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APRESENTAÇÃO

O livro “Aspectos Fitossanitários da Agricultura” é uma compilação de trabalhos 
de pesquisas sobre manejo fitossanitário na agricultura brasileira. A obra reúne 
trabalhos de diferentes regiões do país, analisando a área do Manejo fitossanitário 
sob diferentes abordagens. 

É necessário conhecer esses temas sob diversas visões de pesquisadores, a 
fim de aprimorar conhecimentos, relações interespecíficas e desenvolver estratégias 
para a utilização do conhecimento acerca das formas de controle de patógenos e 
insetos m culturas agrícolas. 

O trabalho contínuo de pesquisadores e instituições de pesquisa tem permitido 
grandes avanços nessa área. Assim, apresentamos neste trabalho uma importante 
compilação de esforços de pesquisadores, acadêmicos, professores e também da 
Atena Editora para produzir e disponibilizar conhecimento neste vasto contexto. 

Mônica Jasper
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ABSTRACT: Bacterial speck (P. syringae pv. 
tomato – Pst) is one of the main tomato crop 
diseases in Brazil, being found in all producing 
regions, while bacterial blight (P. cichorii – Pc) 
has been reported only in São Paulo state. The 
use of cultivars with resistance levels is one of 

the main ways of managing bacterial diseases, 
and for this reason, this work evaluated the 
reaction of 20 tomato cultivars to Pst and Pc. 
Plants were inoculated by spraying bacterial 
suspension (108 CFU.mL−1) onto the aerial part, 
under greenhouse conditions, and severity 
assessments were based on disease scales 
described for Pst and Pc. The cultivars were 
classified based on the areas under the disease 
progression curves. The cultivars Andrea 
Victory, Sheila and Débora Pto were classified 
as resistant to Pst, while Santa Clara and 
Rebeca were resistant to Pc. These cultivars 
are indicated for planting in tomato fields with 
historic of occurrence of these bacteria and 
for breeding programmes for incorporation of 
resistance genes to Pst and Pc.
KEYWORDS: bacterial diseases, resistance, 
disease management.

1 | 	INTRODUCTION

Tomato (Solanum lycopersicum) is 
the second most cultivated vegetable in the 
world (FAOSTAT, 2019), and some diseases 
may limit tomaticulture in certain growing 
seasons and regions of Brazil, either due to 
the absence of efficient management practices 
or to the increase of production costs with the 
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application of pesticides. Bacterial diseases, especially of the genus Pseudomonas 
spp., are among the main diseases affecting tomato crops in Brazil and worldwide 
(INOUE-NAGATA et al., 2016; LOPES; ÁVILA, 2005).

Bacterial speck (Pseudomonas syringae pv. tomato – Pst) has been occurring 
in Brazil in tomato crops in the most varied production systems. Symptoms affect 
the entire aerial part of the plant, and include round spots varying from dark brown 
to black, which may have yellowish halos. In addition to the loss of photosynthetic 
area, small black lesions are formed on the surface of the fruit, being detachable with 
slight friction (INOUE-NAGATA et al., 2016; JONES et al., 2016). The occurrence of 
Pseudomonas cichorii (Pc) in Brazil was reported in 2007 in tomato fields in the state 
of São Paulo, where the plants presented symptoms of widespread leaf blight (SILVA 
JÚNIOR et al., 2009a). Pc has also been reported in New Zealand (PAULA WILKIE; 
DYE, 1974) and Cuba (PÉREZ, 1984).

The management of tomato leaf bacterial diseases is based on the use of high-
quality phytosanitary seeds and seedlings, drip irrigation, elimination of voluntary 
plants and crop residues, crop rotation, and applications of copper-based chemicals, 
while the use of cultivars with resistance levels is the most efficient method to reduce 
production costs and yield losses (INOUE-NAGATA et al., 2016; JONES et al., 2016).

For Pst, sources of genetic resistance have already been identified in cultivar 
Ontario 7710, accession PI 126430 and the F1 generation of crossing between 
Ontario 7710 and accession PI 126430 (PILOWSKY; ZUTRA, 1986); in the cultivars 
Agrocica Botu-13 and Ontario 7710, and the genotypes PI 127807, PI 128216-
1-2 and PI 126932-1-2 (KRAUSE et al., 2001); in varieties MI8I2, Kujawski and 
Warszawski (KOZIK, 2002), and in the Zenith genotypes XPH 5976, XPH 5978, 
XPH 5979, XPH 12044, XPH 12045, XPH 12066, XPH 12067, XPH 12068 and XPH 
12070 (MALAVOLTA JÚNIOR et al., 2002). Regarding Pc, the only study developed 
identified the genotypes AF 11768, AF 2521, AF 11766, AF 11772, AF 229, AF 5719-1 
and AF 8162 with resistance levels (SILVA JÚNIOR et al., 2009b), and no information 
is available on the resistance of tomato cultivars.

Knowledge of sources of genetic resistance to bacteria of the genus 
Pseudomonas, with importance for tomato crop, is extremely important for 
improvement of the management of bacterial diseases. For this reason, our study 
evaluated the resistance of 20 commercial tomato cultivars to Pst and Pc.

2 | 	MATERIAL AND METHODS

Two experiments were carried out in the Plant Bacteriology Laboratory and 
greenhouse of the Departamento de Proteção Vegetal, at the Faculdade de Ciências 
Agronômicas – FCA/UNESP, Botucatu, SP. The experiments were developed in 
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April 2012 and September 2013 to evaluate the reaction of tomato cultivars Andrea 
Victory, Carmen, Débora Max, Débora Pto, Gaúcho, Gaúcho Melhorado, IPA 6, IPA 
6 HT, Santa Adélia, Santa Clara, Santa Clara I5300, Santa Clara 5800, Santa Cruz, 
Santa Cruz Kadá Gigante, Sheila, Tyna and Yandara to Pst and Pc. Plants were 
obtained in trays of 128 cells containing organo-mineral substrate (Tropstrato HT®) in 
a greenhouse (22–28 °C/60–90% U.R.).

For inoculation, strains Tom 3190 from Pst and Tom 3091 from Pc were 
previously cultivated in nutrient sucrose agar (NSA) culture medium [20 g.L−1 nutrient 
agar (Merck) and 5 g.L−1 sucrose (Sigma-Aldrich)], and inoculation was performed 
by spraying bacterial suspension [108 CFU.mL−1 (OD600 = 0.1)] on the abaxial and 
adaxial areas of the leaves of tomato plants (four definitive leaves stage) until run off. 
As negative control, plants of the same cultivars were sprayed with distilled water. To 
improve the bacterial penetration in the leaf tissues, the plants were kept in a humid 
chamber for 24 h before and after inoculation.

Symptom severity was evaluated 5, 7, 9, 11 and 13 days after inoculation, and 
three leaves per plant were evaluated using diagrammatic disease severity scales. 
For Pst, a scale with values from 0 to 5 was used, where 0 – absence of symptoms; 
1 – small and sparse punctiform lesions; 2 – large punctiform lesions; 3 – larger 
and sparse lesions; 4 – larger lesions, affecting much of the leaf limb, but without 
coalescence; and 5 – large lesions, coalescing, affecting more than 50% of the leaf 
limb (MALAVOLTA JÚNIOR et al., 2002). For Pc, the scale ranged from 1 to 5, where 
1 – absence of symptoms in plant leaves; 2 – presence of soaked spots on the leaf 
edges; 3 – soaked spots in 25% of the leaf limb; 4 – soaked spots in more than 50% 
of the leaf limb; and 5 – dead leaf (SILVA JÚNIOR et al., 2009b).

The experimental design was completely randomized with 60 treatments (20 
tomato cultivars × 2 bacteria, and 20 negative controls) with 15 repetitions, represented 
by one plant. From the results of the severity values, the areas under the bacterial 
speck and bacterial blight progress curves (AUDPC) were calculated for each cultivar 
evaluated (CAMPBELL; MADDEN, 1990). The values were subjected to analysis 
of variance, and the means compared by Tukey test at 5% probability (p < 0.05). 
To classify the reactions of the cultivars to bacterial speck and bacterial blight, the 
tomato cultivars were separated into three groups: resistant (R) (AUDPC less than 
50% of the cultivar with the highest AUDPC), moderately resistant (MR) (AUDPC 
51–60% of the cultivar with the highest AUDPC) and susceptible (S) (AUDPC above 
60% of the cultivar with the highest AUDPC).
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3 | 	RESULTS

The results showed a significant difference between treatments by Tukey test 
at 5% probability, indicating different resistance levels of tomato cultivars to Pst and 
Pc (Tables 1 and 2). 

For Pst, the cultivars Débora Pto, Andrea Victory and Sheila were classified as 
resistant, with mean AUDPC values ranging from 0 to 4.80. Cultivars Lana, Rebeca 
and Carmen showed a moderate resistance level, with average AUDPC values 
ranging from 6.82 to 7.86. The other cultivars were classified as susceptible (Table 1).

All cultivars evaluated were susceptible to Pc despite the statistical differences 
between cultivars in both experiments. The average AUDPC values ranged from 
12.97 to 17.33, and the cultivars Gaúcho, Débora Pto, Carmen, IPA 6 HT, Lana and 
Rebeca presented the lowest average AUDPC values (Table 2). Although susceptible 
to Pc, the cultivars Carmen, Débora Pto, Lana and Rebeca showed considerable 
levels of resistance to Pst.

Cultivar AUDPC 
Experiment 1 Cultivar AUDPC 

Experiment 2 Cultivar Average   
AUDPC

Resistance 
Level

Débora Pto 0,00 a* Debora Pto 0,00 a Débora Pto 0,00 R

Andrea 
Victory

2,03 b Sheila 6,28 b Andrea Victory 4,61
R

Sheila 3,31 b Andrea Victory 7,19 b Sheila 4,80 R

Rebeca 4,17 c Santa Cruz 7,72 b Lana 6,82 MR

Lana 5,06 c Lana 8,57 b Rebeca 7,76 MR

Yandara 5,28 c Carmen 9,64 b Carmen 7,86 MR

IPA 6 HT 5,39 c S. C. Kadá Gigante 9,68 b Lumy 8,09 S

Tyna 5,42 c Lumy 10,65 c Tyna 8,66 S

Lumy 5,53 c Santa Clara i5300 11,22 c Santa Cruz 9,70 S

Carmen 6,08 c Rebeca 11,34 c IPA 6 HT 9,79 S

G. 
Melhorado

6,42 c Gaúcho 11,81 c Gaúcho 
Melhorado 9,83

S

Santa Clara 6,89 c Tyna 11,90 c Yandara 9,93 S

IPA 6 8,17 d Débora Max 12,22 c Santa Clara i5300 10,22 S

Débora Max 8,67 d Gaúcho Melhorado 13,24 c S. C. Kadá 
Gigante 10,38

S

Santa Clara 
5800

9,11 d Santa Clara 13,97 d Santa Clara 10,43
S

Santa Clara 
i5300

9,22 d IPA 6 HT 14,18 d Débora Max 10,45
S

Santa Adélia 10,94 e Yandara 14,57 d Gaúcho 11,59 S

S.C. Kadá 
Gigante

11,08 e Santa Adélia 15,93 d IPA 6 12,29
S

Gaúcho 11,36 e Santa Clara 5800 16,08 d Santa Clara 5800 12,60 S

Santa Cruz 11,67 e IPA 6 16,40 d Santa Adélia 13,44 S

Table 1. Area under the bacterial speck progress curves (AUDPC) and reaction of 20 tomato 
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cultivars to Pseudomonas syringae pv. tomato in two experiments.
 * Average followed by the same letter in the column do not differ from each other by the Tukey test at 5% 

probability.

Cultivar AUDPC 
Experiment 1 Cultivar AUDPC 

Experiment 2 Cultivar Average   
AUDPC

Resistance 
Level

IPA 6 10,86 a* Gaúcho 11,19 a Gaúcho 12,97 S

Santa Clara i5300 12,81 b Rebeca 12,58 b Debora Pto 13,39 S

Gaúcho 
Melhorado 13,78 c Debora Pto 12,77 b Carmen 13,95 S

Rebeca 14,00 c IPA 6 HT 13,50 b IPA 6 HT 14,29 S

Sheila 14,75 c Lana 13,65 b Lana 14,48 S

Lumy 14,83 c Yandara 14,14 c Rebeca 14,50 S

Santa Cruz 15,06 c Santa Clara 5800 14,21 c Débora Max 14,77 S

Lana 15,08 c Santa Cruz 14,28 c Andrea 
Victory 15,52 S

Santa Clara 5800 15,31 c Santa Clara i5300 14,40 c Lumy 15,52 S

Tyna 15,47 c Tyna 14,68 c Santa Clara 
5800 15,54 S

Santa Clara 16,42 d Carmen 15,08 c Santa Cruz 15,73 S

Yandara 16,55 d Sheila 15,39 c Santa Clara 
i5300 15,76 S

Carmen 16,64 d Lumy 15,56 c Santa Clara 16,26 S

Debora Pto 16,86 d Débora Max 15,75 c Gaúcho 
Melhorado 16,56 S

Andrea Victory 17,11 d Santa Clara 15,88 c Yandara 16,63 S

Gaúcho 17,17 d S. C. Kadá 
Gigante 17,06 d Sheila 16,64 S

Débora Max 17,44 d Santa Adélia 18,10 d Tyna 16,69 S

IPA 6 HT 17,89 e Gaúcho 
Melhorado 18,29 d IPA 6 16,70 S

S. C. Kadá 
Gigante 18,69 e IPA 6 18,33 d S. C. Kadá 

Gigante 17,25 S

Santa Adélia 19,11 e Andrea Victory 20,17 e Santa Adélia 17,33 S

Table 2. Area under the bacterial blight progress curves (AUDPC) and reaction of 20 tomato 
cultivars to Pseudomonas cichorii in two experiments.

* Average followed by the same letter in the column do not differ from each other by the Tukey test at 5% 
probability.

4 | 	DISCUSSION

The use of cultivars with resistance levels directly influences multiplication of 
the pathogen in the plant host, as well dispersion in the cultivation fields, reducing the 
disease development rate (CAMARGO, 2018). Thus, the evaluation of quantitative 
parameters, such as disease severity, is efficient for classifying cultivars based on 
their susceptibility or resistance to a pathogen (JEGER; VILJANEN-ROLLINSON, 
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2001). This has already been proven for some tomato bacterial diseases, such as 
bacterial spot (Xanthomonas vesicatoria) (LOBO; LOPES; GIORDANO, 2005) and 
bacterial wilt (Ralstonia solanacearum) (LIMA et al., 2010), and for bacterial speck 
(Pst) (SHENGE; MABAGA; MORTENSEN, 2007) and bacterial blight (Pc) (SILVA 
JÚNIOR et al., 2009b), the objectives of this study.

The use of tomato cultivars with levels of genetic resistance also stands out 
in the more efficient management of bacterial diseases due to the ease with which 
phytobacteria acquire resistance to many chemicals, especially cuprics, thus reducing 
the efficiency of chemical control. The genes responsible for conferring resistance to 
copper in P. syringae are the copABCD operon and copRS, which are present in a 
genome island at tRNA-Lys or in a plasmid (FEIL et al., 2005).

Large-scale use of resistant cultivars may lead to the emergence of new pathogen 
races. For Pst, resistance is conferred by the incomplete dominance of the Pto gene, 
and strains of this bacterium may present a significant difference in virulence between 
strains and tomato genotypes (KOZIK, 2002; KOZIK; SOBICZEWSKI, 2000). In our 
study, different Pst and Pc strains and their interaction were not analysed, which 
justifies the execution of new experiments with new strains, to confirm the results 
obtained here.

Our results showed that the cultivars IPA 6 and Santa Clara were also susceptible 
to Pst, the same as the results obtained by Malavolta Júnior et al. (2002). As also 
observed by Silva Júnior et al. (2009b), tomato cultivars with the Pto gene also 
presented lower AUDPC values for Pc, the same results as obtained for the cultivar 
Débora Pto in our study. The other tomato cultivars used in our study had not yet 
been evaluated for Pst and Pc resistance, and so far there are no reports of tomato 
cultivar resistance to Pc in Brazil. However, it is known that some non-commercial 
genotypes have levels of resistance to this bacterium (SILVA JÚNIOR et al., 2009b), 
and these may be used in tomato breeding programmes to incorporate Pc resistance 
genes.
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