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HIGHLIGHTS

Sodium hypochlorite (NaOCl) alone is not efficient for disinfesting brauna seeds.

Brauna seeds also require the use of captan fungicide (2%) 10 min-1 in disinfestation and 
maintenance of its residue.

This compound exhibited toxicity in the lettuce seed model.

ABSTRACT

The development of tissue cultured-based protocols applied to braúna, an endangeres 
species, would be though highly desirable. However, contamination-free explants are 
determinant for the success of this technique, which might be vulnerable to the toxicity of 
disinfectants. Here, we aimed at establishing an efficient protocol for in vitro production of 
axenic seedlings of braúna and to evaluate the toxicity of disinfectant agents in the Lactuca 
sativa model species. Experiments I and II: Seeds were treated with sodium hypochlorite 
(NaOCl) and fungicide captan, with and without residue, by different immersion times, 
respectively. The following were analyzed: contamination; germination and normal and 
abnormal seedlings. Experiment III: Lettuce seeds placed in Petri dishes were exposed 
to 2.5 mL captan at 0.5; 1; 2; 4 and 8%; 0.01% glyphosate and distilled water. The 
germination, length of seedlings, cell cycle, nuclear and chromosomal alterations of the 
cells of the root meristem were assesed. The isolated use of NaOCl was not efficient 
in the disinfestation of braúna seeds. However, the immersion of the seeds in captan, 
for 10 minutes with its residue, led to higher germination and vigor indexes; however, 
resulted in the formation of abnormal seedlings. This compound exhibited toxicity in the 
lettuce model seeds because affected the germination and the whole development of the 
seedlings, showing clastogenic and aneugenic action in the meristematic cell cycle. 
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INTRODUCTION

The species Melanoxylon brauna Schott (Fabaceae - 
Caesalpinioideae), commonly known as braúna, is a native 
tree of the Atlantic Forest, which has great ecological and 
economic value (Lorenzi, 2014). Its wood is widely used 
in the navigation and furniture manufacturing industry, 
light poles and fence posts (Carvalho, 2007). However, 
due to its intense exploitation and the lack of replanting, 
this species has rarely been registered in floristic surveys, 
being classified as vulnerable in the Official List of Flora 
Threatened with Extinction (IBAMA, 2018). 

The propagation of the M. brauna is currently carried 
out ex vitro through seeds (Santos et al., 2017). Aiming 
to speed up the availability of propagative material, plant 
tissue culture is an alternative technique in the production 
of high genetic-sanitary quality plantlets and maintenance 
in germplasm collections (Villalobos and Engelmann, 1995). 
However, to make it routine, some particular limitations 
on the use plant tissue culture appear. One of them relates 
to the presence of microorganisms in the explants, which 
need to be eliminated with disinfecting substances (Chaves 
et al., 2005). However, variations induced by tissue culture 
and then inherited by progeny, for example, somaclonal 
variation may be a function of the oxidative stress results of 
the explant preparation (Bednarek and Orlowska, 2019).

Ethanol, sodium and calcium hypochlorite, 
carboxin, thiram and carbendazim are the most commonly 
used substances for surface-sterilization of the explants 
in vitro propagation procedures, and their concentrations 
and exposure time vary according to species and type 
of explant, and, therefore, the adequacy of protocols 
is needed for an efficient disinfestation (Andrade et 
al., 2000; Chaves et al., 2005; Souza et al., 2011). The 
main substances used for explant disinfestation are 
ethanol, sodium and calcium hypochlorite, hydrogen 
peroxide, and silver nitrate, and sodium hypochlorite 
is widely known to be an efficient bactericidal agent 
(Oyebanji et al., 2009).  Sodium hypochlorite and 
sodium dichloroisocyanurate are also used in chemical 
sterilization of culture media (Pais et al., 2016; Urtiga 
et al., 2019), which according to Pais et al. (2016) may 
be a substitute for thermal sterilization (autoclaving). By 
adding active chlorine (0.003%) to the culture medium, 
these authors verified total control of contaminants, with 
no significant differences in relation to gerbera growth in 
autoclaved media.

Other disinfectant agents are used in tissue culture, 
such as fungicides with fungitoxicity inherent to their 
chemical composition (mechanism of action), concentration 
and exposure time (Edgington et al., 1971). The action 

of fungicides on the metabolism of microorganisms is 
particularly noteworthy in protein synthesis, in which the 
chemical substances inhibit the conversion of free amino 
acids into proteins and the synthesis and polymerization of 
nucleic acids (Sisler, 1969).

In spite of its effectiveness, the agents used in 
disinfestation can be toxic to both microorganisms and 
explants. Captan, the active principle of some fungicides, 
for instance captan, is a fungicide used in seed treatment, 
and may cause damage to the DNA and affect the 
normality of seedlings (Bolognesi, 2003). However, macro 
and microscopic analyzes are excellent alternatives to 
study the phytotoxic, cytotoxic and genotoxic effects of 
substances on bioindicator species (Kumari et al., 2011).

It was aimed with the present work establish an 
efficient protocol for the in vitro establishment of axenic 
seedlings of Melanoxylon brauna using sodium hypochlorite 
and captan as disinfecting agents and to evaluate the toxicity 
this agent in the Lactuca sativa model.

MATERIAL AND METHODS

The experiments were performed at the Plant 
Tissue Culture Laboratories of the Department of Forestry 
and Wood Sciences and at the Laboratory of Cytogenetics 
and Plant Tissue Culture of the Center for Agrarian 
Sciences and Engineering, at the Federal University of 
Espírito Santo (UFES). Braúna (Melanoxylon brauna Schott) 
seeds were obtained from matrices of the municipality of 
Leopoldina-MG, at 21° 59’ 75” S, 42° 49’ 42” W.

Experiment I: In vitro germination of braúna 
seeds affected by immersion times in sodium 
hypochlorite (NaOCl)

Braúna seeds were initially washed in running 
water and neutral detergent. Following, in a laminar flow 
chamber, seeds were submerged in 70% alcohol, for one 
minute, and sodium hypochlorite (NaOCl) at 2.5% of 
active chlorine (Candura®) in different immersion times 
(0; 5; 10; 15; 20 and 25 minutes). The NaOCl residue 
from the seeds was removed by triple rinse in distilled 
water, which was previously autoclaved for 30 minutes 
at 121 °C, 1 atm. 

Subsequently, seeds were individually inoculated 
into test tubes (25 x 150 mm) containing 10 mL of 
Woody Plant Medium - WPM (2.41 g L-1, Sigma®) (Lloyd 
and McCown 1980), sucrose (30 g L-1, Dinamic®), myo-
inositol (0.1 mg L-1, Sigma®), and agar (7 g L-1, Kasvi®). 
The pH of the medium was adjusted to 5.7±0.1 and then 
autoclaved for 20 minutes at 121 ºC, 1 atm. The in vitro 
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cultures were maintained in a growth room for 30 days 

at 27±2 °C, photoperiod of 16 hours and irradiance of 

50 μmol m-2 s-1. 

The irradiance in the growth room was provided by 

20W tubular LED bulbs, which emit wavelengths within the 

visible spectrum (450 to 700 nm) (Figure 1). The irradiance 

and spectrum were measured with the equipment 

Spectrapen LM500-VIS, Photon Systems Instruments®.

protrusion), according to Brasil (2009), after 30 days of 
seeding. Abnormal seedlings were considered to be those 
that did not follow the normality pattern mentioned above, 
such as the rosette shape of the aerial part. 

The experiment was performed in a completely 
randomized design (CRD), with six treatments and four 
replicates with 25 seeds each. Data were submitted to 
analysis of variance and regression (p≤0.01).  For the effect 
of regression analysis and for the adjustment of equations (Ŷ), 
the significance of the betas (p≤0.05) was used as criteria. 
For all analyzes we used the statistical program R (2017).

Experiment II: In vitro germination of braúna seeds 
after different times of immersion and maintenance 
of captan residue

The same disinfestation protocol of experiment 
I was used, with the best seed immersion time in 2.5% 
NaOCl, which was 15 minutes. Subsequently, the residue 
was removed by triple rinse in sterile distilled water. Then 
the seeds were submerged in 2% p.a. Captan® at different 
exposure times (0; 5; 10; 15; 20; 25 and 30 minutes).

The experiment was performed in a completely 
randomized design (CRD), in a 7 x 2 factorial scheme 
with seven exposure times to captan and absence or 
presence of the fungicide residue, with four replicates 
of 25 seeds each, which were inoculated individually into 
test tubes (25 x 150 mm) containing 10 mL-aliquots of 
WPM. In the plots without the captan residue, the seeds 
were washed three times in distilled and autoclaved 
water for subsequent inoculation, and in the plots with 
the residue maintenance, the seeds were inoculated into 
test tubes immediately after immersion in the fungicide. 

The experiments were kept in a growth room 
at room temperature 27±2 °C, 16 hour photoperiod 
with irradiance of 50 μmol m-2 s-1 and wavelengths in the 
visible spectrum (Figure 1).

For all experiments the following parameters 
were assessed: contamination (%); germination (%); 
germination speed index (ISG); normal seedlings (%); 
abnormal seedlings (%) and dormancy (%). Data were 
submitted to analysis of variance and Skott-Knott mean 
grouping test (p≤0.01). The analyzes were made using 
the statistical program R (2017).

Experiment III: Evaluation of captan toxicity in 
bioassay with Lactuca sativa L. seeds, plant model.

Among the various plant bioassays that are 
commonly used for toxicity testing, lettuce presents 
itself as a great option. It correlates with data obtained 
from tests with other plants, animals (Bianchi et al., 

FIGURE 1 Radiation spectrum of the lamps used in the 
growth room.

The analyzes were: contamination total (%); 
bacterial contamination (%); fungal contamination (%); 
germination (%); germination speed index (ISG); normal 
seedlings (%); abnormal seedlings (%) and dormancy (%). 

Germination (%) was conducted with four 
replications of 25 seeds for each treatment. Germinated 
seeds were counted daily for 30 days. Germination was 
characterized by the emission of the primary root with a 
length greater than or equal to two millimeters (Brasil, 2009). 
Results were expressed as percentage of germination.

The germination speed index (ISG) was 
determined concomitantly with the germination test, 
being daily computed the number of seeds that showed 
protrusion of the primary root equal to or greater 
than 2 mm (Maguire, 1962), being counted until 30th 
day. The  ISG was calculated by summing the number 
of seeds germinated each day, divided by the number 
of days elapsed between sowing and germination:  ISG 
= (G1/N1) + (G2/N2) + (G3/N3) + .. . + (Gn/Nn), 
where:  ISG= germination rate index; G1, G2, G3, ..., 
Gn = number of germinated seeds computed at the 
first, second, third and last count; N1, N2, N3, ..., Nn = 
number of days from sowing to first, second, third and 
last count.

The percentage of normal seedlings was calculated 
considering the seedlings with all the formed structures 
(root, hypocotyl and cotyledons), in relation to the 
germination percentage (seedlings with primary root 
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2015), even human cells (Palmieri et al., 2016). It has fast 
germination rates, is easy to cultivate, is found on seed 
stores and groceries alike, and has been shown to be as 
reliable as the vastly known and commonly used Allium 
cepa (Silveira et al., 2017). Also, the availability is high and 
up to 90% can germinate within 24 hours. In addition, 
this species is exhibited for its high number of seeds, 
large chromosomes and high sensitivity to mutagenic and 
genotoxic compounds (Ribeiro et al., 2013).

The experiment was carried out in a completely 
randomized design (CRD) with five concentrations of 
Captan® (0.5; 1; 2; 4 and 8% p.a.), 0.01% glyphosate 
solution (positive control) and distilled water (negative 
control), with five replicates of 25 seeds each. Seeds 
of lettuce (Lactuca sativa L. cultivar Manteiga (Feltrin 
Sementes®) were placed in Petri dishes lined with 
Germitest® paper, moisturized with 2.5 mL of solution of 
each treatment, subsequently kept in a BOD (Biochemical 
Oxigen Demand) chamber, under photoperiod of 
12 hours and temperature of 24±2 °C. Germination 
analyses were performed every eight hours for 48 hours. 

After 48 hours, the root length was measured 
with a digital caliper (0.01 mm) and ten seedlings of 
each treatment were randomly selected for fixation in 
methanol and acetic acid solution (3:1), and stored in a 
freezer. After 120 hours, the shoot length of the seedlings 
that remained in the Petri dishes was measured with a 
digital caliper. 

The fixed roots were submitted to the crushing 
technique (adapted from Guerra and Souza, 2002), in 
which, at room temperature, triple rinsing was carried 
out with distilled water (10 minutes each rinse) followed 
by immersion in 5N HCl solution for 18 minutes and 
again in distilled water for 10 minutes. 

After washing, the apical meristem of each 
individual root was removed and transferred to a 
microscopy slide, then a drop of the 2% acetic orcein 
dye was added. After two minutes, the stained meristem 
was crushed between coverslip and slide. The slides 
were observed under a microscope with objective 
lens (Nikon® BE Plan 40x/0.65). Each treatment had 
1000 cells counted per replicatet. Mitotic index (MI) 
was obtained by dividing the number of dividing cells 
(prophase, metaphase, anaphase and telophase) by the 
total cells evaluated in each treatment. 

The frequencies of chromosomal and nuclear 
alterations were obtained by dividing the number of 
chromosomal and nuclear alterations, respectively, 
by the total number of cells evaluated. The frequency 
of changes, which represents the occurrence of each 

individual change, was evaluated by dividing the number 
of individual changes (c-metaphase, bridge, sticky, 
polyploidization, broken and lost) and the number of 
cells per division. The data were submitted to analysis of 
variance and the means were compared by the Dunnett’s 
test (p≤0.05).

RESULTS AND DISCUSSION

Experiment I: In vitro germination of braúna 
seeds after different immersion times in sodium 
hypochlorite (NaOCl)

The most widely used explants in tissue culture are 
derived from in vitro plants, which in turn were established 
from surface disinfected seeds with removal of the 
integument or aseptically excised zygotic embryos (Silva et 
al., 2019). In the control treatment (absence of NaOCl), 
there was 87.36% of seed contamination. The lowest 
contamination in the braúna (Melanoxylon brauna Schott) 
seeds was 39.11%, at the time of maximum technical 
effectiveness, which corresponds to the minimum point 
obtained in the quadratic model of the regression: 20.73 
minutes of immersion in NaOCl (Figure 2a).

For braúna seeds, the non-use of disinfestation 
agents makes it impossible to proceed with in vitro 
propagation processes. NaOCl reduced contamination 
and consequently favored a higher percentage of normal 
seedlings up to a maximum exposure time of 25 minutes 
(29.27%) (Figure 2e). Despite the bacterial control 
(Figure 2b), the reduced normality of the seedlings 
(Figure 2c) is due to fungi activity (Figure 2a); thus 
requiring another disinfectant agent with effectiveness in 
the control of this type of microorganism. 

Chlorine, the active principle of sodium 
hypochlorite, when diluted in water, promotes the 
formation of hypochlorous acid (HClO) and chlorine gas 
(Cl2). Hypochlorous acid is able to readily penetrate the 
bacterial cell through the cytoplasmic membrane and acts 
on proteins and nucleic acids of these microorganisms by 
oxidizing the sulfhydryl groups and the amino, indole and 
hydroxyphenol groups of tyrosine (Ingram et al., 2003)

The percentage and the germination velocity of the 
seeds presented increasing linear regression (Figure 2b 
and c, respectively) with the increase of immersion time 
in NaOCl until reaching maximum germination (51.88 
%), with 25 minutes (Figure 2b). This suggests that the 
reduction in contamination allowed the seeds of brauna 
to partly express their germination potential, however, 
as the seed immersion time in NaOCl increased, the 
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percentage of abnormal seedlings increased, reaching 
29.24% in the TMTE of 25 minutes (Figure 2d).

Activation of seed metabolism is necessary for a 
series of physiological and biochemical processes to take 
place, whereby through the absorption of water by the 
seeds it promotes disruption of the integument by the 
embryo causing germination to occur (Flores et al., 2014).

Germination and vigor are influenced by external 
and internal factors, and in M. brauna seeds size and 
color are important characteristics, with large seeds, 
independent of color, and small seeds showing the highest 
percentages and velocities. germination. These results 
corroborate the observations of Flores et al. (2014), that 
coloration coloration may be a morphological indicator 

of maturity stage for seeds of this species. Santos et al. 
(2017) studying thermal stress on the germination of M. 
brauna seeds, observed that when soaking them in water 
at 25 ºC there was 80% germination. In the present study, 
a maximum germination of 51.88% was observed (Table 
2). However, the use of NaOCl as a disinfectant may 
have negatively influenced seed germination due to long 
exposure of cell tissues at different times. NaOCl acts 
by increasing the integument permeability and leaching 
of germination inhibitors. However, it can act negatively 
at high concentrations and cause damage to embryonic 
tissue (Carnelossi et al., 1995). In Solanum lycopersicum 
L. seeds, sterilization with NaOCl interfered with the 
absorption and incorporation of leucine into proteins 
(Abdul-Baki, 1974). According to Khanna and Sharma 

FIGURE 2 Contamination (%, a), contamination bacterial (%, b), contamination fungal (%, c), germination (%, d), 
germination speed index (ISG, e), abnormal seedlings (%, f), normal seedlings (%, g), in vitro dormancy (%, h) 
of braúna seeds (Melanoxylon brauna Schott) after immersion times in sodium hypochlorite (NaOCl). *(p≤0.01); 
TMTE. Time of Maximum Technical Effectiveness.
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(2013), substances with toxic effects on plants, besides 
delayed root growth also cause genetic changes in cells. 

The reduced efficiency of NaOCl in the control of 
contamination can be attributed to its greater effectiveness 
against bacteria, especially in the present study, where 
the persistent contamination after disinfestation was 
largely fungal (Figure 3a, b) and the presence of bacteria 
after this process was reduced or absent. Contamination 
in seeds of native forest species is associated with the 
presence of the contaminating agent on the surface of 
the integument and, when under favorable conditions, 
the contaminant agent thrives and colonizes the whole 
surface of the seed, preventing water absorption, which 
is primordial for the germination process (Botelho et 
al., 2008). Bacterial contamination was less than 30% in 
banana explants disinfested with NaOCl (Musa AAB cv. 
Maçã); however, the treatment was not efficient in the 
control of fungal contamination (Carneiro et al., 2000), 
corroborating with Aziz et al. (2018), who observed that 
mucuna seeds treated with 50% Clorox® (commercial 
product with 5.25% w/v NaOCl) presented high 
percentage of contaminated seeds.

Bacteria are prokaryotic organisms, characterized 
by being unicellular and small in size, as well as lacking 
organelles such as mitochondria, Golgi complex and mitotic 
spindle, and presenting genetic material that is dispersed 
in the cytoplasm (Murat et al., 2010). It is believed that 
the absence of the nuclear envelope makes proteins 
and nucleic acids more vulnerable to NaOCl, since this 

disinfecting agent acts on these molecules. Bevilacqua et 
al. (2011) ratified the efficiency of the antibacterial action 
of NaOCl in seeds of Calendula officinalis, which after being 
treated with 2.5% NaOCl for 30 minutes had 93.9% of 
the seeds free of this microorganism.

Experiment II: In vitro germination of braúna seeds 
after different times of immersion and maintenance 
of captan residue

Microbes throughout the life cycle of plants can 
be initiated by a pollinating agent and floral microbiomes, 
some of which will finally be recruited into developing 
seeds, where they multiply in the spermosphere during 
seed germination (Nelson, 2018).

When these micro-organisms are not efficiently 
controlled by disinfectant agents, they develop 
mainly when in culture media (Table 1). The lowest 
contamination, the highest germination and the highest 
ISG occurred with the maintenance of the captan residue 
in the seeds, regardless of the time of immersion in the 
fungicide. Maintenance of the captan residue in the 
seeds after 10; 20; 25 and 30 minutes of immersion 
resulted in the highest percentages of normal seedlings 
(Figure 3e) (68; 65; 61 and 59%, respectively). The 
drastic reduction of contamination with captan residues 
allows the expression of seeds as to germination and 
vigor. According to Marcos Filho (2015), the factors that 
influence the physiological potential of seeds include 
germination and vigor, which govern the ability of seeds 

FIGURE 3 a, b. Contaminated Melanoxylon brauna seeds in vitro; c. Axenic seedling six days after in vitro germination; d. Abnormal 
seedling 30 days after in vitro germination. e. Normal seedling 30 days after in vitro germination. Bars: 1 cm.
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to express their vital functions under favorable and 
unfavorable environmental conditions. However, it was 
verified that the maintenance of the captan residue, in 
the majority of the immersion times, promoted a greater 
abnormality of the seedlings (Figure 3d) (Table 1). 

The difference in contamination in the control 
treatment (alcohol 70%, one minute + NaOCl 2.5% 
active chlorine, 15 minutes) compared to the addition 
of captan is significant, suggesting that only NaOCl is not 
sufficient for the disinfestation of braúna seeds. 

The addition of captan to the disinfestation 
process of the braúna seeds promoted a satisfactory 
increase of uncontaminated seeds (Figure 3c) (40%), and 
when its residue was maintained in the seeds, this value 
increased to 53%. The fungitoxicity of captan is due to 
its multisite action, which irreversibly blocks molecules 
containing the thiol group, resulting in reduced activity 
of several enzymes essential for fungal survival (Arce et 
al., 2010). Unlike sodium hypochlorite, captan is a water-
insoluble chemical compound, and because of this apolar 
characteristic, it is able to penetrate more easily into 
the nucleus of fungal cells and initiate the toxicological 
process. In a study with Saccharomyces cerevisiae treated 
with captan, it was found that 81.7% of these fungi 
presented cell death, caused by loss of cell membrane 
integrity (Scariot et al., 2017).

The maintenance of the captan residue reduced the 
contamination, due to the longer contact with the seeds, 
since this fungicide has a protective action, inhibiting the 
growth and development of possible microorganisms 
that persist in the seeds, even after the disinfestation 
processes. The short exposure time combined with the 
low permeability characteristics of the integument due to 
the cerosity found in braúna seeds reduced the efficiency 
of the captan treatment without residue. 

The effectiveness of protective fungicides is closely 
related to their contact performance and, for successful 

disinfestation, it is important that captan covers the 
entire surface of the seed (Wagner et al., 2003; Koller et 
al., 2004). Removal of the residue after treatment with 
captan reduced its fungitoxic effect because the contact 
fungicides cannot persist on plant surfaces after being 
washed out with water 24 hours after treatment, leaving 
them unprotected (Abbott and Beckerman, 2018). 

In spite of the efficiency of captan in the 
disinfestation with the maintenance of its residue, it 
also caused abnormalities in braúna seedlings, with an 
average of 17% abnormal seedlings. This observation 
suggests that captan promoted some cytotoxic effect on 
braúna seedlings.

Experiment III: Evaluation of captan toxicity in 
Lactuca sativa L. seeds

The effects of captan at all concentrations tested 
and all characteristics analyzed, except for shoot length, 
were more drastic than those caused by glyphosate 
(positive control). Mitotic index at concentrations 1; 2; 4 
and 8 % of captan was statistically similar to the mitotic 
index of the positive control (glyphosate), and the MI of 
the root meristematic cells treated with 0.5% captan 
was reduced to 39.43%, compared to the negative 
control (water) (Figure 4). 

Captan reduced germination and root length, 
decreased mitotic index and increased the frequency 
of chromosomal alterations of Lactuca sativa cells, 
suggesting, respectively, the phytotoxic, cytotoxic and 
genotoxic power of this fungicide.

The macroscopic analyzes (germination, ISG, 
root length and shoot length) are closely related to 
the microscopic ones (cell divisions and chromosomal 
alterations), since germination and the growth of root 
and shoot depend on the increase of cell number and 
elongation (Harashima and Schnittger, 2010), which, in 
turn, rely upon successive mitotic cycles. In this sense, if 

TABLE 1 Contamination (CONT, %), germination (GER, %), germination speed index (ISG), normal seedlings (NS, %), abnormal 
seedlings (AS, %) and  in vitro dormancy (DOR, %) for braúna (Melanoxylon brauna Schott) seeds after immersion and 
maintenance times of the Captan® residue.

Captan® Time (minute)
CONT 

(%)
GER 
(%)

ISG ISG
AS 
(%)

DOR 
(%)

Without residue

0  64±8.6a(1) 33±6.8c 1.13±0.16c   25±3.8d     8±5.6b   3±3.8a
5  33±10.0c 56±4.6b 2.74±0.36b   50±6.9b     6±2.3b   7±6.8a

10    45±6.8b 52±5.6b 2.47±0.34b   44±3.2c     8±6.5b   3±2.0a
15    43±3.8b 50±6.9b 2.13±0.24b   45±6.0c     5±2.0b   7±3.8a
20  34±10.0c 58±18.6b 1.88±0.30b 53±14.3b     5±6.0b   8±8.6a
25    36±7.3c   56±4.6b 2.22±0.88b   42±7.6c   15±5.0a   7±3.8a
30  29±10.5c   61±5.0b 2.10±0.29b   51±8.8b   11±5.0b   9±8.8a

With residue

5   14±6.9d   77±8.8a 3.60±0.49a   56±6.5b 21±13.6a   9±5.0a
10   11±3.8d   73±8.2a 3.34±0.41a   68±8.6a   12±4.6b   8±7.3a
15   18±7.6d   65±8.8a 3.29±0.95a   53±8.8b   16±8.6a 13±5.0a
20     6±5.1d   77±9.4a 3.60±0.24a   65±5.0a   14±4.0a 14±5.1a
25 13±10.5d 72±10.3a 3.70±0.45a 61±10.5a 18±11.5a   8±3.2a
30     4±5.6d   75±6.0a 3.48±0.28a 59±10.0a   19±6.0a 17±7.5a 

(1)Means followed by the same letter do not differ by Scott-Knott’s mean clustering test (p≤0.05).
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there is no blockage in the transition of mitosis phases, cell 
division normally occurs, as well as root and shoot growth. 

The results obtained in this work corroborate 
with those obtained with the fungicides difeconazol 
and tebuconazole used in Allium cepa seeds, which 
determined a decrease in root growth, reduction of 
mitotic index and increase of chromosomal and nuclear 
alterations (Bernardes et al., 2015). Mitotic index can 
provide information on the cytotoxicity of a particular 
substance, in which its reduction is related to cell cycle 
paralysis evidencing cytotoxic activity, whereas its 
increase may indicate tumor processes (Souza et al., 
2010), both of which are detrimental to the normal 
development of the organism.

The number of cells in interphase for 
concentrations 1; 2 and 4 % was similar to the positive 
control. On the other hand, the number of prophase 
cells submitted to the 0.5 % concentration was similar 
to the negative control, and the other concentrations 
were similar to the positive control. The number of cells 
in metaphase and anaphase at concentrations 1; 2; 4 and 
8% resembled the positive control. At telophase, cells at 
all concentrations of captan were similar to the positive 
control (Table 2). 

The similarity of mitotic index at concentrations 
1; 2; 4 and 8% of captan with the positive control 
(glyphosate, inhibitor of the action of the enzyme 
5-enolpyruvate-shikimate-3 phosphate synthase (EPSPs), 
interfering in the synthesis of chorismate - immediate 
precursor of the amino acids tryptophan, tyrosine and 
phenylalanine) (Funke et al., 2006), suggests that in these 
concentrations the fungicide and glyphosate paralyzed 

the cell division of the lettuce apical root meristem. It 
can be seen in figure 4 that all cells exposed to captan 
at the concentrations of 2 and 4 % are in the interphase 
(Figure 4f), and the cytotoxic effect of captan at 8% was 
so severe as to not allow germination at all, so the effect 
on the cell cycle on the meristem for this treatment 
could not be evaluated. 

There were alterations in the cell cycle 
(C-metaphase, sticky chromosomes, multipolar 
anaphase, anaphase bridge and micronuclei) at the 
concentrations of 0.5 and 1% of captan and germination 
of seeds, with only 41% germinating at the lowest 
concentration; whereas no germination was observed in 
the highest concentration (Table 2). 

However, because at the concentration of 0.5% 
the cytotoxic effect of captan was lower, some cells were 
able to advance in the division, and it is possible to identify 
greater chromosomal changes in the phases of the cell 
cycle. At this concentration, the frequency of chromosomal 
changes was three times higher than the negative control, 
suggesting the genotoxic potential of captan. 

Figure 4 shows the different chromosomal changes 
caused by the fungicide, and it is possible to infer its 
mechanism of action on lettuce. Changes in chromosome 
structure such as bridges (Figure 4e) and breakage indicate 
clastogenic action, and when changes are numerical 
and encompass the set of chromosomes, such as lost 
chromosome, adherent chromosome or sticky (Figure 4b), 
delays, multipolarity (Figure 4c) and C-metaphase (Figure 
4a), there is an indication of aneugenic action (Vidakovic-
Cifrek et al., 2002; Leme et al., 2009).

In this sense, since it was possible to observe both 
chromosomal alterations that cover the structure and those 
that interfered in the chromosomal set, it can be affirmed 

FIGURE 3 Genotoxic damage in meristematic cells of Lacuta sativa L. exposed to different concentrations of the fungicide captan. a. 
C-metaphase; b. Sticky chromosomes; c. Multipolar anaphase; d. Micronuclei; e. Anaphasic bridge; f. Interphase. Bars: 5 μm.
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that the mechanism of action of captan on lettuce is 
clastogenic and aneugenic, with predominance of the latter. 

The occurrence of sticky chromosomes (Figure 
4b) in cells was due to changes in chromosome structure, 
and it promoted the loss of normal condensation 
characteristics forming clusters, whereas c-metaphase 
is due to mitotic spindle malformation or abnormal cell 
division (Fenech, 2000). The chromosome bridges are 
due to adhesion and a subsequent failure to separate the 
chromosomes in the anaphase, and once the chromatids 
are adhered, they remain united in the anaphase, and 
when separated, they can lead to the formation of 
micronuclei (Marcano et al., 2004). These and other 
chromosomal and nuclear alterations are detrimental to 
cells and can cause them to enter the cell death process 
(Palmieri et al., 2014).

CONCLUSIONS

The isolated use of NaOCl is not efficient in the 
disinfestation of braúna seeds. The fungicide captan at 
2% p.a. applied for 10 minutes, with the maintenance 
of its residue, improved germination and vigor, resulting 
in greater and lesser formation of normal and abnormal 
seedlings, respectively. Captan has high phytotoxic, 
cytotoxic and genotoxic effect and its mechanism of 
action in the cell cycle of Lactuca sativa is clastogenic 
and aneugenic, suggesting the formation of abnormal 
seedlings in M. brauna.
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