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Zea mays The technique of controlled hydration of seeds has been used as a method of physiological
ozonation conditioning to improve their performance in the field. Solution aeration with ozone gas is
health a promising option in controlling phytopathogens. The objective of the present study was to
conditioning evaluate the physiological and sanitary quality of maize seeds preconditioned in ozonated

water. In the evaluation of the physiological and sanitary quality, maize seeds were submitted
to four concentrations of ozone gas (0, 10, 20 and 30 mg L) for five soaking periods (0,
30, 60, 90 and 120 min), with four replicates. Preconditioning maize seeds in ozonated
water, followed by natural drying, resulted in a more pronounced initial development of
seedlings, measured by means of the emergence speed index, seedling dry matter, seedling
length and radicle length, compared with untreated seeds. The initial development of maize
seedlings was intensified by the exposure of seeds to water, especially at 0 and 30 mg L™
ozone concentrations during the period from 60 to 90 min. Preconditioning maize seeds
in ozonated water did not affect the control of Fusarium sp. The fungicide Carbendazim +
Thiram resulted in 100% control of Fusarium sp. in the seeds.

Palavras-chave: Qualidade fisioldgica e sanitaria de sementes

Zea mays de milho pré-condicionadas em dgua ozonizada
ozonizagao P 5

samd'aée RESUMO

cond1c1onament0

A técnica de hidratacdo controlada das sementes vem sendo utilizada como método de
condicionamento fisiol6gico, objetivando melhorar o seu desempenho no campo. A aeragdo
da solugao com gas ozdnio constitui op¢do promissora no controle de fitopatdégenos. O
objetivo do presente trabalho foi estudar a qualidade fisioldgica e sanitaria de sementes
de milho pré-condicionada em agua ozonizada. Na avalia¢do da qualidade fisioldgica e
sanitaria, as sementes de milho foram submetidas a quatro concentragdes de gas ozonio
(0, 10, 20 e 30 mg L") em cinco periodos de embebigao (0, 30, 60, 90 e 120 min), com
quatro repeti¢des. A técnica de pré-condicionamento das sementes de milho em agua
ozonizada, seguida de secagem natural, acarretou desenvolvimento inicial mais acentuado
das plantulas de milho, avaliado por meio do indice de velocidade de emergéncia, matéria
seca de plantulas, comprimento de plantula e radicula, quando comparadas com as sementes
ndo tratadas. O desenvolvimento inicial das plantulas de milho foi intensificado mediante
exposicdo das sementes & 4gua, especialmente nas concentra¢des de 0 e 30 mg L de ozénio,
durante o periodo de 60 a 90 min. O pré-condicionamento das sementes de milho em dgua
ozonizada nio afetou o controle de Fusarium sp. O fungicida carbendazim-+thiram resultou

em 100% de controle de Fusarium sp. nas sementes.
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INTRODUCTION

Physiological conditioning is a technique of controlled
hydration of seeds, which allows the activation of the metabolic
processes of germination and avoids primary root production,
favoring uniformization and better performance of the plants
in the field (MacDonald & Lada, 2009). This technique allows
the use of reserves and synthesis of metabolites necessary to
germination, leading to faster seed germination, reducing the
time of exposure to unfavorable conditions, such as attacks
by microorganisms and water deficit, among others (Marcos
Filho, 2015).

Seed sanitary quality is fundamental, because contaminated
seeds may reduce plant population and yield, and also serve
as a vehicle for the spread of pathogens. Many fungi carried
by maize seeds can be transmitted to the seedlings (Reis et
al., 2004). The practice of using fungicides to treat maize
seeds has still been the most employed by farmers. However,
new technologies have been adopted in the control of fungi
in grains, such as the use of ozone gas (Alencar et al., 2012;
Rodrigues et al., 2015; Sanchez et al., 2016; Santos et al., 2016).

Ozone dissolved in water is a promising option in the
control of microorganisms, being relatively unstable and
easily decomposing into the form of molecular oxygen
(Khadre et al., 2001). The use of new technologies, such as the
preconditioning of seeds in ozonated water, can influence a
series of characteristics important for seedling establishment,
through the acceleration of seedling initial development
and control of phytopathogens, such as Fusarium, which
cause large losses in the initial establishment of the maize
crop. In this context, the objective of the present study is to
evaluate the physiological and sanitary quality of maize seeds
preconditioned in ozonated water.

MATERIAL AND METHODS

The study was carried out with maize seeds, hybrid P30F53
(Pioneer Dupont), with 13% water content (w.b.), at the
Laboratories of Agricultural Products Processing and Seed
Technology and at the Agua Limpa Farm, of the Faculty of
Agronomy and Veterinary Medicine, and at the Laboratory of
Mycology, of the Phytopathology Department, all located at
the University of Brasilia, Brasilia, DF, Brazil (15° 45’ 38 86”
S;47° 52’ 26 947 W).

In the ozone generation process, oxygen (O,) was used
as input, with 90% purity, free from moisture, obtained from
the O, concentrator attached to the ozone generator. Ozone
concentration was determined by the iodometric method
(Clescerl et al., 1999). Ozone was injected in 800 mL glass
container with lid, containing 140 g of maize seeds and 300 mL
of distilled water, with electrical conductivity of 2.0 uS cm™.
The glass containers had lids with connections for gas injection
and exhaustion. Four ozone gas concentrations in the water
were tested: 0, 10, 20 and 30 mg L*!, with flow rate of 1.0 L min*,
for the exposure of the seeds along five soaking periods: 0,
30, 60, 90 and 120 min. The ozone concentration of 0 mg L™
(control) consisted in the injection of atmospheric air using
an air compressor, at flow rate of 1.0 L min'. After exposure to
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ozonated water, the seeds were dried at room temperature (25 +
3 °C) and relative humidity of 50 + 10%, for 24 h. Immediately
after, physiological and sanitary quality tests were conducted.

To evaluate the effect of preconditioning of maize seeds
in ozonated water on seed physiological quality, germination
test (GT) was conducted and the following variables were
determined: seedling length (SL), radicle length (RL), seedling
dry matter (SDM), electrical conductivity (EC) and emergence
speed index (ESI). The germination test was conducted in
four replicates of 50 seeds, in a roll of Germitest paper at 25
°C (Brasil, 2009). Seedling and radicle lengths were measured
in normal seedlings from the germination test, after seven
days of its installation (Vieira & Carvalho, 1994). Seedling
dry matter was determined in normal seedlings from the GT,
subsequently dried in oven at 80 °C for 24 h (Nakagawa, 1994).
To measure electrical conductivity, 50 seeds were previously
weighed, immersed in 75 mL of deionized water and maintained at
25°Cfor 24 h, in duplicate for each replicate. Solution electrical
conductivity was read in a conductivity meter (Digimed), and
the results were expressed in pS cm™ g of seeds (Vieira &
Carvalho, 1994). To obtain the emergence speed index, manual
sowing was performed in the field, with four replicates of 50
seeds for each combination of ozone concentration and soaking
period. The number of emerged seedlings was daily counted,
up to the 14™ day after sowing. At the end of this period, the
ESI was calculated according to Maguire (1962).

In the evaluation of the effects of ozonated water on
maize seed health, Fusarium sp. was initially isolated from
maize seeds with symptoms. The fungus was grown in
potato-dextrose-agar (PDA) medium and conserved in test
tubes containing distilled water. Fusarium sp. inoculum was
multiplied on plates with PDA, incubated at 25 + 3 °C, with
12 h photoperiod. Plates with the fungus remained at 25 + 3 °C
for 7 days. The seeds were previously disinfested in sodium
hypochlorite (1%) for 1 min and inoculated with Fusarium sp.,
through immersion in spore suspension (10° conidia mL™), for
10 min, and then dried at 25 + 3 °C for 24 h (Michel & Radcliffe,
1995). After that, inoculated seeds were exposed to ozonated
water, adopting different combinations of gas concentrations
and soaking periods.

Health test was conducted using the filter paper method
with freezing (Limonard, 1966). One hundred disinfested
seeds (four replicates of 25) were used and later inoculated
with Fusarium sp. The following controls were added to the
treatments: untreated seeds with and without inoculation;
seeds inoculated and treated with Carbendazim+Thiram
(Derosal Plus: Carbendazim 150 g L, Thiram 350 g L''; 200 mL
c.p. 100kg" seed); and inoculated seeds treated with 1% sodium
hypochlorite for 1 min. After the treatments, the seeds were
placed in ‘Gerbox’ acrylic boxes (11 x 11 x 3.5 cm), on two
sheets of filter paper, previously moistened with distilled water
and taken to the incubation chamber for 24 h (20 + 2 °C), under
daily regime of 12 h of white light. After this period, the seeds
were placed in a freezer (-20 °C) for 24 h and then transferred
to an incubation chamber for five days. After the incubation
period, visual analyses were carried out to verify the presence
or absence of fungal colonies in development. The results were
expressed in percentage of infected seeds (Lucca Filho, 1987).

R. Bras. Eng. Agric. Ambiental, v.22, n.5, p.360-365, 2018.
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The experimental design was completely randomized, in
4 x 5 factorial scheme, with four ozone concentrations (0, 10,
20 and 30 mg L") and five soaking periods (0, 30, 60, 90 and
120 min), with four replicates. The data were initially subjected
to analysis of variance. Means were compared by Tukey test
at 0.05 probability level. Statistical analyses were performed
in the program Assistat 7.5 (Silva & Azevedo, 2009). After the
analysis of variance, response surfaces of the characteristics
as a function ozone concentrations and soaking periods were
fitted, for the tests of seed physiological quality. For the health
test, means were compared by Tukey test at 0.05 probability
level. The program SigmaPlot version 10.0 (SYSTAT, 2006)
was used for data graphical representation.

RESULTS AND DISCUSSION

Pre-soaking in ozonated water had significant effect on
several physiological quality variables of maize seeds. Seedling
length (SL), radicle length (RL), electrical conductivity (EC),
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seedling dry matter (SDM), emergence speed index (ESI) and
germination test (GT) were significantly affected (p < 0.05) by
the interaction between ozone concentration and time of seed
exposure to this substance.

The germination percentage of maize seeds subjected or not
to ozonation in different combinations of ozone concentration
and soaking periods remained with values above the standard
required for commercialization, which is 85% (Brasil, 2013).
Pre-soaking had no effect on seed germination rate. This
trend is similar to the results of Oliveira & Gomes Filho (2010),
with sorghum seeds, in which the osmoconditioning did not
influence germination, but promoted benefits to seed vigor.

On the other hand, preconditioning of maize seeds
in ozonated or aerated water, followed by natural drying,
accelerated the initial development of the seedlings. Such
development was measured by the ESI, SDM, SL and RL. For
all these variables, the maximum value, calculated by deriving
the regression equation of the respective response surfaces
(Figure 1 and Table 1), when maize seeds were pre-soaked in
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Figure 1. Response surfaces of seedling dry matter - SDM (A), seedling length - SL (B), radicle length - RL (C) and

electrical conductivity - EC (D), as a function of the ozone concentration (Oc) and soaking period (Sp) of maize seeds
in ozonated water
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Table 1. Fitted regression equations and the respective coefficients of determination (r?) of the response surfaces
for emergence speed index (ESI), seedling dry matter (SDM), seedling length (SL), radicle length (RL) and electrical
conductivity (EC) as a function of ozone concentration (Oc) and soaking period (Sp)

Variable Fitted equations R?
ESI ESI = 6.234 + 0.030 Sp” - 0.0815 Oc™ - 0.002 Sp** + 0.002 O¢?" 0.55
SDM SDM = 47.828 + 0.380 Sp™ — 0.387 Oc™ — 0.003 Sp** + 0.013 O¢c?™ 0.60
SL SL =23.918 + 0.180 Sp™ - 0.527 Oc¢" - 0.001 Sp* + 0.018 Oc* 0.67
RL RL = 13.343 + 0.123 Sp” - 0.355 Oc¢” - 0.001 Sp> + 0.011 Oc?* 0.70
EC EC = 30.068 + 0.141 Oc™ - 0.171 Sp” — 0.006 Oc> + 0.001 Sp>” 0.78

* Significant at p < 5% (F test), ™ Not significant at p < 5% (F test)

water at ozone concentrations of 0 and 30 mg L, during the
soaking periods, were equal to 75 min for ESI; 63 min for SDM;
90 min for SL and 62 min for RL.

Although this technique had been initially proposed for
vegetable seeds, some studies have demonstrated beneficial
effects of osmoconditioning on seed germination and initial
development of seedlings of other important crops under ideal
or adverse conditions, as observed by Murungu et al. (2005)
in maize and cotton.

According to Trigo & Trigo (1999), when seeds are
preconditioned in water or in osmotic medium, cell repair
mechanisms that may contribute to restructuring the
membrane system and reorganizing cell structural components
are activated. These processes are evidences of possible
reversibility in seed deterioration. Pre-soaking of seeds in
aerated or ozonated water may have induced metabolic
initiation through seed hydration, leading to improvement in
the initial performance of the seedlings regarding emergence
speed index, seedling dry matter (Figure 1A), seedling length
(Figure 1B) and radicle length (Figure 1C). Controlled pre-
soaking of seeds does not allow, for most species, the beginning
of cell division and expansion, but can induce a prolonged
capacity for synthesis of proteins, which promotes a more
favorable metabolic balance, generating increments not in
germination, but in seedling growth and biomass accumulation
(Trigo & Trigo, 1999).

Injection of atmospheric air or ozone in the water
was probably an important factor to stimulate the initial
development of the seedlings. For Parera & Cantliffe (1994), the
response to aeration during the conditioning varies according
to species, and the ideal duration period of the treatment can
be modified when an aeration system is used. It is important
to highlight the satisfactory results of seedling development in
the control treatment (0 mg L), which in this experiment were
similar to those obtained at 30 mg L' ozone concentration.
Probably, the injection of atmospheric air increased the
concentration of oxygen dissolved in the water during the pre-
soaking, which positively influenced seed physiological quality.
Relatively long periods of immersion of seeds in water, with
reduction in the oxygen content for embryo development, lead
to changes from the normal aerobic pathway to the anaerobic
pathway of ATP supply, with losses to the germination process
(Franzin et al., 2007).

In seeds not subjected to pre-soaking in pure water
or ozonated water, there were lower values of electrical
conductivity (Figure 1D), around 30 uS cm™ g'. Pre-soaking
period had a very evident effect on the electrical conductivity of
maize seeds. Electrical conductivity decreased to approximately

20 pS cm™ g when the seeds were pre-soaked in aerated or
ozonated water, for up to 90 min, followed by natural drying.
This result suggests a possible beneficial effect of the pre-
soaking process on the cell membrane integrity of the seeds,
since the higher the organization level of the membranes, the
lower the movement of solutes from the inside to the outside
of the cells, reducing the electrical conductivity of the solution.

According to Taiz & Zeiger (2004), the membrane is the
first cell structure to suffer the action of soaking in water, and
this structure depends on the presence of water to maintain
the hydrophobic/hydrophilic orientation. Many studies report
the benefits of preconditioning on seed physiological quality.
Giurizzato et al. (2008) observed lower leaching of electrolytes
in soybean seeds subjected to preconditioning in water,
compared with seeds not preconditioned.

Fusarium sp. incidence percentage was equal to 100% in
maize seeds inoculated and those not inoculated in the control
treatment (Table 2). The treatment of inoculated seeds with
sodium hypochlorite (1%) for 1 min had positive effect on the
control of Fusarium sp. in comparison to the control without
treatment, but this fungus still developed in 70% of the seeds
after treatment with hypochlorite. The treatment of inoculated
seeds with the fungicide Carbendazim+Thiram was efficient
to control Fusarium sp., resulting in almost 100% control of

Table 2. Mean percentage of maize seeds infected by
Fusarium sp. as a function of the exposure to different
combinations of ozone concentrations (Oc) and soaking
periods (Sp) in water

. Oc Sp Incidence
Treatments Inoculation (mgL") (min) of Fusarium (%)

Control No - - 100.00 a
Control Yes - - 100.00 a
Fungicide Yes - - 0.01¢c
Hypochlorite Yes - - 70.00 b
Yes 0 30 100.00 a

Yes 0 60 100.00 a

Aerated water Yes 0 90 100.00 a
Yes 0 120 100.00 a

Yes 10 30 100.00 a

Yes 10 60 100.00 a

Yes 10 90 100.00 a

Yes 10 120 100.00 a

Yes 20 30 100.00 a

Ozonated water Yes 20 60 100.00 a
Yes 20 90 100.00 a

Yes 20 120 100.00 a

Yes 30 30 100.00 a

Yes 30 60 100.00 a

Yes 30 90 100.00 a

Yes 30 120 100.00 a

Means followed by the same letter in the columns do not differ statistically by Tukey test at
0.05 probability level

R. Bras. Eng. Agric. Ambiental, v.22, n.5, p.360-365, 2018.
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the fungus. Maize seed exposure to ozonated water, at 30 mg
L, for up to 120 min, did not show any effect on the control
of Fusarium sp. All seeds exposed to these treatments had
the fungus Fusarium sp. when incubated under favorable
conditions to its development.

The fact that all seeds preconditioned in ozonated water
had high percentage of Fusarium sp. incidence shows
the inefficiency of ozone to control this fungus under the
conditions tested in the present experiment. The increase
of moisture in the superficial layer of the seeds, due to pre-
soaking, may even have favored the infection by Fusarium sp.,
because ofthe stimulus to the germination of spores. According
to Brandio et al. (2016), moisture is indispensable for the
germination of most fungal spores and for the penetration
in the germination tube of the host, besides increasing seed
susceptibility to certain pathogens, affecting the incidence
and severity of the disease. On the other hand, many studies
have shown that the ozone gas applied directly in the seeds,
in the absence of water, reduces fungal population and the
biological activity of a variety of mycotoxins, corresponding
to an effective method to disinfest and disinfect grains and
seeds (Sahab et al., 2013; Luo et al., 2014; Savi et al., 2014).

CONCLUSIONS

1. Soaking maize seeds in water at ozone concentration of
up to 30 mg L for a period of up to 120 min does not affect
germination when it is naturally high and reduces the loss of
cellular solutes.

2. The initial development of maize seedlings is intensified
by seed exposure to water, especially at ozone concentrations
of 0 and 30 mg L' for a period from 60 to 90 min.

3. Exposure of maize seeds to water with ozone concentration
of up to 30 mg L for up to 120 min is not efficient to control
the fungus Fusarium sp.
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