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This study aimed to evaluate six cauliflower genotypes 
regarding their resistance to black rot and their pro-
duction performance. To do so, it was conducted two 
field experiments in Ipameri, Goiás, Brazil, in 2012 and 
2013. It was used a randomized block design, with four 
replications (total of 24 plots). Each plot consisted of 
three planting lines 2.5 m long (six plants/line), spaced 
1.0 m apart, for a total area of 7.5 m2. Evaluations of 
black rot severity were performed at 45 days after 
transplanting, this is, 75 days after sowing (DAS), and 
yield evaluations at 90 to 105 DAS. The Verona 184 
genotype was the most resistant to black rot, showing 
1.87 and 2.25% of leaf area covered by black rot symp-
tom (LACBRS) in 2012 and 2013. However, it was not 
among the most productive materials. The yield of the 
genotypes varied between 15.14 and 25.83 t/ha in both 
years, Lisvera F1 (21.78 and 24.60 t/ha) and Cindy 
(19.95 and 23.56 t/ha) being the most productive. How-
ever, Lisvera F1 showed 6.37 and 9.37% of LACBRS 
and Cindy showed 14.25 and 14.87% of LACBRS in 
2012 and 2013, being both considered as tolerant to 
black rot. 

Keywords : Brassica oleracea var. botrytis, disease resistance, 
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Cauliflower is very important, particularly for the family 
farmers who, generally, cultivate small areas throughout 
the year (Monteiro et al., 2010). According to May et al. 
(2007), well developed commercial plantations produce 
15,000 to 20,000 marketable “heads” per hectare. As each 

plant produces only one head, weighing from 1 to 2 kg, in 
practice, one gets yields of 15 to 25 t/ha. The consumption 
of this vegetable is growing in Brazil, where the product 
comes from the States of São Paulo and Paraná, which in-
creases the final consumer price (Zanuzo et al., 2013). 

Black rot, caused by the Xanthomonas campestris pv. 
campestris bacterium, is considered the most important dis-
ease of crucifers, resulting in considerable yield and quality 
reductions (Sousa et al., 2003; Seabra Júnior et al., 2013). 
Even when adapted to the soil and climate conditions, the 
production of crucifers can be limited by the occurrence 
of diseases (Peruch et al., 2006). The X. campestris pv. 
campestris bacterium is favored by high temperatures and 
air humidity, making black rot one of the most destructive 
diseases of crucifers, mainly in the rain period (Marin-
goni, 2005; May et al., 2007; Sousa et al., 2003). Black rot 
occurs in up to 88.9% of cauliflower plantations, which 
confirms it is the main disease of crucifers (Peruch et al., 
2006). According to Maringoni (2005), the presence of the 
pathogen is first revealed by the darkening of the parenchy-
ma, located on the leaf edges. Subsequently, the affected 
area spreads rapidly from the edges to the center of the 
leaves, resulting in the emergence of “V”-shape chlorotic 
areas, closing from the edges to the center of the leaf blade. 

Black rot can be controlled through healthy propagating 
material and adoption of agricultural practices that limit 
bacterial dissemination. However, the most efficient way 
of controlling the disease is to use resistant cultivars (Villeth 
et al., 2009). Moreover, the use of resistant cultivars is one 
of the most sustainable options, in comparison with chemi-
cal products used to control various diseases (Rodrigues 
et al., 2004; Seabra Júnior et al., 2008). Thus, the evalua-
tion of the resistance of cauliflower cultivars to black rot is 
very important for material recommendation and resistance 
source selection (Morais Júnior et al., 2012). Such informa-
tion, associated with the yield performance of the material 
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will make it possible to recommend the best material for 
cultivation in the region where the study was conducted 
(May et al., 2007). This study aimed at evaluating six cauli-
flower genotypes regarding their resistance to black rot and 
their yield performance.

The experiments were conducted in the Goiás State Uni-
versity of Goiás (UEG), Ipameri, Brazil (latitude 17º41’ S, 
longitude 48º11’ W, altitude 800 m), in dystrophic red-yel-
low oxisol with pH of 7.1. According to soil analysis, Ca, 
Mg, Al and H + Al contents were estimated at 2.1, 1.3, 0.0, 
and 1.5 cmolc/dm. For P and K contents, it was founded 9.6 
mg/dm and 102 mg/dm, respectively. The dates were: ex-
periment 1 (01-16-2012 to 04-28-2012), experiment 2 (01-
24-2013 to 04-27-2013). At 30 days after sowing (DAS), 
the seedlings (4 to 5 definitive leaves) were transplanted to 
the experimental area, which received plantation fertiliza-
tion with 55 kg/ha of N, 295 kg/ha of P2O5, 75 kg/ha of K2O 
and 340 g/ha of B. The top-dressing fertilizations (48 kg/
ha of N and 83 kg/ha of K2O) were carried out at 30 and 50 
days after transplant (DAT). The crop was drip-irrigated, 
weed control was made by manual weeding and, pest con-
trol was carried out at 7, 14, 21, 28, 35 and 42 DAT, by 
alternating the following insecticides: Connect® at 500 ml/
ha (Imidacloprid 100 g/l and Beta-cyfluthrin 12.5 g/l, Bayer 
CropScience Ltd.); Decis 25 EC® at 135 ml/ha (Deltame-
thrin 25 g/l, Bayer CropScience Ltd.) and Ampligo® at 150 
ml/ha (Lambda-Cyhalothrin 50 g/l and Chlorantraniliprole 
100 g/l, Syngenta AG). The six evaluated genotypes were 
(a) five hybrid: Sarah AF 1169, Sharon, Cindy (Sakata 
Seed Sudamerica Ltda.), Lisvera F1 (Clause Brasil Comér-
cio de Sementes Ltda.), Verona 184 (Seminis Vegetable 
Seeds, Inc.); and (b) one open pollinated/black rot resistant 
material: Piracicaba Precoce (ISLA Sementes Ltda.). It was 
used a randomized block design (RBD), with six treatments 
and four replications, for a total of 24 plots. Each plot con-
sisted of three planting lines 2.5 m long (six plants/line), 
spaced 1.0 m apart, for a total area of 7.5 m2. The evalua-
tions of black rot severity and productivity were carried out 
in both experiments. No inoculations of X. campestris pv. 
campestris were made, which black rot occurred naturally 
in both experiments. 

The evaluation of the resistance of the genotypes to 
black rot was carried out at the critical plant development 
stage for the disease, this is, 75 DAS, using an adapted 
grade scale of Henz and Melo (1994), as follows: Grade 0: 
Leaves without black rot symptoms (BRS); Grade 1: Plants 
with up to 15% of leaves with BRS, one or two small le-
sions (up to 1.5 cm in diameter); Grade 2: Plant with 15 
to 30% of leaves with BRS; three to five medium lesions 
(1.5 to 4.0 cm in diameter); Grade 3: Plant with 30 to 50% 

of leaves with BRS; five or more large lesions (>4.0 cm 
in diameter); Grade 4: Plant with 50 to 75% of leaves with 
BRS; presence of coalesced lesions and leaf blight and; 
Grade 5: Plant with 75 to 100% of leaves with BRS or dead 
plant. Thus, for evaluation of black rot severity, five plants 
of the main line were used randomly for each plot. For sta-
tistical analyses, the mid-point of each attributed grade was 
taken into account, which allowed to express the results in 
percentage of injured leaf area. 

For evaluation of the productivity and its components, 
the harvest was carried out between 90 and 105 DAS. 
For the evaluations, it was considered the six plants of the 
plot’s central line. Thus, the evaluated characteristics were: 
(1) average number of leaves per plant (NLP), (2) average 
diameter of the stem (DS), (3) average transversal diameter 
of the head (TD), (4) average height of the head (HH) and, 
(5) productivity (PRO). 

Results were submitted to analysis of variance and Scott-
Knott test (P≤0.05), using the statistical software SISVAR 
5.3 (Ferreira, 2011). 

In the evaluation of black rot severity in 2012, the dis-
ease was statistically less severe in the Verona 184 geno-
type, with only 1.87% of the leaf area covered by black 
rot symptom (LACBRS), whereas the other genotypes 
had between 4.87 and 14.25% of LACBRS (Table 1). On 
the other hand, in the evaluation of severity in 2013, the 
disease was again statistically less severe in the Verona 
184 genotype, with 2.25% of LACBRS, however not dif-
fering from the Sharon genotype, which showed 3.75% of 
LACBRS. The other genotypes stood in statistically higher 

Table 1. Severity (leaf area covered by black rot symptoms) at 75 
DAS in six cauliflower genotypes, Ipameri, Goiás, Brazil, 2012-
2013a

Genotype
Severity: leaf area covered by 

black rot symptom (%)a

2012 2013
Verona 184  1.87 aA  2.25 aA
Sharon  4.87 bA  3.75 aA
Lisvera F1  6.37 bA  9.37 cB
Piracicaba Precoce  7.87 bA  7.12 bA
Sarah AF 1169 13.25 cA 12.37 dA
Cindy 14.25 cA 14.87 dA

Averageb 8.08 A 8.29 A

Coefficient of variation (%) 26.28 22.37
aAverages followed by the same lower case letters in the columns 
and upper case letters in the lines do not differ statistically, according 
Scott-Knott test (P≤0.05); bGeneral severity average for all geno-
types.
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ranges of LACBRS, with percentages varying between 7.12 
and 14.87%. All genotypes kept similar percentages of 
LACBRS in both crop years, except Lisvera F1. This geno-
type had a significant increase in LACBRS (%) from 2012 
(6.37%) to 2013 (9.37%).

The evaluation of NLP in 2012 showed no statistical dif-
ference between genotypes, except for Piracicaba Precoce, 
which had a lower NLP than the other treatments (Table 2). 
In 2013, on the other hand, Lisvera F1, Sarah AF 169 and 
Cindy differed from the other genotypes, showing a statis-
tically higher NLP (23.99, 24.58 and 23.03, respectively). 
Lisvera F1, Piracicaba Precoce and Cindy kept similar per-
centages of NLP in both crop years, whereas Verona 184, 
Sharon and Sarah AF 1169 showed lower values of NLP 
in 2013 (21.95, 20.79 and 24.58, respectively) than in 2012 
(26.03, 25.33 and 27.91, respectively). 

In 2012, there was no difference between the genotypes 
as regards DS, whereas in 2013, Verona 184, Sharon, Lis-
vera F1 and Cindy were statistically superior to Piracicaba 
Precoce and Sarah AF 1169. In both harvests, the geno-
types did not differ as regards TD and HH.

Regarding productivity, only Lisvera F1 and Cindy were 
superior to the other genotypes in both crop years. In 2012, 
these genotypes produced 21.78 and 19.95 t/ha, respective-
ly. In 2013, the productivity was 24.60 and 23.56 t/ha, respec-
tively. In 2013, the productivity of Verona 184 and Sharon 
was similar to that of Lisvera F1 and Cindy. However, in 
2012 such fact was not confirmed. Lisvera F1 was more 
stable than Cindy, as it showed no significant difference of 
productivity in both crop years.

Aiming to compare the genotypes (Sarah AF 1169, Sha-
ron, Cindy, Lisvera F1 and Verona 184) with a material 
without the disease, the black rot resistant genotype Piraci-
caba Precoce was included in this study. However, these 

plants were also affected by the disease. Therefore, there is 
not resistant material for the Ipameri region.

In this study, attention was paid to the repetition of the 
tests, in two harvests: experiment 1 (01-16-2012 to 04-28-
2012), experiment 2 (01-24-2013 to 04-27-2013), since 
the indication of cauliflower cultivars on the basis of the 
averages of the production traits and disease resistance 
traits when evaluated in only one harvest are not totally 
consistent (Morais Júnior et al., 2012). The same authors 
show the importance of conducting more studies about the 
performance of cauliflower genotypes for various Brazil-
ian regions, particularly those evaluated in more than one 
harvest. According Jensen et al. (2005), the symptoms ap-
peared in the field at 60 DAS. Therefore, attempts has been 
made to the evaluation of the resistance of the genotypes to 
black rot, which was carried out at the critical plant devel-
opment stage for the disease (75 DAS).

Morais Júnior et al. (2012) evaluated the same materi-
als as the present study during the 2008/2009 harvest and 
verified that the Cindy genotype showed a higher black rot 
severity than the other materials. However, it was among 
the most productive (yield was 31.2 t/ha). After evaluation 
in both harvests (2012 and 2013), Cindy has proven toler-
ant to black rot, since it showed the highest severity rate 
among the genotypes (14.25% and 14.87% of LACBRS 
in 2012 and 2013, respectively), being even so among the 
most productive genotypes in both years (19.95 and 23.56 
ton/ha in 2012 and 2013, respectively). The data obtained 
in the present study, associated with those obtained by 
Morais Júnior et al. (2012), do not agree with Santos et al. 
(2008), who classified the Cindy genotype as moderately 
resistant. Jiang et al. (2011) reported that not only resistant 
genotypes, but also susceptible ones possess defense re-
sponse mechanisms. However, on the basis of the results 

Table 2. Average number of leaves per plant (NLP), average diameter of the stem (DS), average transversal diameter of the head (TD), 
average height of the head (HH) and productivity (PRO), of six cauliflower genotypes, Ipameri, Goiás, Brazil, 2012-2013a

Genotype
NLP DS (cm) TD (cm) HH (cm) PRO (t/ha)

2012 2013 2012 2013 2012 2013 2012 2013 2012 2013

Verona 184 26.03 aA 21.95 bB 3.26 aA 3.43 aA 18.88 aA 18.99 aA 10.72 aA 11.74 aA 18.39 bB 25.83 aA
Sharon 25.33 aA 20.79 bB 3.30 aA 3.26 aA 17.98 aA 19.16 aA 10.84 aA 11.49 aA 16.89 bB 24.86 aA
Lisvera F1 24.01 aA 23.99 aA 3.41 aA 3.20 aA 18.61 aA 17.87 aA 11.03 aA 11.33 aA 21.78 aA 24.60 aA
P. Precoce 20.74 bA 21.62 bA 3.03 aA 3.10 bA 19.30 aA 18.82 aA 11.39 aA 10.49 aA 15.14 bA 15.84 cA
Sarah AF 1169 27.91 aA 24.58 aB 2.87 aA 2.90 bA 19.12 aA 16.74 aB 10.56 aA 10.29 aA 17.94 bA 18.98 bA
Cindy 24.25 aA 23.03 aA 3.21 aA 3.20 aA 19.62 aA 18.20 aA 12.10 aA 11.49 aA 19.95 aB 23.56 aA

Coefficient of 
variation (%) 6.99 6.43 8.20 4.46 7.55 7.02 9.47 7.40 12.14 6.72

aAverages followed by the same lower case letters in the columns and upper case letters in the lines do not differ statistically, according to Scott-
Knott test (P≤0.05).
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presented in Tables 1 and 2 of the present study, tolerance 
is a term more appropriate to the Cindy genotype.

Traits related to vegetal production are subject to the ge-
netic control of the organism and to the environment where 
it is cultivated, as well as to the interaction between these 
two factors and, as is well known, a genotype can suffer 
environmental impact according to the evaluated year (An-
nicchiarico, 2002). In this context, it is important to point 
out that all genotypes showed stability during both years, 
regarding their reaction to black rot. The only exception 
was Lisvera F1, which had a significant increase in LAC-
BRS from the first to the second crop year, being the only 
one that suffered environmental impact.

According to Jensen et al. (2005) and Santos et al. (2008), 
diverse races of X. campestris pv. campestris have already 
been recorded, indicating the existence of pathogenic vari-
ability. Verona 184 stood out from the other genotypes due 
to a lower and significant LACBRS rate, which suggests 
that the genetic variability obtained in the pathogen popula-
tion was not enough to break the resistance of the genotype 
from one year to the other. What is known about X. camp-
estris pv. campestris is that a population can be spontane-
ously recombined. In Brazil, however, there is no report of 
resistance breakdown from one year to the other, especially 
due to the lack of information about the pathosystem X. 
campestris pv. campestris-crucifers (Santos et al., 2008).

Regarding NLP, it was found that Lisvera F1, Sarah AF 
1169 and Cindy showed higher averages in both evalua-
tion years (Table 2). In other studies with similar purposes, 
different results were found regarding the average num-
ber of leaves, sometimes higher (Monteiro et al., 2010), 
sometimes lower (Godoy and Cardoso, 2005). Genetic 
improvement has tried to improve the production potential 
of various crops by taking account of their ideotype. With 
an increase in the number of leaves, one could obtain an 
increase in the leaf area index, resulting in higher photo-
synthetic capacity, provided one considers an insertion 
angle of the superior leaves, of the erect type (May et al., 
2007). In the case of the present study, it do not point out 
any abnormality regarding NLP, since the productivity of 
the materials varied between 15.14 and 25.83 t/ha, which is 
considered normal for cauliflower, whose production po-
tential varies between 15 and 25 t/ha (May et al., 2007).

Besides not being the most productive genotypes in 
2012, Piracicaba Precoce and Sarah AF 1169 had a sig-
nificantly lower productivity (t/ha) than other genotypes in 
2013. This can be explained by the fact that these two gen-
otypes also differed from the others regarding DS in 2013. 
According to Monteiro et al. (2010), thicker stems, besides 
being more capable for supporting heavier heads, can also 

present higher productivity, since they show a higher num-
ber of transport vessels for translocation of water and pho-
toassimilates. Still regarding productivity, attention must be 
paid to Verona 184, Sharon and Cindy, which varied sig-
nificantly from one year to the other, which suggests that 
these three genotypes were those which were most affected 
by the environmental impact on the productivity (t/ha) trait. 
In this respect, Lisvera F1 stood out from the others due to 
be the only one among the most productive genotypes in 
both crop years and did not suffer productivity alterations. 

Camargo et al. (2008) evaluated the productivity of the 
Sharon genotype and observed an average of 18.36 t/ha. 
Considering this value, one gets that this genotype showed 
a productivity average lower in 2012 (16.89 t/ha) and 
higher in 2013 (24.86 t/ha), which confirms that it suffered 
environmental impact on the productivity trait. Considering 
the average of 15.47 t/ha found by Castoldi et al. (2009) in 
their genotypes, the productivity values showed in Table 
2 of the present study are higher; however, if compared to 
Morais Júnior et al. (2012), (average of 30.45 t/ha) they are 
lower. This occurs because productivity, influenced by the 
resistance of the plants to black rot, consists of a complex 
systematic process, including biological and biochemical 
components in the expression of the resistance of the genes 
and in the common mechanisms of reaction to abiotic stress 
(Jiang et al., 2011). 

Regarding TD, the genotypes did not differ statistically in 
any of the crop years. However it was found that for Sarah 
AF 1169, TD was significantly lower in 2013, which sug-
gests that this trait shows some sensitivity to environmental 
changes, but does not allow generalizations about the stan-
dard of a particular cultivar for this trait (Morais Júnior et 
al., 2012). Although the genotypes did not differ regarding 
TD, this trait is relevant, since cultivars with larger heads 
are more appreciated, due to fitting into the higher classes 
of the classification rules (Hortbrasil, 2011).

No difference between genotypes was found in the 
evaluation of HH. This trait was evaluated because, to-
gether with DS, it gives some insight of the head shape, 
which also influences the commercial value (Monteiro et 
al., 2010). HH values found by Godoy and Cardoso (2005) 
were higher (13.7 cm). One of the factors explaining this 
difference could rely on the difference of genotypes and 
growing site.

Verona 184 presented a lower black rot severity than the 
other genotypes, in both crop years, with no statistical dif-
ference of severity from one year to the other. However, it 
was not among the most productive genotypes, considering 
the two years. Lisvera F1 and Cindy were the most produc-
tive genotypes in both crop years. However, Lisvera F1 
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stood out for not having suffered productivity alterations 
from one year to the other. Besides, Lisvera F1 presented a 
lower black rot severity than Cindy in both years. Finally, 
among the six genotypes, Lisvera F1 and Cindy can be 
considered as tolerant to black rot. Cindy for being among 
the most productive genotypes in both years, although be-
ing the most affected by black rot, and Lisvera F1 for keep-
ing its productivity constant, even with the increase in the 
severity of the disease in 2013. Therefore, the conclusions 
of this study are: (1) Lisvera F1 and Cindy are the most 
productive genotypes, besides showing a tolerant behavior 
to black rot and (2) The Verona 184 genotype is the most 
resistant to black rot, being recommended for crop rotation.
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