
 

 
http://periodicos.uem.br/ojs 

ISSN on-line: 1807-8621  

https://doi.org/10.4025/actasciagron.v48i1.76997 

 
PLANT BREEDING 

 

 

Acta Scientiarum. Agronomy, v. 48, e76997, 2026 

Genetic approaches to develop bacterial wilt resistant tobacco 

cultivars 

Reberth Renato da Silva1, Gabriel da Silva Miguel2, Fernanda Aparecida Castro Pereira2, Magno 

Antonio Patto Ramalho3, Ricardo Magela de Souza4 and José Maria Villela Padua2*  

1Departamento de Agronomia, Universidade Federal de Viçosa, Avenida Peter Henry Rolfs, s/n, Campus Universitário, 36570-900, Viçosa, Minas Gerais, 

Brazil. 2Departamento de Agricultura, Universidade Federal de Lavras, Lavras, Minas Gerais, Brazil. 3Departamento de Biologia, Universidade Federal de 

Lavras, Lavras, Minas Gerais, Brazil. 4Departamento de Fitopatologia, Universidade Federal de Lavras, Lavras, Minas Gerais, Brazil. *Author for 

correspondence. E-mail: jose.padua@ufla.br 

ABSTRACT. One of the most notorious pathogens affecting tobacco production is tobacco bacterial wilt 

(TBW), caused by Ralstonia solanacearum. Controlling TBW is a global issue, and developing more resistant 

cultivars is one of the solutions. Therefore, this study investigated the effectiveness of recurrent selection 

(RS) as a breeding strategy to enhance resistance to R. solanacearum in tobacco. We also aimed to identify 

the appropriate progeny type for RS. The trials were carried out in an area where the pathogen is known to 

occur, with seedlings inoculated with R. solanacearum to assure the presence of the pathogen. The incidence 

of the pathogen was evaluated over two seasons. In the first year, we utilized 100 S1:2 progeny from the 

original population (cycle 0) and 108 half-sib progeny of cycle I. In the subsequent year, we evaluated 196 

S0:1 progeny of CI and 176 half-sib progeny of cycle II. Additionally, to ensure the presence of the pathogen, 

we inoculated R. solanacearum 40–45 days after transplanting the seedlings. The incidence of the pathogen was 

assessed based on the number of plants showing symptoms (%). Although the difference between cycle 0 and 

cycle II was relatively small, the results suggest that recurrent selection was successful in accumulating resistance 

alleles, as reflected in the positive association between disease resistance and agronomic traits.  
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Introduction 

Tobacco is an extremely important crop in the context of Brazilian agribusiness. Brazil is the world’s 

largest exporter and produced approximately 720,000 tons worth 10.9 billion dollars in the 2024/25 crop year. 

In addition, tobacco provides direct and indirect employment for 2.1 million people within its production 

chain. An estimated 160,000 families produce tobacco, mainly in Brazil’s South region (Associação dos 

Fumicultores do Brasil, 2025). 

Pathogens have become a growing concern, especially with intensification of cultivation in Brazil’s 

Southern Region. Among them, Ralstonia solanacearum Smith (Yabuuchi et al., 1995), the causal agent of 

tobacco bacterial wilt (TBW), is particularly damaging. The bacterial agent causes loss of turgidity and atrophy 

and turns the leaf tissue and most of the succulent parts of branches yellow. The TBW damage to tobacco 

production has not yet been measured in Brazil. However, in North Carolina, United States, the estimated 

losses are several million dollars (Thiessen, 2020). In other crops, there are also very high losses due to this 

bacterial agent (Kannan et al., 2015). 

Bacterial wilt, caused by isolates belonging to the R. solanacearum species complex, is one of the most 

destructive plant diseases in tropical and subtropical regions, affecting a wide range of economically 

important crops. Moreover, it is estimated that the bacterium is associated with over 200 plant species, both 

cultivated and wild, belonging to at least 50 different botanical families (Miranda et al., 2004; Wicker et al., 

2007), highlighting its broad adaptive potential. The pathogen exhibits high genetic and phenotypic diversity, 

which is reflected in significant differences in geographic distribution, physiological properties, 

pathogenicity, and host range (Hayward, 1994; Genin & Denny, 2012; Santiago et al., 2016). 

Under field conditions, bacterial wilt shows marked spatial and temporal variability. The disease rarely 

occurs in a uniform pattern, typically appearing in clusters, which reflects the complex interaction between 
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the pathogen, the environment, and the host plant. These characteristics pose challenges to the execution of 

experiments under natural conditions. As a result, studies aiming to evaluate genotype resistance, the 

effectiveness of control strategies, or the epidemiology of the disease face considerable methodological 

challenges, often requiring artificial inoculation. 

Ralstonia solanacearum is a soil pathogen that survives in association with different host plants and adapts 

to diverse climate conditions, thereby hindering the development of effective control methods. Chemical 

control has limited effectiveness, so alternatives are needed. One of the most effective strategies is the use of 

resistant varieties (Liu et al., 2016). Researchers have reported genetic resistance to R. solanacearum in some 

potato (Chen et al., 2013), tomato (Wang et al., 2013; Kim et al., 2016; Costa et al., 2019), and eggplant (Lebeau 

et al., 2013) genotypes. Several articles on this topic have already been published for tobacco (Nishi et al., 

2003; Lan et al., 2014; Drake-Stowe et al., 2017). The authors of these publications have described genetic 

control as polygenic and probably additive, and the trait is highly affected by the environment. 

As genetic control is probably polygenic, accumulation of favorable alleles from different genes 

responsible for resistance must be carried out in steps. Under these conditions, recurrent selection (RS) is the 

most appropriate procedure. RS is a cyclical process in plant breeding that aims to gradually accumulate 

favorable alleles over successive generations (Hallauer, 1992; Ramalho et al., 2024). This method was initially 

recommended for allogamous plants; however, in recent decades, its use has expanded to autogamous plants 

to improve traits such as pathogen resistance (Amaro et al., 2007; Rezende et al., 2014; Morais Junior, 2015; 

Lopes et al., 2019). Additionally, RS has been used in tobacco breeding, with positive results (Marques et al., 

2022). Until now, no report of the use of RS as a strategy to obtain tobacco genotypes with resistance to R. 

solanacearum. Thus, we aimed (i) to evaluate the viability of employing RS in tobacco to enhance resistance 

to R. solanacearum, (ii) to determine of the most viable progeny type for conducting RS, and (iii) to estimate 

the most appropriate time to evaluate for TBW. 

Material and methods 

The base population for RS of the Virginia varietal group used in this study was obtained from crosses 

among 26 lines of tobacco (Nicotiana tabacum L.) in a half-sib (HS) scheme, where the pollen of each line was 

weighted and mixed before the pollination of the same lines (Figure 1). These lines were chosen in accordance 

with agronomic performance and resistance to R. solanacearum. Crosses were performed in the experimental 

area at the Tobacco Breeding Unit located in Canoinhas, Santa Catarina State, Brazil. The trials were 

conducted in two years. 

 

Figure 1. Structure of the recurrent selection program for resistance to Ralstonia solanacearum in tobacco. 
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In the first year, the best S0:1 progenies were selected and recombined to create the cycle I (CI) population. 

A bulk of pollen from the best progeny was used for recombination, resulting in the generation of HS 

progenies. In the same field, the plants of each S0:1 progeny of cycle 0 (C0) were self-fertilized to obtain the 

S1:2 progenies of C0. 

In the second year, the HS progenies of CI and the S1:2 progenies of C0 and two check cultivars common to 

the two experiments were evaluated. A randomized complete block design was used for the experiment with 

HS progenies, consisting of 108 treatments, 3 replications, and the plots of one 5-m row. The spacing between 

the rows was 1.3 m, with 0.5 m between plants within the row, resulting in 10 plants per plot. 

The S1:2 progenies from C0 were evaluated by using a 10 × 10 triple lattice design, which included 100 

treatments. The details of the plot were the same as those used with the HS progenies. Border areas with a 

moderately resistant commercial cultivar were created to prevent environmental effects on adjacent plots and 

to set yield performance standards. Based on the disease incidence, the best progenies were identified for 

recombination. 

A similar procedure was adopted in the second crop year. In that case, 174 HS progenies of cycle II (CII) 

and 194 S0:1 progenies of CI were evaluated. Both experiments included a moderately susceptible check 

cultivar (SC) and a resistant check cultivar (RC). Thus, for the evaluation of the HS progenies, an 11 × 16 alpha 

lattice design was adopted, with three replications, and in the experiment with the S0:1 progenies, the experimental 

design was a 14 × 14 triple lattice. The plots with HS and S0:1 progenies had 10 plants. The crop treatments were the 

same as those recommended by the company to its partners growing the crop in the region. 

To guarantee the incidence of TBW, the plants were inoculated with R. solanacearum based on a 

method adapted from previous studies (Viana et al., 2012; Gonçalves et al., 2014). The bacterial isolate, 

collected in Tubarão, Santa Catarina State, Brazil, was characterized as biovar 1 and phylotype II (Viana 

et al., 2012). Approximately 40–50 days post-sowing, the plants were incised in the lower third of the 

roots using scissors. Following this procedure, the trays were promptly placed in aluminum trays 

containing a suspension of distilled water saturated with R. solanacearum (800 mL of suspension per 

tray). A second inoculation was performed 40–45 days after transplanting the seedlings. A suspension of 

R. solanacearum was prepared at an appropriate concentration. The plants were inoculated by spraying 

15 mL of the bacterial suspension through drenching the root collar. The inoculum was prepared from R. 

solanacearum cells stored in a 0.85% salt solution, using Petri dishes containing SPA media (sucrose 20  g 

L-1, peptone 10 g L-1, and agar 20 g L-1), incubated at 28°C in BOD incubator for 3 days. The colonies were 

collected and diluted in autoclaved distilled water until the optical density at 600 nm (OD 600) was 0.025, 

which corresponds to 1 × 106 colony-forming units (CFU) mL-1.  

The main goal was to select for TBW resistance, so the following traits were evaluated: (i) the incidence of 

TBW, determined as the percentage of plants with symptoms at 90 and 120 days after transplanting; and (ii) 

in the first crop year, agronomic performance was visually evaluated based on a scoring scale from 1 to 15, 

with 1 being the worst evaluation and 15 being the best, at 120 days. This evaluation considered standard 

phenotype (ideotype) within the varietal group and was used to correlate with the incidence of TBW. 

Because the TBW incidence data were not normally distributed, they were square-root transformed. 

Individual analyses of variance were performed using R (R Core Team 2024) and all effects were treated as 

random, except for the mean. The genetic variance among the progeny (𝜎̂𝑝
2) and the phenotypic variance 

among the means of the progenies (𝜎̂𝐹
2) were estimated from the expected mean squares. Heritability (ℎ2) was 

obtained for selection based on the means of progenies. In addition, the confidence interval of each h2 

estimate, including the lower limit (LL) and upper limit (UL), was determined. 

The Pearson correlations were estimated among the means for each progeny at different evaluation times. 

In the first year, the correlations among the evaluation times and the mean agronomic performance of the 

progenies were also estimated. 

As the number and type of progenies varied each crop year, check cultivars were used as a reference point 

to compare the performance of the progeny within different generations. This comparison consisted of an 

average percentage of progeny with disease symptoms relative to the check cultivars (d1 and d2 estimates). d1 

estimate refers to the SC and was estimated by the formula: (Mean of the SC −  Mean of the progenies)/

(Mean of the SC)  x 100. d2 refers to the RC and was estimated by the formula: (Mean of the RC −

 Mean of the progenies)/(Mean of the RC)  x 100. 
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Results and discussion 

The accuracy of the evaluation was moderate for both inbred progenies (S1:2 of C0 and S0:1 of CI) and non-

inbred progenies (HS of CI and HS of CII) (Table 1). Phenotyping plants in response to bacterial wilt disease 

is challenging. Several studies evaluating R. solanacearum resistance in tobacco or other species have reported 

similar experimental accuracy (Nishi et al., 2003; Qian et al., 2016; Costa et al., 2019). 

We used inbred (S0:1 and S1:2) and HS progenies to estimate genetic variation in the RS population. This is 

a favorable condition because the literature suggests that additive allelic interactions mainly control 

resistance to R. solanacearum in tobacco (i.e., TBW) and other species (Nishi et al., 2003; Maimbo et al., 2010; 

Lan et al., 2014; Qian et al., 2016; Drake-Stowe et al., 2017; Costa et al., 2019). The estimates of the confidence 

interval of heritability exhibited a negative lower limit.  

In the assessments of the HS progenies of CII and S0:1 progenies of CI, the accuracy estimates were 

significantly higher compared with those observed in the previous year (Table 1). The h2 estimates, as 

expected, were higher compared with those obtained in the previous year, except for the S0:1 progenies of CI. 

The h2 estimates might not differ from zero.  

Table 1. Estimates for the number of plants with symptoms (NPWS), obtained based on evaluation of the resistance to Ralstonia 

solanacearum of the S1:2 progenies of cycle 0 (C0) and the half-sib (HS) progenies of cycle I (CI) (for the 2016/2017 crop year) and the S0:1 

progenies of CI and the HS progenies of cycle II (CII) (for the 2018/2019 crop year). 

Type of progeny Days for evaluation1 Mean2 rgg
3 h2(4) LL5 UL6 

S1:2 of C0 
90 31,8 43.59 19.69 -12.02 43.56 

120 54,6 40.82 12.38 -15.24 41.94 

HS of CI 
90 37,1 49.21 23.40 -5.53 45.41 

120 43,1 59.07 35.71 11.43 54.18 

HS of CII 
90 28,7 51.55 21.88 -1.20 40.26 

120 72,5 62.23 29.41 8.56 46.02 

S0:1 of CI 
90 28,7 62.79 11.54 -12.87 31.29 

120 89,6 58.9 14.29 -9.37 33.42 
1Evaluation performed 90 and 120 days after transplanting. 2Mean of the progenies. 3Accuracy. 4Heritability. 5Lower limit of heritability. 6Upper limit of 

heritability. 

The number of symptomatic plants was low, particularly at 90 days after inoculation (Figure 2). However, 

as expected, the incidence of TBW increased at 120 days, and in some progenies, all plants within a plot 

exhibited symptoms. When considering both types of progeny, none showed complete resistance at 90 days 

after inoculation. It is important to highlight that symptom progression was more pronounced in the 

experiments conducted during the 2018/2019 season (HS of CII and S0:1 of CI). Based on the results, it is not 

possible to confirm whether the inbred or HS progenies performed better. As previously mentioned, because 

resistance to TBW is primarily controlled by additive allelic interactions, the inbred progenies would be 

expected to exhibit superior performance. 

We used common check cultivars to compare the performance of the progenies in different cycles. This 

procedure has constantly been used in other species, such as the common bean crop (Amaro et al., 2007; 

Rezende et al., 2014). The d1 and d2 estimates—calculated to compare the number of plants with disease 

symptoms in each progeny relative to the check cultivars (the SC and RC, respectively)—were not consistent 

(Table 2). The S1:2 progenies of C0 consistently showed negative estimates of the percentage compared to the 

SC (d1 estimates), regardless of the evaluation time. Thus, for this generation, the progenies exhibited a 

greater number of plants with symptoms than the SC. For the RC (d2 estimates), we observed the opposite only 

for the 90-day assessment. At 120 days, the RC had a smaller number of plants with symptoms than the 

progenies, indicating a negative response. The percentage, however, was considerably lower than observed in 

relation to the SC (Table 2). The percentage of CI progenies with symptoms, compared with the SC and RC, 

showed that the opposite occurred, except at the 90-day evaluation relative to the RC. All values were positive, 

indicating that the disease incidence of the check cultivars was greater than the means of the progenies. 

Overall, RS was effective in reducing the disease incidence from CI to C0. We did not find a published report 

where researchers used RS to promote resistance to R. solanacearum. 

When we assessed the mean relative performance of the CI and CII progenies with symptoms compared 

with the RC, the d1 estimates were not consistent with what we expected. The percentage was negative at the 

90-day assessment and positive at the 120-day assessment for the two cycles. Therefore, RS was effective, 
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mainly if the selection was done at 120 days, but the magnitude of the difference of the result from CI to CII was 

very small (CI = 8.17 and CII = 10.54). Given that the estimates are related to the same check cultivar, we infer that 

the means for CI and CII are higher than the mean for C0. In other words, the means of the CI and CII progenies 

with symptoms were lower than the mean of the C0 progeny, confirming the effectiveness of RS (Table 2). 

 

Figure 2. Heat map of the tobacco bacterial wilt disease (TWD) incidence (%) at 90 (A) and 120 (B) days after transplanting. Evaluation 

of the S1:2 progenies of cycle 0 (C0) and the half-sib (HS) progenies of cycle I (CI) (for the 2016/2017 crop year), and the HS progenies of 

cycle II (CII) and the S0:1 progenies of CI (for the 2018/2019 crop year). 

Table 2. Percentage estimate of the mean number of plants with symptoms in relation to the check cultivars: d1 in relation to the 

susceptible check cultivar (SC) and d2 in relation to the resistant check cultivar (RC). 

Cycle Generation 
d1(%)  d2(%) 

90 120  90 120  

C0 S1:2 -59.35 -11.79  13.33 -3.16  

CI HS 47.21 50.8  23.9 3.9  

CI S0:1 -50.96 8.17  17.99 4.72  

CII HS -57.77 10.54  7.26 4.3  

 

In this situation, we would expect there to be greater genetic variation among the inbred progenies 

because among the S0:1 progenies, 1 additive variance (VA) + 0.25 dominance variance (VD) occurs. For 

A) 

 

B) 
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the S1:2 progenies, genetic variance exploits 1.5 VA + 0.125 VD. In contrast, between the HS progenies, 

only 0.25 VA is exploited (Bernardo, 2020; Ramalho et al., 2024). However, the estimates we obtained did 

not reflect what we expected. The values were always low and without any tendency to be higher for the 

inbred progenies.  

The correlation (r) estimates between the dependent variable “x,” the incidence of TBW at 90 days, and 

the independent variable “y,” the incidence of TBW at 120 days, were positive (Table 3). There were significant 

and strong correlations for the first crop year, but not for the second crop year. Moreover, the correlations 

between the incidence of TBW and agronomic performance were always negative.  

Table 3. Estimates of the phenotypic correlations between agronomic performance and the number of plants with symptoms for the 

S1:2 progenies of cycle 0 (C0) and the half-sib (HS) progeny of cycle I (CI) (for the 2016/2017 crop year) and the S0:1 progenies of CI and 

the HS progenies of cycle II (CII) (for the 2017/2018 crop year). 

Generation   120 days Ideotype3 

S1:2 C0 
90 days1 0.8656* -0.7566* 

120 days2   -0.8604* 

HS CI 
90 days 0.8759* -0.6502* 

120 days   -0.7644* 

S0:1 CI 
90 days 0.2903*  

120 days     

HS CII 
90 days 0.2752*   

120 days     

*Significant at 5% probability by the t test. 1Evaluation made at 90 days after transplanting. 2Evaluation made at 120 days after transplanting. 3Visual 

evaluation of yield performance. 

In general, the screening techniques for plant diseases primarily include field testing (exposure to natural 

disease pressure) (Kakar et al., 2020) and greenhouse trials. However, researchers have found no correlation 

between the two assessment methods for most plant diseases. Successful screening hinges on conducting the 

disease assessment at the appropriate time, particularly when there are significant genetic variations in the 

plant response. We did not find reports of the best time for evaluating the incidence of TBW under field 

conditions. In a study conducted in a greenhouse, the authors assessed the incidence of TBW 15 days after 

inoculation under controlled conditions, temperature, and humidity (Tang et al., 2023). So, the question is 

when is the best time to evaluate the incidence of R. solanacearum? We found that the classification of the 

progenies regarding incidence remained consistent over time. Therefore, for field trials, we recommend 

starting evaluations 90 days after transplanting. 

It is worth mentioning that we aimed to determine the effectiveness of RS in selecting for resistance to R. 

solanacearum. Evidently, the success of RS depends on the existence of variation within the base population 

for the trait under selection. Our evaluations of different types of progenies, under the natural occurrence of 

the pathogen in the field and with artificial inoculation, indicate the presence of genetic variation, even 

though it is of a small magnitude. 

Conclusion 

Recurrent selection (RS) proved effective in reducing the incidence of R. solanacearum in tobacco, despite 

the low magnitude of genetic variation. There is no clear evidence suggesting that one type of progeny, be it 

inbreed or HS, is the most viable progeny type for conducting RS. Field evaluations should begin at 90 days 

post-transplanting, as progeny classification remained consistent over time. 

Data availability 

The data that support the findings of this study are not publicly available but are available from the authors 

upon reasonable request. 
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