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ABSTRACT: The expansion of cotton crop into irrigated and high lands of Brazilian Cerrado, despite the 
possibility of increasing fiber yield, led to the occurrence of diseases previously considered secondary, such as white mold 
[Sclerotinia sclerotiorum (Lib.) de Bary]. Host genetic resistance is of extreme importance in integrated strategies to 
manage this disease. Resistance of Brazilian cotton genotypes, challenged with different strains of S. sclerotiorum, under 
two incubation conditions for disease progress was evaluated. In addition, possible correlation between oxalic acid and 
straw test methods to rank the genotypes was evaluated. Artificial inoculation was done when cotton plants reached the V2 
phenological stage with fungi isolated from naturally infected soybean (ScS) or cotton (ScC) commercial crops. Control 
plants were inoculated with culture medium. After inoculation, plants were kept for one week either in a growth chamber 
or in greenhouse and evaluated for disease symptoms and severity. The oxalic acid test consisted of stem submersion of 
rootless cotton plants in a 2-cm layer of 20 or 40 mM solutions for 20, 44 or 68 h. A wilting scale was used to distinguish 
genotype’s sensibility to the acid. The data were submitted to individual, joint, and multivariate analysis, grouping cotton 
genotypes by the Scott-Knott's test (p < 0.05), the hierarchical UPGMA and the non-hierarchical Tocher methods. 
Difference in aggressiveness between strains was identified, in which ScC led to greater disease severity. This result 
suggests a possible physiological specialization of S. sclerotiorum to different hosts. It was observed that the growth 
chamber environment provided more adequate conditions for S. sclerotiorum infection, thus allowing better selection of 
resistant cotton genotypes. UPGMA and Tocher grouping methods further confirmed that the evaluated genotypes differ 
from each other in resistance to white mold. No correlation between oxalic acid and straw test methods was observed. 
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INTRODUCTION 
 

Upland cotton (Gossypium hirsutum L.) is 
one of the main crops domesticated by man 
(BELTRÃO; AZEVEDO, 2008), cultivated to 
supply fibers. Among the several diseases affecting 
this crop, white mold, caused by the fungus 
Sclerotinia sclerotiorum (Lib.) de Bary, is becoming 
more important in Brazil, the fifth greatest producer 
and responsible for 10.5% of global exportation of 
cotton fiber (SUASSUNA; COUTINHO, 2007; 
SUASSUNA, 2012; ABRAPA, 2017). Since its first 
report in 1996 in the county of Paracatu (state of 
Minas Gerais) (CHARCHAR; ANJOS; OSSIPI, 
1999), the disease became widespread in crops 
under central pivot and in high altitude areas, due to 
cotton susceptibility and favorable environmental 
conditions for pathogen development, such as mild 
temperatures (18-25 ºC), high air relative moisture 
(>90%) and altitudes above 800 m (ABAWI; 

GROGAN, 1979; BOLAND; HALL, 1994; 
CHITARRA, 2008). 

Symptomatic cotton plants present wilt, 
necrosis and rotting of stem, bolls, petioles and 
leaves. Whitish fungal mycelium can be found 
inside the bolls, with the sclerotia, dark colored 
resistance structures of irregular shape 
(CHARCHAR; ANJOS; OSSIPI, 1999; 
CHITARRA, 2007). Disease incidence and severity 
in the field can affect up to 30% of the crop 
production (SNA, 2014), with impact of up to 
$11.52 billion dollars. In this scenario, white mold 
has become detrimental to cotton cropping in Brazil, 
demanding constant attention from the farmer for 
proper management when the pathogen is found in 
the area (CHARCHAR; ANJOS; OSSIPI, 1999). 

Among the principles of plant protection, 
the use of cultivars with genetic resistance is 
considered as the best strategy to avoid crop losses 
due to diseases. Moreover, it presents low cost and 
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is environmentally sound due to the mitigation of 
pesticide spraying (SABATO; TEIXEIRA, 2015). 
The resistance mechanisms against white mold are 
associated both to morphological and to 
physiological characteristics of the host plant. Such 
mechanisms include barriers against pathogen 
penetration and, or, colonization (lignin deposition, 
tylose formation) and compounds able to suppress 
fungal development (phytoalexins, phenolic 
compounds, oxygen reactive species) 
(RODRIGUES et al., 2007; SCHWAN-ESTRADA; 
STANGARLIN; PASCHOLATI, 2008; ABO-
ELYOUSR; HASHEM; ALI, 2009; STANGARLIN 
et al., 2011; FREI, 2013). Although genetic 
resistance can be extremely important for integrated 
disease management, there are few studies related to 
the interaction cotton-Sclerotinia (CHITARRA, 
2007). There are proteomics, metabolomics and 
transcriptomics reports of the interactions 
Sclerotinia-Glycine max (L.) Merrill, Sclerotinia-
Phaseolus vulgaris L., Sclerotinia-Helianthus 
annuus L. and Sclerotinia-Brassica napus L. 
(PELUFFO et al., 2010; GARG et al., 2013; 
OLIVEIRA et al., 2015; CAO; XU; CAI, 2016; 
JOSHI et al., 2016a; WU et al., 2016). Even the 
selection of genes and genotypes resistant to the 
fungus overlook cotton while including alfalfa 
(PRATT; ROWE, 1991), peanut (AKEM; 
MELOUK; SMITH, 1992), sunflower (ACHBANI; 
DE LABROUHE; VEAR, 1994; BALDINI et al., 
2002; DAVAR et al., 2011), lentil (AKEM; 
BELLAR; BAYAA, 2006), peas (PORTER; 
HOHEISEL; COFFMAN, 2009), okra (FISCHER et 
al., 2014), canola (AHMADIFAR; DALIL, 2013; 
WU et al., 2013; JOSHI et al., 2016b), common 
beans (LEITE, 2014; ABREU, 2016) and soybeans 
(GARCIA; JULIATTI, 2012; BASTIEN; SONAH; 
BELZILE, 2014; JULIATTI et al., 2014; IQUIRA; 
HUMIRA; FRANÇOIS, 2015; CASTRO et al., 
2016; WEI et al., 2017).  

Most studies are done with inoculation of 
host plants using ascospore suspension of S. 

sclerotiorum (GARG et al., 2010; PELUFFO et al., 
2010; DAVIDSON et al., 2016) or fungal mycelia 
disks (WEGULO; YANG; MARTINSON, 1998; 
TERÁN et al., 2006; GARCIA; JULIATTI 2012; 
WU et al., 2013, 2016; OLIVEIRA et al., 2015; 
CASTRO et al., 2016; CAO; XU; CAI, 2016; 
JOSHI et al., 2016a, b; WEI et al., 2017). 
Alternatively, genotypes can be characterized 
according to their sensitivity to a solution of oxalic 
acid. This indirect method is faster, cheaper and less 
labor intensive, and has been successfully used in 
common beans, soybeans and sunflower 
(WEGULO; YANG; MARTINSON, 1998; 
KOLKMAN; KELLY, 2000; ANTÔNIO et al., 
2008; HÜLLER et al., 2016). The potential of its 
use in cotton still has to be elucidated. 

Presently, the scarcity of studies about the 
interaction Sclerotinia-cotton leave cotton farmers 
unsupported about recommendation of resistant 
cultivars for integrated management of white mold. 
Thus, this study evaluated resistance of Brazilian 
cotton genotypes to infection by S. sclerotiorum. 
Also, possible differences in aggressiveness of 
fungal strains (originally isolated from cotton or 
soybean plants), that could affect the process of 
selecting resistant cultivars, as well as the 
incubation environment for inoculated plants were 
studied, and the efficacy of the oxalic acid method 
for the evaluation of cotton resistance to white mold 
was analyzed. 

 
MATERIAL AND METHODS 
Cotton cultivation for inoculation 

Plants were grown in 0.5-L plastic pots 
filled with commercial substrate, made with pine 
bark, with three plants per pot. Watering was done 
periodically to maintain water content in the 
substrate near field capacity. Thirty three cotton 
genotypes (Table 1) were grown in the greenhouse 
(minimum and maximum temperatures of 15 and 46 
ºC, respectively) until reaching development stage 
V2 (MARUR; RUANO, 2001). 

 
Table 1. Brazilian cotton genotypes used to evaluate resistance against S. sclerotiorum. 

# Genotypes Institution # Genotypes Institution 

1 TMG 11 TMG1 18 FM 913 Fibermax® – Bayer 
2 TMG 41 TMG 19 FM 940 Fibermax® – Bayer 
3 TMG 42 WS TMG 20 FM 944 GL Fibermax® – Bayer 
4 TMG 43 TMG 21 FM 954 GLT Fibermax® – Bayer 
5 TMG 44 B2RF TMG 22 FM 975 WS Fibermax® – Bayer 
6 TMG 45 B2RF TMG 23 FM 980 GLT Fibermax® – Bayer 
7 TMG 47 B2RF TMG 24 FM 983 GLT Fibermax® – Bayer 
8 TMG 48 B2RF TMG 25 IMA 2106 GL IMA2 
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9 TMG 81 WS TMG 26 IMA 5675 B2RF IMA 
10 TMG 82 WS TMG 27 IMA 8276 WS IMA 
11 BRS 269 Embrapa 28 IMA 8405 GLT IMA 
12 BRS 293 Embrapa 29 DP 1536 B2RF Deltapine® – Monsanto 
13 BRS 335 Embrapa 30 DP 1552 Deltapine® – Monsanto 
14 BRS 336 Embrapa 31 IAC 24 IAC3 
15 BRS 368 RF Embrapa 32 IAC 25 IAC 
16 BRS 369 RF Embrapa 33 MAC-2 UFU4 

17 BRS 371 RF Embrapa - - - 
1TMG: Tropical Melhoramento & Genética; 2IMA: Instituto Matogrossense do Algodão; 3IAC: Instituto Agronômico de Campinas; 
4UFU: Cotton Breeding Program at the Universidade Federal de Uberlândia. 
 
Source of fungus strains, inoculation, incubation 
and evaluations 

Two strains were obtained from sclerotia 
collected in commercial plantations, one from cotton 
in the region of Chapadão do Sul (state of Mato 
Grosso do Sul), and one from soybeans, in the 
county of Jataí (state of Goiás). Previous study 
(GARCIA; JULIATTI, 2012) described the soybean 
strain as highly aggressive. The strains were labeled 
as ScC (Sclerotinia sclerotiorum from cotton) and 
ScS (the one from soybean). 

Sclerotia were previously disinfested with 
alcohol 50% (v v-1) for 30 seconds, followed by 
sodium hypochlorite solution 0.5% (v v-1) for one 
minute. Subsequently, they were rinsed three times 
in sterile distilled water and transferred to Petri 
dishes containing PDA medium (20% potato extract, 
2% dextrose, and 2% agar). The Petri dishes, 
containing sclerotia, were incubated at 22 ± 3 ºC and 
12 hours lighting for myceliogenic germination. 
Five-millimeter diameter disks of mycelium were 
removed from the border of cultures six days after 
incubation, and used in the tests. Cotton plants, at 
the phenological stage V2, were inoculated with the 
fungus using the straw test method (PETZOLDT; 
DICKSON, 1996; CASTRO, 2015). Briefly, cotton 
apical meristem was bevel cut and a 200-µL pippete 
tip filled with mycelium and PDA disks was placed 
on top of the stem. The experiment was done with 
the strains ScC and ScS and a negative control, 
consisting of PDA without the fungus. 

Subsequently, plants were incubated in a 
growth chamber or in the greenhouse for one week. 
Temperature and lighting in the growth chamber 
were 22 ± 3 ºC and 12 hours, respectively; while the 
environmental conditions (temperature and relative 
moisture) of the greenhouse were monitored with a 
digital thermohygrometer. Sclerotinia sclerotiorum 
lesion extension in the stem was determined with a 
ruler, seven days post-inoculation (DPI) 
(PETZOLDT; DICKSON, 1996; SINGH; TERÁN, 
2008). The proportion of lesion extension in relation 

to total stem length (HÜLLER et al., 2016) 
calculated disease severity. 

The experimental design was randomized 
blocks, with three replications, as a 3 x 33 factorial, 
for both incubation environments. The first factor 
corresponded to inocula (ScC, ScS or the control 
without the pathogen) and the second to cotton 
genotypes. Each experimental unit consisted of a pot 
containing three seedlings. 

 
Oxalic acid test 

Seedlings of the 33 cotton genotypes were 
cut at the root collar, in phenological stage V2, and 
the shoots were immersed in oxalic acid solutions at 
20 or 40 mM (P.A.-A.C.S., Synth). Solution pH was 
previously adjusted to 4.0 with 10 M sodium 
hydroxide. Plants were maintained in the solution 
for 20, 44 or 68 hours at 22 °C in darkness 
(ANTÔNIO et al., 2008). Three plants of each 
genotype were evaluated for sensitivity to oxalic 
acid using a rating scale from 1 (no symptoms) to 5 
(completely wilted leaves) (ANTÔNIO et al., 2008). 

 
Statistical analyses 

Data were subjected to the analysis of 
variance using the factorial strains x genotypes, 
adopting fixed effects for both factors, followed by 
Scott-Knott’s grouping test at 0.05 significance. The 
effect of the environment (greenhouse and growth 
chamber) was evaluated in a grouped comparison by 
Tukey’s test (p < 0.05), after the homogeneity of 
residual variances was confirmed by the proportion 
between the greatest and the smallest mean square 
of the residuals (MSR ≤ 7) (RAMALHO et al., 
2012). Whenever required, the degrees of freedom 
were adjusted accordingly. 

The genetic parameters of average lesion 
length and disease severity were estimated from the 
analysis of variance:  

,       [1] 
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,          [2] 
where: : genetic square component;  
coefficient of genotypic determination; MSG: mean 
square of genotypes; MSR: mean square of 
residuals; and r: number of replications. 

The data were standardized by: 

,          [3] 
where: : standardized average of the i-eenth 
genotype of the j-eenth character; : i-eenth 
genotype of the j-eenth character, original data; and 

: standard deviation. 
Genetic dissimilarity was estimated between 

all genotype pairs by the standardized Euclidian 
distance, as described: 

,                  [4]    
where: : Euclidian distance between genotypes i 
and i’; : observation of the j-eenth character of 
genotype i; : observation for the the j-eenth 
character of genotype i’; and p: number of variables. 

Subsequently to obtaining the dissimilarity 
matrix between the genotypes, these were grouped 
by the Unweighted Pair Group Method with 
Arithmetic Mean (UPGMA) and by Tocher’s 
optimization method (RAO, 1952). Both methods 
were used to increase reliability in the 
discrimination of genetic divergence of genotypes 
(NOGUEIRA, 2011; SIMON; KAMADA; 
MOITEIRO, 2012). A dendrogram was done, using 
the UPGMA, for the genotypes with greater 
similarity, and the distance between the genotype 
and the group formed by individuals i and j was 
given by: 

        [5] 
Based on Tocher’s optimization clustering, 

the first group consisted of genotypes with the 
smallest measure of dissimilarity. Subsequently, 
other genotypes were included in this group, after 
the comparison between the average distance value 
within the group and a maximum pre-established 
value  of the dissimilarity measure, found in the 
the group of smallest distances involving each 

genotype. Inclusion, or not, of each genotype was 
determined by:  

, genotype k is included in the group; 

, genotype k is not included; 
where n is the number of genotypes in the original 
group. 

The distance between genotype k and the 
group formed by genotypes i and j was given by:  

        [6] 
The average ratings given to the genotypes 

in the oxalic acid test were submitted to the analysis 
of variance and grouped by Scott-Knott’s test at 
0.05 significance. Subsequently, the relation 
between this variable and lesion length and severity 
was calculated by Pearson’s correlation coefficient 
(r) for comparison of the two methods to 
characterized resistance against white mold. 
 
RESULTS 
 
Resistance of cotton genotypes to infection by S. 

sclerotiorum 

The reaction of cotton genotypes to the 
pathogen was dependent on the strain inoculated 
and on plant incubation conditions. The average 
lesion size caused by the strain ScS, in the growth 
chamber, was 3.5 fold smaller than that of strain 
ScC (4.6 cm long), resulting in lower disease 
severity (11.9%) (Table 2). Differences in strain 
aggressiveness were not significant in the 
greenhouse: lesion length was restricted to 0.9 cm 
for both strains, and disease severity varied from 
7.1 to 7.9% for ScC and ScS, respectively. Joint 
analysis of data, considering treatment 
(combination genotype x strain) and two 
environments (growth chamber and greenhouse) 
detected significant interaction (P < 0.001) 
between treatment and environment, both for 
lesion size and disease severity, indicating more 
favorable infection conditions of cotton seedlings 
by S. sclerotiorum in the growth chamber (22 ± 3 
ºC and 12 hours lighting), resulting in greater 
average lesion length and disease severity. In 
addition, this environment favored greater 
aggressiveness of the ScC strain (isolated from 
cotton). 

 
Table 2. Lesion size (cm) and white mold severity (%) in cotton genotypes inoculated with S. sclerotiorum. 

Fungi strains were obtained from soybean (ScS) and cotton (ScC) plants. After inoculation, the 
genotypes were maintained in a greenhouse or in a growth chamber for seven days. 
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Environment 
Lesion size (cm) Disease severity (%) 

ScS ScC ScS ScC 

Growth chamber 1.3 4.6 11.9 41.6 

Greenhouse 0.9 0.9 7.9 7.1 
 

Differences in genotypes response to 
inoculation, in the greenhouse, varied from 0.5 
(genotypes TMG42 WS, IAC25 and TMG47 B2RF) 
to 1.3 cm (BRS371 RF and FM954 GLT) for lesion 
length and from 3.8 (TMG42 WS) to 10.8% 
(FM954 GLT) for disease severity (Table 3). 
Regardless of strain inoculated, genotype FM954 
GLT presented the greatest disease severity. In 
general, values obtained in the greenhouse were 
smaller than those from the controlled environment. 
In the growth chamber, lesion length and disease 
severity reached up to 6 cm and 66.2%, respectively. 
The genotypes were grouped into four resistance 
levels when the plants were inoculated with strain 
ScC. The most dissimilar groups were formed by the 
genotypes IMA2106 GL, MAC-2, DP1552 and 
FM944 GL (considered as resistant to white mold) 
and the genotypes BRS293, FM975 WS and 
TMG44 B2RF (susceptible). Sixteen out of the 33 
genotypes evaluated had disease severity between 
31.7 (TMG43) and 42.1% (BRS371 RF), while all 
others (10 genotypes) had severity between 44.4 and 
54.7% (TMG47 B2RF and FM980 GLT, 
respectively). Among these 10 genotypes, six 
belong to the same breeding program. No 
differences were observed among the genotypes 
after inoculation with strain ScS (Table 3). The 
coefficients of genotypic determination (H²) were 
computed for both variables, in both incubation 
environments. In the greenhouse, H² was 81.1 and 
74.6% for lesion length and disease severity, 
respectively, while in the growth chamber, it was 
60.2% for lesion length and 80.8% for disease 
severity (Table 3). 
 
Genetic diversity among cotton genotypes for 
resistance to S. sclerotiorum by multivariate 
analyses 

Dissimilarity measures obtained by 
Euclidian distance, based on the 33 genotypes and 
on the two variables (lesion length and disease 
severity), for cotton plants inoculated with the strain 
ScC are presented in Figure 1. High genetic 
variability was observed among the genotypes 

evaluated, with distances in the order between 0.01 
and 1.41. It was possible to confirm the greatest 
similarity between the genotypes IMA8276 WS and 
IMA8405 GLT (d=0.01). The comparison between 
genotypes FM944 GL and FM975 WS was the most 
divergent (d=1.41). Among the estimates of genetic 
divergence, the genotype FM944 GL was presented 
in the most distant comparisons, indicating little 
similarity with all others. The matrix data were used 
to make a dendrogram according to the method of 
average linkage between groups (UPGMA) (Figure 
2). The coefficient of cophenetic correlation 
obtained was 0.8012, significant at 1% probability 
by the t test.  The genotypes were discriminated into 
five groups, considering 33% dissimilarity as 
delimitation. The first group consisted of 20 
genotypes, i.e., 60.6% of the observed genetic 
diversity, followed by group II containing nine 
genotypes. Groups III (genotypes BRS293 and 
FM975 WS) and IV (TMG44 B2RF) contained the 
most susceptible materials, according to the straw 
test. The fifth group was represented by genotype 
FM944 GL, considered resistant in the inoculation 
test. The dendrogram reiterates the great genetic 
divergence between this material and all others.  

The same matrix of Euclidian distance was 
used to group the genotypes by Tocher’s 
optimization method. This method resulted in four 
groups (Table 4), one less than that of UPGMA 
method. The genotype TMG44 B2RF, previously 
separated into an exclusive group by UPGMA, was 
grouped with BRS293 and FM975 WS (previously 
in group III). In Tocher’s clustering, group I 
consisted of 25 genotypes (75.8% of the total), 
group II of four genotypes (TMG43, IMA2106 GL, 
MAC-2 and TMG47 B2RF) and group III of 
genotypes BRS293, FM975 WS and TMG44 B2RF. 
Groups III and IV, obtained by Tocher’s 
optimization method, corresponded, respectively, to 
the materials considered as most susceptible and 
most resistant by the straw test. 
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Table 3. Resistance of Brazilian cotton genotypes to strains of S. sclerotiorum determined after incubation of the plants in the greenhouse and in the growth chamber. 

Genotype 

Lesion length (cm) Severity (%) Lesion length (cm) Severity (%) 

ScS ScC ScS ScC ScS ScC ScS ScC 

Greenhouse Growth chamber 

TMG42 WS 0.7 b A¹+ 0.5 b A+ 5.7 b A* 3.8 b A* 1.9 a B+ 4.5 a A+ 17.0 a B* 47.4 b A* 

IAC25 0.7 b A 0.5 b A+ 6.3 b A 4.2 b A* 0.9 a B 4.6 a A+ 8.2 a B 32.5 c A* 

IMA5675 B2RF 0.8 b A+ 0.7 b A+ 6.0 b A* 4.5 b A* 2.7 a B+ 4.8 a A+ 22.4 a A* 34.4 c A* 

TMG47 B2RF 0.8 b A 0.5 b A+ 8.1 a A 4.6 b A* 1.4 a B 3.6 b A+ 14.7 a B 44.4 b A* 

IMA8276 WS 1.1 a A 0.8 b A+ 7.1 b A 4.6 b A* 0.8 a B 5.7 a A+ 5.8 a B 39.2 c A* 

TMG43 0.7 b A+ 0.6 b A+ 5.9 b A 5.0 b A* 1.7 a B+ 3.8 b A+ 15.5 a B 31.7 c A* 

TMG11 0.8 b A 0.7 b A+ 7.0 b A 5.6 b A* 1.5 a B 4.1 b A+ 12.1 a B 39.4 c A* 

TMG41 1.1 a A 0.7 b A+ 9.1 a A 5.8 b A* 1.5 a B 4.2 b A+ 13.3 a B 41.4 c A* 

IAC24 0.6 b A 0.7 b A+ 5.2 b A 5.9 b A* 1.5 a B 5.0 a A+ 12.8 a B 48.0 b A* 

BRS336 0.7 b A 0.7 b A+ 5.8 b A 6.2 b A* 0.9 a B 4.7 a A+ 8.5 a B 38.9 c A* 

FM983 GLT 1.0 a A 0.8 b A+ 8.6 a A 6.4 b A* 2.1 a B 4.6 a A+ 17.1 a B 35.3 c A* 

FM980 GLT 1.0 a A 0.7 b A+ 9.4 a A 6.5 b A* 1.3 a B 5.1 a A+ 16.6 a B 54.7 b A* 

FM913 1.0 a A 0.7 b A+ 8.7 a A 6.9 a A* 1.4 a B 4.8 a A+ 10.8 a B 41.1 c A* 

IMA8405 GLT 0.9 b A 0.8 b A+ 7.7 b A 6.9 a A* 1.2 a B 5.7 a A+ 10.0 a B 39.0 c A* 

BRS269 1.0 a A 0.9 b A+ 8.7 a A 7.1 a A* 1.3 a B 3.8 b A+ 15.1 a B 34.6 c A* 

TMG82 WS 0.7 b A 0.9 b A+ 5.6 b A 7.2 a A* 1.7 a B 4.7 a A+ 14.9 a B 47.3 b A* 

IMA2106 GL 1.0 a A 1.0 a A+ 8.3 a A 7.3 a A* 1.1 a B 3.8 b A+ 9.0 a B 24.1 d A* 

MAC-2 0.8 b A 0.7 b A+ 7.9 a A 7.3 a A* 1.2 a B 3.1 b A+ 9.5 a B 25.6 d A* 

BRS335 0.8 b A 0.9 b A+ 6.6 b A 7.5 a A* 0.5 a B 5.4 a A+ 4.3 a B 51.6 b A* 

BRS293 1.1 a A 1.0 a A+ 8.2 a A 7.7 a A* 1.1 a B 5.5 a A+ 12.8 a B 64.6 a A* 

BRS369 RF 1.2 a A 1.2 a A+ 8.8 a A 7.7 a A* 1.0 a B 5.4 a A+ 7.8 a B 41.2 c A* 

TMG45 B2RF 0.7 b A 0.7 b A+ 7.6 b A 7.8 a A* 1.1 a B 4.4 a A+ 13.1 a B 46.2 b A* 

DP1552 1.2 a A+ 1.0 a A+ 8.9 a A 7.8 a A* 2.3 a B+ 4.8 a A+ 17.6 a A 26.8 d A* 

TMG81 WS 0.7 b A 0.8 b A+ 7.1 b A 7.9 a A* 1.3 a B 4.7 a A+ 11.3 a B 50.1 b A* 

BRS368 RF 1.1 a A 1.2 a A+ 7.6 b A 8.0 a A* 1.2 a B 5.0 a A+ 9.1 a B 36.6. c A* 

FM944 GL 1.0 a A 0.9 b A+ 9.6 a A 8.5 a A* 1.0 a A 2.3 b A+ 6.3 a A 12.0 d A* 
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FM940 0.7 b A 0.9 a A+ 6.8 b A 8.7 a A* 0.7 a B 5.3 a A+ 6.5 a B 50.4 b A* 

TMG48 B2RF 1.2 a A 1.0 a A+ 10.4 a A 8.7 a A* 1.3 a B 4.9 a A+ 13.2 a B 48.6 b A* 

FM975 WS 1.1 a A 1.2 a A+ 8.4 a A 9.1 a A* 1.6 a B 6.0 a A+ 17.4 a B 66.2 a A* 

BRS371 RF 1.2 a A 1.3 a A+ 9.0 a A 9.2 a A* 1.6 a B 4.9 a A+ 11.5 a B 42.1 c A* 

TMG44 B2RF 1.0 a A 0.7 b A+ 10.7 a A 9.7 a A* 1.3 a B 4.7 a A+ 13.4 a B 64.8 a A* 

DP1536 B2RF 1.0 a A 1.2 a A+ 7.9 a A 9.8 a A* 0.9 a B 4.9 a A+ 6.5 a B 38.7 c A* 

FM954 GLT 1.3 a A 1.2 a A+ 10.8 a A 10.4 a A* 1.1 a B 3.9 b A+ 10.2 a B 34.1 c A* 

Average 0.9 0.9 7.9 7.1 1.3 4.6 11.9 41.6 

CV (%) 22.75 23.73 22.94 26.41 

H² (%) 81.11 74.64 60.18 80.79 

     

¹ Averages followed by the same letter, lowercase in columns and upper case in rows, for each incubation environment, constitute statistically homogeneous groups by Scott-Knott’s test at 5% probability. 
CV (%): coefficient of variation. H² (%): coefficient of genotypic determination. + and * Averages of lesion length and disease severity, respectively, are different between greenhouse and growth chamber 
by Tukey’s test at 0.05 significance, considering MSR of the joint analysis. 
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Figure 1. Dissimilarity, based on Euclidian distance, between 33 Brazilian cotton genotypes as a function of lesion length and disease severity of white mold. Plants 
were inoculated with strain ScC (S. sclerotiorum isolated from cotton plants) and incubated in a growth chamber. 
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FM 983 
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IMA 
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IMA 
5675 
B2RF 

IMA 
8276 
WS 

IMA 
8405 
GLT 

DP 
1536 
B2RF 

DP 
1552 

IAC 24 IAC 25 MAC-2

TMG 11 0,045 0,187 0,168 0,491 0,140 0,170 0,263 0,256 0,207 0,123 0,590 0,415 0,150 0,256 0,357 0,209 0,197 0,385 0,705 0,117 0,709 0,385 0,160 0,298 0,213 0,426 0,417 0,204 0,300 0,298 0,185 0,373

TMG 41 0,142 0,213 0,448 0,096 0,175 0,220 0,211 0,164 0,167 0,545 0,375 0,134 0,244 0,331 0,179 0,171 0,345 0,750 0,162 0,665 0,341 0,162 0,342 0,212 0,404 0,395 0,187 0,317 0,258 0,198 0,417

TMG 42 WS 0,355 0,323 0,056 0,263 0,089 0,069 0,032 0,310 0,403 0,246 0,161 0,241 0,266 0,131 0,141 0,219 0,892 0,303 0,524 0,199 0,225 0,479 0,252 0,346 0,340 0,184 0,387 0,138 0,275 0,559

TMG 43 0,654 0,308 0,240 0,426 0,423 0,373 0,054 0,757 0,572 0,274 0,353 0,478 0,350 0,334 0,541 0,542 0,052 0,873 0,551 0,240 0,141 0,287 0,535 0,525 0,321 0,295 0,456 0,226 0,214

TMG 44 B2RF 0,353 0,473 0,305 0,273 0,323 0,603 0,218 0,318 0,479 0,531 0,484 0,423 0,440 0,322 1,164 0,604 0,364 0,220 0,544 0,789 0,563 0,550 0,548 0,486 0,702 0,328 0,596 0,836

TMG 45 B2RF 0,208 0,144 0,123 0,086 0,260 0,453 0,302 0,160 0,257 0,306 0,158 0,161 0,274 0,840 0,256 0,578 0,253 0,215 0,438 0,252 0,385 0,377 0,197 0,379 0,192 0,262 0,507

TMG 47 B2RF 0,351 0,322 0,294 0,189 0,627 0,508 0,309 0,418 0,501 0,347 0,342 0,481 0,693 0,206 0,764 0,446 0,329 0,378 0,382 0,576 0,568 0,362 0,465 0,400 0,353 0,371

TMG 48 B2RF 0,047 0,059 0,385 0,337 0,158 0,186 0,226 0,206 0,119 0,138 0,130 0,967 0,376 0,448 0,129 0,252 0,540 0,261 0,284 0,279 0,182 0,401 0,052 0,303 0,635

TMG 81 WS 0,053 0,378 0,334 0,188 0,207 0,263 0,253 0,152 0,168 0,163 0,961 0,372 0,456 0,130 0,273 0,545 0,290 0,331 0,326 0,214 0,430 0,097 0,325 0,628

TMG 82 WS 0,330 0,385 0,217 0,156 0,224 0,238 0,111 0,125 0,189 0,913 0,322 0,502 0,178 0,222 0,493 0,243 0,317 0,311 0,170 0,381 0,106 0,273 0,580

BRS 269 0,712 0,536 0,248 0,339 0,457 0,320 0,305 0,505 0,582 0,025 0,832 0,508 0,227 0,195 0,278 0,519 0,510 0,300 0,312 0,419 0,224 0,250

BRS 293 0,241 0,520 0,528 0,432 0,445 0,465 0,264 1,293 0,706 0,148 0,209 0,584 0,877 0,583 0,473 0,475 0,504 0,718 0,326 0,634 0,960

BRS 335 0,308 0,293 0,192 0,228 0,247 0,031 1,114 0,523 0,314 0,105 0,365 0,674 0,353 0,241 0,241 0,279 0,483 0,117 0,411 0,785

BRS 336 0,109 0,210 0,080 0,061 0,277 0,811 0,230 0,619 0,313 0,066 0,367 0,093 0,277 0,267 0,055 0,226 0,197 0,118 0,488

BRS 368 RF 0,134 0,112 0,100 0,266 0,871 0,318 0,604 0,334 0,113 0,416 0,072 0,182 0,172 0,060 0,190 0,210 0,139 0,561

BRS 369 RF 0,154 0,160 0,173 1,004 0,438 0,487 0,267 0,240 0,550 0,205 0,080 0,074 0,158 0,312 0,163 0,272 0,690

BRS 371 RF 0,020 0,197 0,890 0,304 0,539 0,240 0,140 0,447 0,143 0,230 0,222 0,064 0,282 0,119 0,189 0,564

FM 913 0,216 0,872 0,289 0,559 0,260 0,120 0,428 0,124 0,234 0,225 0,046 0,264 0,139 0,170 0,548

FM 940 1,083 0,493 0,343 0,102 0,335 0,643 0,325 0,230 0,229 0,249 0,456 0,087 0,382 0,754

FM 944 GL 0,592 1,414 1,090 0,765 0,455 0,799 1,046 1,037 0,853 0,735 0,998 0,732 0,333

FM 954 GLT 0,823 0,500 0,205 0,188 0,255 0,498 0,489 0,280 0,287 0,407 0,200 0,261

FM 975 WS 0,325 0,678 0,984 0,667 0,505 0,510 0,592 0,793 0,422 0,725 1,082

FM 980 GLT 0,378 0,668 0,381 0,330 0,329 0,301 0,519 0,124 0,428 0,757

FM 983 GLT 0,314 0,054 0,294 0,285 0,089 0,164 0,259 0,052 0,450

IMA 2106 GL 0,345 0,591 0,582 0,403 0,290 0,562 0,278 0,179

IMA 5675 B2RF 0,250 0,241 0,080 0,140 0,258 0,067 0,492

IMA 8276 WS 0,010 0,222 0,328 0,238 0,316 0,742

IMA 8405 GLT 0,213 0,319 0,234 0,307 0,732

DP 1536 B2RF 0,219 0,179 0,133 0,534

DP 1552 0,395 0,119 0,463

IAC 24 0,309 0,668

IAC 25 0,426
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Figure 2. Dendrogram representative of genetic dissimilarity between 33 cotton genotypes by the average linkage between group (UPGMA) hierarchical clustering. 
Diagram obtained by Euclidian distance as a function of lesion size and white mold severity evaluated seven days after plant inoculation with S. 
sclerotiorum strain ScC. For symptoms development, the plants were incubated in a growth chamber (temperature 22 ± 3 °C and 12 hours photoperiod). 
Coefficient of cophenetic correlation (r) = 0.8012 **. ** Significant at 1% probability by t-test. 
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Table 4. Grouping of 33 cotton genotypes by Tocher’s optimization method. The groups were obtained by 
Euclidian distance as a function of lesion length and disease severity of white mold, after inoculation 
of plants with the strain ScC of S. sclerotiorum. Plants were incubated for one week in a growth 
chamber (22 ± 3 ºC and 12 hours lighting) for symptoms development. 

Group Genotypes 

I 

IMA8276 WS, IMA8405 GLT, BRS369 RF, BRS368 RF, DP1536B2 RF, FM913 BRS371 RF, 
BRS336, IMA5675 B2RF, FM983 GLT, IAC25, IAC24, TMG48 B2RF TMG82 WS, TMG42 WS, 

TMG81 WS, TMG45 B2RF, TMG41, TMG11, FM940 BRS335, FM980 GLT, DP1552, FM954 
GLT and BRS269 

II TMG43, IMA2106 GL, MAC-2 and TMG47 B2RF 
III BRS293, FM975 WS and TMG44 B2RF 
IV FM944GL 

 
Evaluation of cotton genotypes resistance to S. 

sclerotiorum by the oxalic acid test 
A score scale (varying from 1 to 5) 

estimated indirect evaluation of cotton genotypes 
resistance with smaller values to genotypes less 
sensitive to oxalic acid solution (Table 5). Exposure 

time and solution concentration were relevant to 
genotype discrimination. Greater scores were 
obtained at the concentration of 40 mM for 68 
hours, except for genotypes BRS269, DP1552 and 
TMG43, which had greater score at 20 mM for 44 
hours. 

 
Table 5. Wilting scores of Brazilian cotton genotypes (1 – no symptoms, to 5 – completely wilted leaves) as a 

function of oxalic acid concentration (mM) and exposure time (h) of seedlings to the solution. 

Genotype 
20 mM 20 h 20 mM 44 h 40 mM 44 h 40 mM 68 h 

Wilting score 

IMA5675 B2RF 1.3 b A¹  2.0 c A  1.1 c A  1.5 b A 
TMG42 WS 1.7 a A  2.0 c A  1.1 c A  1.7 b A 
BRS269 2.0 a B  3.0 b A  1.2 c C  1.9 b B 
TMG81 WS 1.7 a A  2.0 c A  1.2 c A  2.0 b A 
TMG45 B2RF 1.0 b B  1.7 d A  1.1 c B  2.1 b A 
FM975 WS 1.0 b B  1.3 d B  1.2 c B  2.1 b A 
DP1552 1.7 a B  4.3 a A  1.2 c B  2.1 b B 
FM944 GL 1.7 a B  2.3 c A  1.2 c B  2.2 b A 
BRS293 1.3 b B  2.3 c A  1.7 b B  2.2 b A 
FM913 2.0 a A  2.0 c A  1.2 c B  2.2 b A 
BRS336 1.0 b B  2.0 c A  1.2 c B  2.3 b A 
TMG41 2.0 a A  2.0 c A  1.8 a A  2.3 b A 
BRS369 RF 1.0 b B  1.5 d B  2.7 a A  2.3 b A 
BRS335 1.0 b B  1.0 d B  1.1 c B  2.4 b A 
FM983 GLT 1.7 a B  3.0 b A  1.4 b B  2.4 b A 
DP1536 B2RF 2.3 a A  2.3 c A  1.6 b B  2.5 b A 
BRS371 RF 1.7 a B  2.0 c B  1.7 b B  2.5 b A 
FM980 GLT 1.0 b B  2.0 c A  1.5 b B  2.6 b A 
TMG43 1.7 a C  3.3 b A  1.8 a C  2.6 b B 
TMG47 B2RF 1.7 a B  2.3 c A  1.9 a B  2.7 b A 
TMG82 WS 1.7 a B  1.3 d B  2.0 a B  2.7 b A 
FM954 GLT 2.2 a A  2.0 c A  2.3 a A  2.7 b A 
BRS368 RF 1.3 b B  2.3 c A  1.7 b B  2.8 a A 
FM940 2.2 a A  1.3 d B  2.1 a A  2.8 a A 
MAC-2 2.0 a A  2.3 c A  2.1 a A  2.8 a A 
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IMA8276 WS 1.5 b B  2.5 c A  2.2 a A  2.9 a A 
IAC25 2.0 a B  2.0 c B  2.2 a B  3.2 a A 
IMA8405 GLT 1.3 b C  1.3 d C  2.4 a B  3.2 a A 
IMA2106 GL 1.8 a B  1.0 d C  2.0 a B  3.2 a A 
IAC24 2.0 a B  1.0 d C  2.3 a B  3.3 a A 
TMG48 B2RF 2.2 a B  2.0 c B  2.5 a B  3.5 a A 
TMG11 1.7 a B  2.0 c B  2.4 a B  3.6 a A 

TMG44 B2RF 1.7 a B  2.5 c B  2.1 a B  3.7 a A 

CV (%) 20.7 
H² (%) 85.6 
¹ Averages followed by the same letters, lowercase in columns and upper case in rows, constitute statistically homogeneous groups by 
the Scott-Knott’s test at 5% probability. CV (%): coefficient of variation. H² (%): coefficient of genotypic determination. 
 
 

The genotypes were classified into two 
different groups after 68 hours at the concentration 
of 40 mM, with scores varying from 1.5 (IMA5675 
B2RF) to 3.7 (TMG44 B2RF). Although genotype 
TMG44 B2RF demonstrated susceptibility by the 
straw test, correspondence between results of 
pathogen inoculation and the oxalic acid test was 
not evident and could not be corroborated. 
Evaluation after 44 hours of exposure at 20 mM, in 
turn, grouped the materials into four categories, with 

wilting scores from 1.0 (IMA2106 GL, IAC24 and 
BRS335) to 4.3 (DP1552). 

The data on lesion size and disease severity, 
obtained after inoculation with the strains ScC and 
ScS by the straw test, did not correlated with the 
scores obtained by the oxalic acid method (Table 6). 
Pearson’s coefficient indicated that the methods did 
not converge for the ranking of cotton resistant 
genotypes. 

 
Table 6. Pearson’s correlation coefficient for oxalic acid and straw test methods used for the evaluation of 

cotton genotypes resistance against S. sclerotiorum. 

Oxalic acid method 

 

Straw test method Correlation 

20 mM 20 h x Lesion*ScC -0.379ns 

20 mM 44 h x Lesion*ScC -0.279ns 

40 mM 44 h x Lesion*ScC 0.065ns 

40 mM 68 h x Lesion*ScC 0.018ns 

20 mM 20 h x Lesion*ScS 0.000ns 

20 mM 44 h x Lesion*ScS 0.381ns 

40 mM 44 h x Lesion*ScS -0.260ns 

40 mM 68 h x Lesion*ScS -0.324ns 

20 mM 20 h x Severity*ScC -0.302ns 

20 mM 44 h x Severity*ScC -0.325ns 

40 mM 44 h x Severity*ScC -0.010ns 

40 mM 68 h x Severity*ScC 0.059ns 

20 mM 20 h x Severity*ScS -0.119ns 

20 mM 44 h x Severity*ScS 0.328ns 

40 mM 44 h x Severity*ScS -0.310ns 

40 mM 68 h x Severity*ScS -0.340ns 
ns Non-significant at 5%. 
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DISCUSSION 
 

The unquestionable importance of the 
interaction pathogen x environment x host plant in 
the expression of resistance/susceptibility of the 
phenotype (P = G + E + GxE) to a given disease, is 
reflected in the steps of selection of materials for 
future recommendation of cultivars. These variables 
were considered in this study. Ranking of Brazilian 
cotton genotypes resistant to white mold depended 
on differences between strains of S. sclerotiorum 
and on the incubation environments of inoculated 
seedlings. 

White mold is a disease highly dependent 
on favorable environmental conditions for its 
occurrence, so much that adequate environment for 
the fungus also allows maximum differenciation 
between host plant genotypes. Therefore, the low 
correlation between field data and that of controlled 
conditions make it difficult to rank the genotypes for 
resistance against white mold (JULIATTI et al., 
2013). Such discrepancy also can occur between 
results obtained in greenhouse with those of growth 
chambers. The same soybean genotype can be 
classified as resistant to completely susceptible to 
white mold (ZITO et al., 2006), thus, indication of 
selected materials is done after incubation in growth 
chamber (JULIATTI et al., 2014; CASTRO et al., 
2016). Relative humidity and temperature are 
considered as the main limiting factors for 
evaluation of resistance of plants to S. sclerotiorum 

in greenhouses (BOLAND; HALL, 1987; 
ANTÔNIO et al., 2008; MILA; YANG, 2008), 
because they affect pathogen infection, especially in 
the first 24 to 72 hours after inoculation (PRATT; 
ROWE, 1991). Monitoring environment conditions 
in the present greenhouse study recorded maximum 
daily temperatures above the adequate level for 
fungal mycelia development (18-25 ºC) (AGRIOS, 
2005) and relative air moisture below 90% (Figure 
3). High average temperature and low relative 
moisture recorded during the experiment could have 
affected pathogen development, resulting in reduced 
lesion size and, consequently lower disease severity. 
Therefore, it can be inferred that the environment in 
the growth chamber, similarly to what was observed 
for soybeans, is more adequate for evaluations of 
resistance against white mold among cotton 
genotypes. Along with a controlled environment, 
artificial inoculation is required to evaluate 
genotype response due to uniformity of inoculum 
deposition and subsequent infection (DAVAR et al., 
2011). Standardization by the straw test assured the 
amount of inoculum in each plant, avoiding false-
negative results and allowed proper characterization 
of susceptibility of each material. Finally, 
considering plant stage development, inoculation at 
V2 reduces the time required for the screening of 
cotton genotypes for resistance against white mold. 
Moreover, early inoculation tends to highlight 
differences in genotypes that could be lessened with 
plant maturation (GARCIA; JULIATTI, 2012). 

 

 
Figure 3. Meteorological data recorded in the greenhouse during the incubation period for cotton genotypes 

inoculated with S. sclerotiorum. 
minT and maxT: minimum and maximum temperatures, respectively; RH: relative humidity; DPI: days post-inoculation. 
 

Regardless of interferences in the incubation 
environment, the pathogen interacts with the 
genotypes in the expression of the phenotype. The 
greater aggressiveness of strain ScC was evident in 
the growth chamber, in comparison with strain ScS, 
even though this had been described as highly 
aggressive to soybeans (GARCIA; JULIATTI, 

2012). Variability in S. sclerotiorum aggressiveness, 
reported in common beans, sunflower and soybeans 
(PRICE; CALHOUN, 1975; IRANI et al., 2011; 
ZANCAN et al., 2015), is commonly observed 
among strains isolated from different hosts or from 
distant geographical regions (KULL et al., 2004; 
DAVAR et al., 2011) due to variation in effector 
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production (CASTRO et al., 2016). Such variability 
is relevant since, in breeding programs, the use of 
more aggressive strains is recommended in order to 
identify greater resistance levels in the germplasm 
collection (ZANCAN et al., 2015). The result 
obtained in this study suggests a possible 
physiological specialization of S. sclerotiorum to its 
host, previously suggested (DAVAR et al., 2011) 
but still awaiting for omics studies about the 
interaction Sclerotinia-cotton to be confirmed. 

Assuming that the factors of virulence or 
aggressiveness of S. sclerotiorum include the 
production of oxalic acid and of pectolytic enzymes 
(DUTTON; EVANS, 1996; ZHOU; BOLAND, 
1999), quantitative differences in the synthesis of 
these factors would be related to aggressiveness of 
both strains evaluated. Moreover, the greater lignin 
content in cotton than in soybeans (on average, 1.4 
fold greater in the former) (PELTIER; HATFIELD; 
GRAU, 2009; TUTUS; EZICI; ATES, 2010; KANG 
et al., 2012; GRIS et al., 2013), could reinforce the 
hypothesis of specificity. Thus, it is suggested that 
the strain obtained from soybeans (ScS) synthesizes 
insufficient amounts of oxalic acid to degrade cotton 
cell wall. Consequently, colonization by the fungus 
is compromised. This hypothesis is supported by the 
lack of correlation between the results of the straw 
test with those of the oxalic acid assay. Possibly, 
solutions that are more concentrated would be 
required, in contrast to what was recommended for 
common beans and soybeans (KOLKMAN; 
KELLY, 2000; ANTÔNIO et al., 2008; HÜLLER et 
al., 2016; SOUZA et al., 2016). The inconsistency 
of the oxalic acid method discourages the indirect 
evaluation of cotton resistance to white mold, be it 
by need to optimize the technique or by the 
combination with other physiological mechanisms 
of resistance in cotton, such as biosynthesis of 
phytoalexins, shikimic acid, phenolic compounds or 
oxalate detoxification (BALDINI et al., 2002; 
CUNHA et al., 2010; DAVIDSON et al., 2016). 

Resistance to white mold is quantitative 
(HOFFMAN et al., 2002; LU, 2003). Thus, 
considering lesion length and disease severity, no 
cotton genotypes presented complete resistance. 
Nevertheless, it was possible to observe 
considerable variability for partial resistance among 
the genotypes, including commercial ones, such as 
FM944 GL, which expressed the smallest lesion size 
and disease severity, contrasting with FM975 WS. 
Research with lineages of common beans, canola 
and soybeans, resistant to this pathogen has been 
studied; however, no sources of complete resistance 
have been identified, but only variability for partial 
resistance (ARAHANA et al., 2001; AHMADIFAR; 

DALIL 2013; JULIATTI et al., 2013; ZANCAN et 
al., 2015). 

The cotton genotypes used in this study had 
considerable differences in resistance to white mold. 
Among the 33 genotypes evaluated, IMA2106 GL, 
MAC-2, DP1552 and FM944 GL were considered 
the most resistant, while the genotypes BRS293, 
FM975 WS and TMG44 B2RF were the most 
susceptible. All others presented variable levels of 
partial resistance. Variations in susceptibility can be 
attributed mostly to genetic causes, since all plants 
were inoculated at the same phenological stage and 
under the same incubation conditions, minimizing 
the effect of environment factors. Morphological 
mechanisms of escape, such as plant architecture 
and canopy density, can contribute for resistance of 
the genotypes against white mold, but do not 
explain the differences found in this study, since the 
pathogen was placed in direct contact with the 
conducting vessels of the seedling stem in its early 
development stage. This implies that physiological 
mechanisms are involved in resistance. The 
association between physiological and 
morphological resistance could constitute a viable 
strategy to be explored in cotton breeding for 
resistance to white mold. Molecular, biochemical 
and anatomical (histological) studies are necessary 
to understand the differences between genotypes 
and to propose future crossings to obtain durable 
resistance. 

Analyses of genetic diversity are 
fundamental for plant breeding, since they allow the 
identification of promising genitors for the 
crossings. This type of study also allows the 
confirmation of dissimilarity of genotypes in 
relation to several agricultural characteristics 
(CRUZ; REGAZZI; CARNEIRO, 2012), such as 
resistance to plant pathogens (CASTRO, 2015). The 
use of traits associated to multivariate techniques 
has been widely used for the quantification of 
genetic distance, and can be found for several crops, 
including cotton (CARVALHO et al., 2003; 
ARAÚJO et al., 2014; COUTINHO; 
GUIMARÃES; VIDAL, 2014; RESENDE et al., 
2014; VIOLATTI, 2016; GILIO et al., 2017). The 
methods of hierarchical and optimization clustering 
are among the most used to evaluate dissimilarity 
among genotypes (CRUZ; REGAZZI; CARNEIRO, 
2012). Differences between these methods 
oftentimes justify the need for more than one 
analysis to reach conclusions that are more reliable. 
Although, in this study, the methods UPGMA and 
Tocher’s did not converge into the same number of 
groups, they allowed a clear distinction of genotype 
FM944 GL and of the genotypes FM975 WS, 
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TMG44 B2RF and BRS293, validating the results 
obtained. 
 
CONCLUSIONS 
 

The most resistant genotypes to S. 
sclerotiorum were FM944 GL, MAC-2, IMA2106 
GL and DP1552, which are promising for 
management in areas with history of white mold 
occurrence.  

The most susceptible ones were cultivars 
FM975 WS, TMG44 B2RF and BRS293. The strain 
of S. sclerotiorum obtained from a cotton field 
(ScC) was more aggressive, suggesting a possible 
physiological specialization.  

No correlation was observed between the 
oxalic acid and straw test methods, requiring caution 
in indirect evaluation of resistance to rank the 
genotypes. Based on genetic parameters, the 

environment of the growth chamber provided more 
adequate conditions to evaluate resistance of cotton 
genotypes to white mold.  

The multivariate analyses using UPGMA 
and Tocher’s methods confirmed that the genotypes 
evaluated are divergent among themselves. 
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RESUMO: A expansão da cultura do algodoeiro para terras altas e irrigadas do Cerrado brasileiro, apesar da 
possibilidade de aumentar a produção de fibras, levou à ocorrência de doenças antes consideradas secundárias, como o 
mofo branco [Sclerotinia sclerotiorum (Lib.) de Bary]. A resistência genética do hospedeiro é de extrema importância nas 
estratégias de manejo integrado dessa doença. Avaliou-se a resistência de genótipos brasileiros de algodão, desafiados com 
diferentes isolados de S. sclerotiorum, sob duas condições de incubação para o progresso da doença. Além disso, foi 
avaliada a possível correlação entre os métodos do ácido oxálico e do straw test para ranquear os genótipos. A inoculação 
artificial foi realizada quando as plantas de algodoeiro atingiram o estágio fenológico V2, com fungos isolados de culturas 
comerciais de soja (ScS) ou de algodão (ScC) naturalmente infectadas. O controle consistiu de plantas inoculadas somente 
com meio de cultura. Após a inoculação, as plantas foram mantidas em câmara de crescimento ou em casa de vegetação 
durante uma semana e avaliadas quanto aos sintomas e severidade da doença. O teste do ácido oxálico consistiu na 
submersão da haste das plantas de algodão, após remoção das raízes, em uma solução de 20 ou 40 mM por 20, 44 ou 68 h. 
Uma escala visual de murcha foi usada para distinguir a sensibilidade dos genótipos ao ácido. Os dados foram submetidos 
à análise individual, conjunta e multivariada, agrupando os genótipos de algodoeiro pelo teste de Scott-Knott (p < 0,05) e 
pelos métodos UPGMA e de Tocher. Diferença na agressividade entre os isolados foi identificada, na qual ScC resultou 
em maior severidade da doença. Isto sugere possível especialização fisiológica de S. sclerotiorum para diferentes 
hospedeiros. Observou-se que o ambiente da câmara de crescimento proporcionou condições mais adequadas para 
infecção por S. sclerotiorum comparativamente à casa de vegetação, permitindo melhor seleção de genótipos resistentes. 
Os métodos de agrupamento UPGMA e Tocher confirmaram que os genótipos avaliados diferem entre si na resistência ao 
mofo branco. Não foi observada correlação entre o ácido oxálico e o straw test. 
 

PALAVRAS-CHAVE: Gossypium hirsutum L. Sclerotinia sclerotiorum. Diversidade genética. Especialização 
fisiológica. 
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