAGER-82 4.424¢ 5.124¢ M7908RR 6.60"
LAGER-84 3.684¢ 3.64%¢ LAGER-06 6.521
LAGER-89 3.724¢ 4,167 LAGER-07 6.88"
LAGER-91 3.904¢ 4,607 LAGER-13 6.80"
LAGER-92 3.824¢ 4,407 LAGER-15 6.747
LAGER-93 3.94A¢ 3.967° LAGER-21 7.24°
LAGER-94 4.024¢ 3.96% LAGER-30 7.18"
LAGER-98 3.984¢ 4.62°d LAGER-39 6.66"
LAGER-100 3.747¢ 3.467 LAGER-43 6.78"
LAGER-24 4.80Md 5.147¢ LAGER-44 7.08"
LAGER-25 4.90M 5.487¢ LAGER-56 6.54"
LAGER-37 4.807d 5.104¢ LAGER-61 6.94"
LAGER-41 4.70Md 4,347 LAGER-64 7.42¢
LAGER-42 4,607 4,847 LAGER-67 6.58"
LAGER-44 5.22Ad 5.604¢ LAGER-95 7.14"
LAGER-45 4.724d 44274 LAGER-96 7.00"
LAGER-46 4.48M 5.08A¢ LAGER-100 6.66"
LAGER-68 5.208d 5.66%¢ LAGER-19 7.86¢
LAGER-70 4.96A 5.48%¢ LAGER-25 7.62¢
LAGER-48 5.184d 5.504¢ LAGER-29 8.44¢
M7908RR 5.46¢ 5.544¢ LAGER-36 7.92¢
Individual analysis
Average 3.42 3.86° 5.44
CV (%) 26.29 14.97 11.91
h? 76.74 91.92 94.79
CVg/CVe 0.82 1.51 1.90
Joint analysis
Average 3.64
CV (%) 20.77
h? 91.86
CVg/Cve 1.06

SAverage values followed by the same letter in a column do not differ statistically by the Scott-Knott test (P <
0.05); h%: coefficient of genotypic determination; CVg/CVe: ratio of the genetic variation coefficient to the variation
coefficient; environmental analysis of the experiments conducted in the greenhouse and growth chamber were
independent of each other. Yoint analysis of the average lesion size evaluated in greenhouse conditions inoculating
soybean plants with isolates from Uberaba and Jatai, with five replicates from each experiment; ‘simple analysis of
the average lesion size evaluated under growth chamber conditions following inoculation of soybean plants with
the isolate from Jatai, with five replicates.
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The estimates of CVg/CVe from the experiment conducted in the greenhouse was 0.82
(isolate from Uberaba), 1.51 (isolate from Jatai), and 1.06 (joint analysis of both isolates). The
growth chamber experiment (isolate from Jatai) gave the best CVg/CVe ratio, at 1.90. Based
on this genetic parameter, the experiment conducted in the growth chamber provided the most
reliable data to assess resistance to S. sclerotiorum.

Genetic diversity between soybean genotypes based on their resistance to S.
sclerotiorum by multivariate analysis

We analyzed data describing the average lesion length by a multivariate analysis of
genetic diversity using UPGMA. A dendrogram depicting relatedness (Figure 1) was then
generated for the experiments conducted in the greenhouse and growth chamber. This graphical
representation resulted from the dissimilarity of the genotypes based on disease susceptibility
as measured by lesion length in cm.

etodode srupamento . Lgago Uich i GrePGAIA)

Figure 1. Dendrogram illustrating the analysis of 103 soybean genotypes by the unweighted pair group method
with arithmetic mean (UPGMA). This graphical representation was obtained with the Euclidean distance from
the dissimilarity matrix of the supplement of simple coincidence of evaluations of the lesion size of both isolates
of Sclerotinia sclerotiorum by the evaluations carried out in a greenhouse (isolates from Uberaba and Jatai) and a
growth chamber (isolate from Jatai). Cophenetic correlation coefficient (r) = 0.7404.

Genetics and Molecular Research 15 (4): gmr15049061
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The cophenetic correlation coefficient (a value indicative of how well a dendrogram
agrees with the dissimilarities between the genotypes) was calculated as 0.7404. Barroso and
Artes (2003) indicated that a cophenetic correlation coefficient of 0.70 or higher is evidence
of'areliable dendrogram of genetic distances between the genotypes and the original matrix. A
line was drawn on the dendrogram at 47% dissimilarity in a subjective manner after verifying
points of high-level change in the graphical representation (Cruz et al., 2011). This arbitrary
cut at 47% dissimilarity divided the soybean genotypes into four major groups, as depicted in
Figure 1. It is clear that the genotype EMGOPA-316 was far superior in terms of resistance,
as it stood out as an outlier of the dataset, and was the sole member of its group (Figure 1).

The Tocher method is also used to group genotypes based on phenotypic diversity
(Rao, 1962). Using the same disease lesion phenotypic data that was used in the UPGMA
method (Figure 1), the Tocher method generated five groups (Table 3). These were not as
evenly divided as those generated using the UPGMA method, as there was one very large group
containing 92 members (of 103), and four very small groups consisting of only seven, two, or
one member. Interestingly, the Tocher method also separated the genotype EMGOPA-316 into
its own, single member group.

Table 3. Grouping of 103 soybean genotypes by the Tocher optimization method using Euclidian distance,
which was used as the genetic distance. This was obtained from data on average lesion size (cm) following
inoculation with different isolates of Sclerotinia sclerotiorum evaluated in different incubation environments
(greenhouse and growth chamber).

Group Genotypes

1 LAGER-03, LAGER-04, LAGER-05, LAGER-06, LAGER-07, LAGER-09, LAGER-10, LAGER-11, LAGER-12,
LAGER-13, LAGER-14, LAGER-15, LAGER-16, LAGER-17, LAGER-18, LAGER-19, LAGER-20, LAGER-21,
LAGER-22, LAGER-23, LAGER-24, LAGER-26, LAGER-27, LAGER-28, LAGER-29, LAGER-30, LAGER-31,
LAGER-32, LAGER-33, LAGER-34, LAGER-35, LAGER-36, LAGER-37, LAGER-38, LAGER-39, LAGER-40,
LAGER-41, LAGER-42, LAGER-43, LAGER-46, LAGER-47, LAGER-49, LAGER-50, LAGER-51, LAGER-53,
LAGER-54, LAGER-55, LAGER-56, LAGER-58, LAGER-59, LAGER-60, LAGER-61, LAGER-62, LAGER-63,
LAGER-64, LAGER-65, LAGER-66, LAGER-67, LAGER-69, LAGER-71, LAGER-72, LAGER-73, LAGER-74,
LAGER-75, LAGER-76, LAGER-77, LAGER-78, LAGER-79, LAGER-80, LAGER-81, LAGER-82, LAGER-83,
LAGER-84, LAGER-85, LAGER-86, LAGER-87, LAGER-88, LAGER-89, LAGER-90, LAGER-91, LAGER-92,
LAGER-93, LAGER-94, LAGER-95, LAGER-96, LAGER-97, LAGER-98, LAGER-99, LAGER-100, LAGER-101,
LAGER-102, LAGER-103

M7908RR, LAGER-25, LAGER-44, LAGER-48, LAGER-57, LAGER-68, LAGER-70

LAGER-08, LAGER-52

EMGOPA-316

LAGER-45

W |wW|iN

Vogt et al. (2012) evaluated the resistance of 17 sunflower cultivars to white mold and
verified the presence of divergence and the formation of three distinct groups. Those authors
also applied the multivariate analysis of UPGMA and the Tocher optimization method and
canonical variables. However, in the majority of soybean studies, both analytical methods
have been applied. Arriel et al. (2006) suggested that the Tocher optimization method can be
used to supplement the UPGMA method.

Although identification of enhanced resistance to S. sclerotiorum in soybean might
not fully prevent loss in yield (Hoffman et al., 1998), any improvement in resistance, or delay
in disease progression, might make the difference between economic lost or profit. One such
soybean genotype, which is looking promising for incorporation in a breeding program of
S. sclerotiorum resistance, is EMGOPA-316. This genotype was at the top or near to the top
of the list of resistance in both studies reported here, as well as in other published studies
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(Juliatti et al., 2013, 2014). The EMGOPA-316 genotype also showed good resistance to S.
sclerotiorum under field conditions, in which the average lesion size was 2.75 cm (Juliatti et
al., 2013). The most susceptible genotype identified in the present studies was LAGER-29,
suggesting that this genotype could serve as a good susceptible control. The statistical
analyses conducted on these datasets determined that the evaluation of soybean genotype
resistance could be reliably conducted under our conditions in a growth chamber and using
the Jatai isolate. In order to perform studies on the host resistance of soybean genotypes
to S. sclerotiorum, the effect of environmental conditions on fungal infection should be
considered and aggressive isolates should be used.
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