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The purpose of treating seeds chemically is to eradicate their pathogens and/or protect them against 
soil pathogens, mainly by germination time. However, there is little research on vegetables 
investigating the effect of this treatment on seed quality. Therefore, this study evaluates the effects of 
Carboxin + Thiram doses on germination and vigor of three lots of broccoli seeds, as well as on the 
incidence of fungi in treated seed. The 15 treatments were evaluated in a factorial system (3x5), with the 
first factor consisting of three lots of 'Avenger' broccoli seeds (lots 82744, 82745 and 82749), and the 
second factor consisting of five doses (0, 0.04, 0.06, 0.10 and 0.12% of a.i.) of Carboxin + Thiram 
fungicide (commercial name Vitavax-Thiran). The germination and seed vigor were evaluated, in 
addition to the presence of pathogens in seeds after treatment (blotter test). All lots showed high levels 
of germination and vigor. The lot 82749, however, showed higher value in plug test in substrate 
emergence (99%) than lot 82745 (95%). Regarding the treatment with Carboxin + Thiram, no changes in 
germination average (98%) and vigor were noticed (average for the first germination count, length, and 
dry weight of seedling, plug test at 10 days after sowing of 97%, 4.9 cm, 4.0 mg and 96%, respectively), 
showing that this fungicide, in the evaluated doses, does not affect the quality of broccoli seeds. As to 
seeds health, the pathogens Alternaria spp. and Fusarium spp. were detected, in addition to 
saprophytic species such as Penicillium, Aspergillus, Trichoderma, and Rhizopus. The higher incidence 
of Fusarium spp. was noticed in lot 82744, and the lowest in lot 82749. As to Penicillium spp., lot 82479 
was the most contaminated. Regarding other fungi, the general incidence was very low and there was 
no difference between lots and doses used. 
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INTRODUCTION 
 
It is the seed physiological and seed sanitary quality that 
will determine their performance in the field, that is, the 
proper  establishment  of  plants,  which  is  essential   for 

satisfactory levels of productivity and final product quality 
(Nascimento et al., 2011). It is not always possible to 
obtain seed  lots  with  100%  guaranteed  disinfection  of  
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pathogens. Also, it is not possible to ensure that the soil 
or substrate will be free of pathogens. Hence, in most 
cases, treating seeds of vegetables, particularly those 
whose seeds are of highest value, is required. The 
purpose of treating seeds chemically is to eradicate their 
pathogens and/or protect them against soil pathogens, 
mainly by germination period. Furthermore, as small 
quantities of products per unit area are used, there is less 
risk of environmental pollution (Carvalho and Nakagawa, 
2000). 

According to Menten and Moraes (2010), there were 19 
active fungicide ingredients registered for seed treatment 
in Brazil, although these registration covers some species 
only. Among those ingredients, one of the most used is 
the Carboxin + Thiram because, according to Marini et al. 
(2011), it provides greater protection to seeds against 
pathogens found in soil and in the seed itself, especially 
when exposed to unfavorable development conditions. 

There are studies assessing the effects of this fungicide 
on seed physiological quality of cotton (Faria et al., 
2003), castor plant (Tropaldi et al., 2010; Santos et al., 
2012), peanuts (Bittencourt et al., 2007), rice (Schuch et 
al., 2006; Lobo, 2008; Morales et al., 2012), maize 
(Fessel et al., 2003), safflower (Rogério et al., 2012), and 
wheat (Marini et al., 2011), among other species. 
However, no research on vegetables was found that 
studied the fungicide effect on seed quality. The vast 
majority of vegetable seeds sold in Brazil are treated with 
fungicides, as their quality increases and the treatment 
cost is low, mainly for hybrid seeds, whose price is high. 

The seed treatment effectiveness depends, among 
other factors, on the seed species and vigor, which may 
vary from lot to lot (Menten and Moraes, 2010), and the 
treatment should not affect the seeds physiological 
quality. According to Cardoso and Silva (2009), seeds of 
high physiological quality are essential to brassica 
production components, as they favor strong, uniform, 
and healthy seedlings. Therefore, this study evaluates 
the effects of Carboxin + Thiram doses on germination 
and vigor of three lots of broccoli seeds, as well as on the 
incidence of fungi in treated seed. 
 
 
MATERIALS AND METHODS 
 
The experiment was conducted in the Vegetable Seeds 
Laboratories of the Horticulture and Plant Protection Departments, 
of the Universidade Estadual Paulista (UNESP), Botucatu City, São 
Paulo State, Brazil. The 15 treatments were evaluated from a 3x5 
factorial system, with the first factor consisting of three lots of 
Sakata®  'Avenger' hybrid broccoli seeds (lots 82744, 82745 and 
82749), and the second factor consisting of five doses (0, 0.04, 
0.06, 0.10 and 0.12% of a.i.) of Carboxin + Thiram. 

The commercial product used was VitavaxThiram®, which contain 
the following active ingredients (a.i.): 5,6-dihydro-2-methyl-1,4-
oxathi-ine-3-carboxanilide (Carboxin, 200 g L-1, that is, 20% w/v), 
and Tetramethylthiuramdisulfide (Thiram 200 g L-1, that is, 20% 
w/v), and Ethylene Glycol (249 g L-1, that is, 24.9% w/v), and other 
ingredients (507 g L-1, that is, 50.7% w/v). It is a systemic and 
contact    fungicide     of     the     Carboxanilide     (Carboxin)     and  

 
 
 
 
Dimethyldithiocarbamate (Thiram) chemical group, and used in 
seed treatment. The evaluated doses correspond to the following 
commercial product (c.p.) doses: 0, 0.2, 0.3, 0.5 and 0.6% of c.p. 

The application was done in rotating pans, with a central disk 
inside and in the middle, also rotating, but in the opposite direction, 
for product distribution purposes. The device is known as “Rotary” 
(Seed Processing Holland®). After being treated and dried, the seed 
physiological and seed pathological issue were evaluated according 
to the following tests: 
 
(i) Germination: Standard Germination Test (SGT) according to the 
Seeds Analysis Rules (ISTA, 2004; Brasil, 2009). Gerboxes were 
used, with two sheets of moistened germitest paper with 2.5 times 
their weight of distilate water, and four replicates (boxes) of 50 
seeds, totaling 200 seeds per treatment. The boxes were placed in 
germination chamber at 20°C. The count of normal seedlings done 
on day 10 after sowing (DAS 10), with the value expressed in 
percentage; 
ii) Germination Test First Count (GFC): the normal seedlings were 
counted on DAS 5, based on the SGT, with the value expressed in 
percentage; 
iii) Length of shoot: in a random sample of ten seedlings evaluated 
on DAS 10 in SGT, the seedlings shoot length was measured with 
a ruler, and the value was expressed in cm; 
(iv) Seedling dry matter weight: all normal seedlings evaluated on 
DAS 10 in SGT were placed in an oven with forced air circulation, at 
a temperature of 40°C, with subsequent weighting of total dry mass 
using analytical scale (0.1 mg accuracy ). After dividing the value 
found by the number of seedlings, the amount of dry matter per 
plant was calculated in milligrams; 
(v) Plug test: polypropylene trays were used to produce vegetable 
seedlings, containing 162 cells (31 cm3 per cell) with Tropstrato® 
substrate, a pathogen free substrate, kept in a greenhouse during 
the assessment. Four replicates of 50 seeds per treatment were 
used. The emergence assessment was made on DAS 5 and DAS 
10. Seedlings were considered emerged when cotyledons were 
fully open. 
For the purposes of these seed physiological quality analyses, the 
experiments were fully random, with four replications always. 
(vi) Seed pathology analyses: It was employed the blotter test, 
which consisted in distributing 25 seeds over three sheets of 
moistened filter paper previously prepared on petri dishes. Eight 
replications, totaling 200 seeds per treatment, were used. The 
plates were kept at 20 ± 2°C for a twelve-hour photoperiod under 
white fluorescent light during seven days. The seeds were 
evaluated individually under a magnifier, with the results expressed 
in percentage of seeds with fungus. 

For seed pathology analyses, the results achieved for each 
fungus were processed separately in arc sin (x/100) to have the 
statistical analysis performed. The data obtained for all traits were 
subjected to variance analysis and the averages were compared by 
Tukey test at 5% probability. 
 
 
RESULTS AND DISCUSSION 
 
The seeds physiological quality test results may be found 
in Table 1. There was no interaction between the factors 
(fungicide lots and doses) in all variables considered, 
indicating independence between them. Regarding lots, 
no differences in total germination was found, with a 98% 
average (Table 1), that is much higher than the minimum 
standard allowed for marketing in Brazil by the Ministry of 
Agriculture, Livestock and Supply (MAPA), which is 75%. 
Also,   no   differences   were   found   for   the    standard  
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Table 1. Germination (G), first count (GFC) in standard germination test, seedling length (SL), 
seedling dry matter (SDM), and emergence on DAS 5 (Em5DAS) and DAS 10 (Em10DAS) after 
sowing in substrate/tray with the three lots of Avenger hybrid broccoli seeds. 
 

Lots 
G 

(%) 
GFC 
(%) 

SL 
(cm) 

SDM 
(mg) 

Em5DAS 
(%) 

Em10DAS 
(%) 

82744 99 a1 98 a 4.9 a 4.5 a 92 b 97.4 ab 
82745 97 a 96 a 4.7 a 3.0 b 93 b 95.4 b 
82749 98 a 97 a 5.2 a 4.6 a 99 a 99.3 a 
Flotes 0.18 ns 2.22ns 0.15 ns 204.85** 10.67** 4.51* 

 

¹ Averages followed by the same letter in the column do not differ by Tukey test at 5% probability.ns  = 
non-significant by F test at 5% probability. * and **= significant by F test at 5% and 1% probability, 
respectively. 

 
 
 

Table 2. Germination (G), first count (GFC) in standard germination test, seedling length (SL), seedling dry matter 
(SDM), and emergence on DAS 5 (Em5DAS) and DAS 10 (Em10DAS) after sowing in substrate/tray with the three 
lots of Avenger hybrid broccoli seeds, in different doses of Carboxin + Thiram during treatment. 
 

Doses of Carboxin + Thiram 
G 

(%) 
GFC 
(%) 

SL 
(cm) 

SDM 
(mg) 

Em5DAS 
(%) 

Em10DAS 
(%) 

0.0 98 a1 97 a 4.5 a 4.1 a 94 a 97 a 
0.2 97 a 97 a 5.0 a 4.1 a 95 a 95 a 
0.3 99 a 98 a 5.2 a 4.1 a 92 a 95 a 
0.5 98 a 97 a 5.2 a 4.1 a 97 a 95 a 
0.6 98 a 96 a 4.8 a 4.2 a 96 a 99 a 
Fdoses 0.59 ns 0.95 ns 0.10 ns 0.32 ns 2.13 ns 1.15 ns 

 

¹ Averages followed by the same letter in the column do not differ by Tukey test at 5% probability.ns  = non-significant by F 
test at 5% probability.*  and **= significant by F test at 5% and 1% probability, respectively. 

 
 
 
germination first count, with a 97% average. The first 
count (DAS 5) of seeds is considered as vigor test, in 
which samples that germinate faster, with higher 
percentage of normal seedlings on that date, are 
considered to be the strongest (Marcos Filho, 2005; 
Baalbaki et al., 2009). The 97% average achieved 
demonstrates the high seed vigor of all lots. 

Despite there was no difference in seedling length on 
DAS 10 in SGT, with an average of 4.9 cm (Table 1), a 
lower seedling dry weight was observed in this same 
assessment (DAS 10) on lot 82745. This smaller vigor of 
this lot was confirmed in the emergence test, both on 
DAS 5 and DAS 10. Lot 82749 showed higher 
emergence in substrate on DAS 5 than the other two lots. 
Despite the small differences observed, with the highest 
vigor for lot 82749 and the lowest for lot 82745, the 
emergence test figures achieved were high for all lots, 
with a minimum of 92% on DAS 5 and 95% on DAS 10. 

Some authors relate seed vigor to seedling production. 
Franzin et al. (2005) concluded that seed lots with higher 
initial quality, as detected by laboratory germination and 
vigor tests, produced seedlings with greater weight. The 
same was observed by Rodo and Marcos Filho (2003) in 
onion. However, in this study, the laboratory tests 

(germination and first count) were less sensitive than the 
"field" test, with production of seedlings in trays under 
uncontrolled temperature conditions. As to Carboxin + 
Thiram doses, there were no differences for all traits 
(Table 2), both by analysis of variance (F test) and by 
Tukey test, and both at 5% probability, which 
demonstrates that fungicide did not affect the seed 
quality, regardless of lot. Bittencourt et al. (2007) found 
no phytotoxic effect of this fungicide on peanut seed, and 
observed a greater emergence of treated seeds against 
the untreated control, because the fungicides reduced the 
incidence of "damping-off" caused by fungi in seeds and 
in the soil. Similar results were reported by Arsego et al. 
(2006) and Lobo (2008) with rice, and by Tropaldi et al. 
(2010) and Santos et al. (2012) with castor seed treated 
with this fungicide. Despite no phytotoxicity has been 
observed during treatment with the fungicide, the treated 
seeds in this study, regardless of dose, did not differ from 
untreated control for both in germination and emergence 
in plug test, probably because (a) it was observed that 
the presence of pathogens in seeds was low in all 
treatments, including the control (Tables 3 and 4), (b) a 
pathogen-free commercial substrate was used in the plug 
test, and (c) seed treatment with this  fungicide  does  not  
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Table 3. Incidence of pathogenic and saprophytic fungal species in three lots of Avenger hybrid broccoli seeds subjected to 
treatment with Carboxin + Thiram. 
 

Lots Alternaria spp. Fusarium spp. Penicillium spp. Aspergillus spp. Trichoderma spp. Rhizopus spp. 

82744 0.6 a1 15.7 a 7.8 b 1.4 a 3.6 a 2.7 a 
82745 0.0 a 11.1 ab 2.3 c 0.0 a 0.0 b 0.6 a 
82749 0.6 a 6.4 b 14.3 a 0.0 a 0.6 ab 0.0 a 
Flots 0.50ns 1.37 ns 1.50 ns 0.76 ns 1.71 ns 1.23 ns 

 
1 Averages followed by the same letter in the column do not differ by Tukey test at 5% of probability.ns  = non-significant by F test at 5% of 
probability. 

 
 
 

Table 4. Incidence of pathogenic and saprophytic fungal species in Avenger hybrid broccoli seeds subjected to treatment with 
different doses of Carboxin + Thiram. 
 

Doses of Carboxin + Thiram 
Alternaria 

spp. 
Fusarium 

spp. 
Penicillium 

spp. 
Aspergillus 

spp. 
Trichoderma 

spp. 
Rhizopus 

spp. 

0.0% 1.9 a1 12.8 a 9.4 a 1.4 a 4.6 a 2.7 a 
0.2% 0.0 a 12.8 a 6.2 a 0.0 a 0.0 a 0.0 a 
0.3% 0.0 a 10.0 a 8.9 a 0.0 a 0.0 a 1.9 a 
0.5% 0.0 a 11.7 a 10.5 a 1.0 a 0.0 a 0.0 a 
0.6% 0.0 a 8.1 a 5.6 a 0.0 a 1.9 a 1.0 a 
Fdoses 0.50ns 1.37 ns 1.50 ns 0.76 ns 1.71 ns 1.23 ns 

 
1 Averages followed by the same letter in the column do not differ by Tukey test at 5% of probability.ns  = non-significant by F test at 5% of 
probability. 

 
 
 
interfere in the germination and vigor. Pinto (1998) found 
no difference in the emergence of treated and untreated 
sorghum seeds in sterilized soil, but noted higher 
emergence in seeds treated in unsterilized soil. Unlike 
the "large crops", it is a routine in technified systems for 
most vegetables, including broccoli, to have their 
seedling production in specific trays with fungi-free 
substrates (Minami, 2010). 

Working with wheat crop, Marini et al. (2011) reported a 
reduction in germination and vigor of seeds treated with 
Carboxin+Thiram. Faria et al. (2003) observed that 
although there was an increase in germination and 
emergence of cotton seeds treated with Carboxin + 
Thiram, the seedlings were smaller and with less dry 
matter. Morales et al. (2012) observed higher vigor of rice 
seeds treated with this fungicide after seed storage for 60 
and 90 days, compared to control. In all the works 
mentioned, the doses used were within the 
recommended range for each species, showing the 
importance of the study of different species, as results 
may be not equal. Furthermore, the sensitivity to 
fungicide treatment may vary, depending on the initial 
seed vigor (Lobo, 2008; Menten and Moraes, 2010). In 
this work, despite the difference in vigor between lots, the 
lots were not affected by treatment with fungicide, 
regardless of dose. Furthermore, as small quantities of 
fungicide per unit area are used, there is less risk of 
environmental pollution compared to foliar application. 

As to seeds pathology (Tables 3 and 4), the  pathogens  

Alternaria spp. and Fusarium spp. were detected, in 
addition to saprophytic species like Penicillium, 
Aspergillus, Trichoderma and Rhizopus. The higher 
incidence of Fusarium spp. was noticed in lot 82744, and 
the lowest in lot 82749. The incidence of Alternaria spp. 
was low, with no difference between lots and between 
doses; this fungus was only detected in seeds that were 
not treated with the fungicide, showing the effectiveness 
of treatment. Among the saprophytic fungi, as to 
Penicillium spp., all lots differed, being lot 82479 (Table 
3) the most contaminated. However, there was no 
significant difference between the doses tested (Table 4). 
As to the other fungi, the general incidence was low and 
there was no difference between lots and doses used. 
 
 
Conclusions 
 
It is concluded that lot 82749 showed greater vigor than 
lot 82745, and the seed treatment with Carboxin + Thiram 
in the evaluated doses did not affect the physiological 
quality of seeds, so all doses tested (0 to 0.12% of p.a.) 
can be used. The incidence of fungi was very low in all 
lots, showing their good seed pathology quality. 
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