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HIGHLIGHTS

* Reactive oxygen species (ROS) are an important role in live tissues.
* The phenol compounds to counterattack ROS against damages.
* Low doses of thymol protect and not impair seed vigor.

* Thymol can be considered a technology for seed treatment.

Abstract: Higher levels of reactive species of oxygen are harmful to plant tissues. This
study evaluated the action of different doses of thymol on soybean seed germination,
biometric analysis and enzymatic parameters; both involved in germination process. High
doses of thymol affected the plantlet growth, but not hampered the germination.

Keywords: ascorbate peroxidase; catalase; superoxide dismutase; Glycine max L.; seed
vigor.
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GRAPHICAL ABSTRACT

INTRODUCTION

In order to obtain crops with high yield and productive potential, it is indispensable to
use viable seeds to obtain an appropriate stand in the tillage. It is known that seed
germination is a complex system, regulated by intrinsic and extrinsic factors [1,2].

The reactive oxygen species (ROS), such as superoxide (O2), hydrogen peroxide
(H202) and hydroxyl radical (OH"), were initially seen only as hazardous compounds, which
causes damages to plant cell and tissues, but currently they are also recognized as
important molecules in plant biological processes [3]. These molecules are formed by
oxidation-reduction reactions and are natural products of the metabolism of all plants, being
presentin all cells and during all phases of the seed life cycle [1]. In seeds, during dormancy
alleviation and germination process, the ROS are relevant molecules for signaling and also
has an important roles in endosperm weakening, mobilization of seed reserves, protection
against pathogens and programmed cell death [3]. Naturally the plants produce ROS, during
photosynthetic process the light produce ROS in chloroplast and peroxisomes, while the
dark conditions the mitochondria promote ROS. ROS also occur duo to exogenous factors,
such as: salinity, UV radiation, drought, heavy metals, temperature extremes, nutrient
deficiency, air pollution, herbicides and pathogen attacks [4].

The ROS are highly reactive and leads to the degradation of the proteins, lipids,
carbohydrates and even DNA, which ultimately results in cell death. The stress induced by
ROS can be counteracted by enzymatic (catalase, ascorbate peroxidase, superoxide
dismutase) and non-enzymatic antioxidants (ascorbic acid, glutathione, tocopherols,
carotenoids). Antioxidant substances are responsible for neutralizing free radicals, thus
preventing oxidative damage [4].

Bioactive compounds with antioxidant action are the subject of several studies, as a tool
to reduce the potential damage of ROS and to benefit germination and vigor of seedlings [5].
One of these compounds is thymol, a phenolic monoterpene, abundantly found in plants of
Verbenaceae family, such as Lippia sidoides Cham [6]. It has bactericidal, fungicidal and
antioxidant attributes [6,7]. Thus, possibly this compound has potential natural antioxidant
action, which can be applied in agriculture through seed protective technology.

The seed germination involves many processes, as the membrane reorganization and
reactivation of metabolism, which invariably promote ROS synthesis, these considered
detrimental to seed viability [1], and taking into consideration that soybean is the main
commodity in Brazil, it is important to recognize potential damages caused for ROS in initial
development in this crop, and to seek ways that can avoid economic losses. The aim of this
study was to evaluate the thymol action at different doses on germination, biometric and
enzymatic parameters involved in soybean germination (Glycine max L.).
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MATERIAL AND METHODS

The experiment was conducted in the Laboratory of Physiology and Metabolism of Crop
Production (LAFIMEPRO) at the Federal University of Vigosa - Rio Paranaiba Campus, in
July 2016. Soybean seeds ‘TEC 7849 IPRO’ were used. The experimental design was
completely randomized. The seeds were previously selected, removing those with visible
damage, and disinfested with sodium hypochlorite solution (NaClO) at 1% for five minutes
and then washed in running water to remove NaClO excess.

It was analyzed the use of increasing doses of thymol, with 99% purity, in the
germination process and if it had a regulatory effect on soybean seedlings. The doses of
thymol tested were: 0; 0.01; 0.1; 1; 10 and 100 mg L?, with 4 replicates, these doses were
adopted from previous phytotoxicity and cytotoxicity bioassay [8]. It was used rolls of
Germitest paper (material free of debris, impurities, fungi and bacteria) as substrate, with 28
x 38 centimeters each, previously sterilized and thereafter moistened with each of the 6
different doses of thymol, with 2.5 times its initial weight. 50 seeds were deposited uniformly
per roll, totaling 24 rolls and 1200 seeds used.

For germination test, according to the recommendations of the Brazilian Rules for Seed
Analysis [9], this test consists in determining in a batch the proportion of live seeds capable
of producing normal plants, under favorable conditions. The Germitest paper rolls were kept
in a Mangelsdorf germinator, set at 25+0.5°C, for 7 days, for germination analysis. It was
considered all the 50 seeds per replicate per treatment. The results were expressed in
percentage (%).

The germination speed index (GSI) consists of the evaluation of germination speed.
The faster the germination, the greater it is vigor. To obtain this index the evaluations were
performed concomitantly with the germination test, daily counting the numbers of
germinated seeds from 4th day and calculating the rate of germination speed according to
the equation [10]:

GSI= bt 24 2q n
N, N, N3 N,

Where: E1, E2, En = normal seedlings counted in the first, second and last counting; N1,
N2, Nn = number of days on first, second and last counting [10].

On the 7th day of the experiment's implementation, biometric measurements of shoot
and root length were performed on 10 subsamples of each paper roll, randomly chosen,
using a millimeter ruler. The results were expressed in centimeters (cm).

For quantification of antioxidant enzymes activity, we evaluated the activity of three
important antioxidant enzymes were quantified according to authors: superoxide dismutase
(SOD) [11,12], catalase (CAT) [13,14] and ascorbate peroxidase (APX) [15]. Both assays
were submitted to reading in spectrophotometer UV-Vis Evolution 300 (Thermo Fisher
Scientific, Germany).

The values observed in the experiment treatments were submitted to ANOVA and the
means were compared by Dunnett’s test, at 5% of significance [16].

RESULTS

It was observed that the germination of soybean seeds and the GSI after the application
of thymol, under highly favorable conditions of temperature and humidity, showed no
significant effect (Table 1). For biometric parameters we observed significant effect in the
shoot and root measurement of the seedlings (Table 1), onto both variables presented
reduction in the length when applied the doses of 10 and 100 mg L, where for the root a
decrease was observed in the order of 78.23 and 68.12%, respectively, and for shoot we
observed reduction of 84.72 and 34.02%, respectively, there was a more abrupt decrease if
compared to the others doses. Our results showed the great sensibility in shoot length when
subjected to doses of thymol.
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Evaluating oxidative stress in plant tissues we observed no significant effects for thymol
on the activity of CAT and APX, these samples presented high variability, with high CV (%)
values. These enzymes can be considered key in the scavenger to the hydrogen peroxide,
but thymol showed effective action in the regulation of superoxide anion (O2), by significant
reduction in the SOD activity, with exception of the 1 mg L dose, that did not differ from the
control (Table 1).

Table 1. Means of germination percentage, germination speed index (GSI), shoot length,
root length and superoxide dismutase (SOD) activity in soybean seeds subjected to
different doses of thymol.

Dose Germination GSl Shoot lenght Root lenght . SOD _
(mg LY (%) (cm) (cm) (U mint mg protein)
0 88.5 (+2.5) 22.35(+0.54) 8.47 (x0.21) 12.77 (+1.38) 1.44 (+0.22)

0.01 86.5 (¥x1.5) 21.56 (x0.48) 6.66 (x0.23)* 11.10 (x0.80) 1.05 (£0.49)*

0.1 87.5(x1.7) 21.96 (+0.50) 7.96 (x0.66) 11.80 (+0.72) 0.75 (£0.11)*

1 85.5(¥3.6) 21.53(x0.86) 6.17 (¥x0.29)* 10.86 (x0.40) 2.07 (£0.43)

10 85.5(£1.3) 21.34(x0.28) 2.60 (+0.14)* 2.78 (+0.30)* 0.22 (+0.06)*

100 93.5(x2.8) 23.38(+0.60) 2.83(x0.34)* 4.07 (x0.27)* 0.95 (£0.27)*

The means were compared at Dunnett’s test, at 5% of significance, * differences significant. For
germination, GSlI, shoot and root lenght (n=4), and for SOD (n=3).

DISCUSSION

Our results indicate that during the initial process of soaking and emission of the
radicles, thymol did not cause deleterious effects and phytotoxic responses. Similar
response was found in research with kojic acid and tyrosol, two potent antioxidants, and no
harmful effects have been observed on germination of wheat seeds (Triticum aestivum L.)
[5]. Still, in studies with lettuce seeds (Lactuca sativa L.) the authors observed 95% of
germination when applied 0.001% and 0.01% (v/v) of L. sidoides essential oils (thymol-rich
compound), but when the concentrations increased to 0.1% and 1%, the germination rate
was 0%, this essential oil was obtained from leaves of matured plants and extracted by
hydrodistillation [17]. Many allelochemical compounds have both inhibitory and stimulatory
attributes effects, according to the doses of these molecules and also the recipient species
[5,18,19]. Generally the monoterpenes (eg.: thymol) present allelopathy activity, with
deleterious effect on cell cycle, with reduction in seed germination and plant development [8],
we consider that the absorption and the consequent translocation in the vascular system led
to the accumulation of thymol in the shoot tissues, which led to the allelophatic activity in the
plant shoot. According to AOSA [20], the seedling length or part of it, is an important
information related to vigor tests. The use of the compound, mainly at the higher
concentrations, inhibited seedling growth, which possibly can be explained by the residual
effect of thymol on the radicle during the time of absorption of the compound present in
substrate, promoting anomalous growth in shoot and root, and also delaying its
development.

The detection of enzymatic activity indicates that there is production of ROS, and
therefore the plant is working to remove them through these enzymes. At dose 0, the SOD
activity was intense, but when submitted to the presence of thymol, the activity became low,
we note reductions of 27.08 %; 47.91 %; 84.72 % and 34.02 %, for the doses of: 0.01; 0.1;
10 and 100 mg L%, respectively. Our data suggest that thymol is a potent scavenger of ROS
and so there is no metabolic expenditure for the synthesis of enzymatic protection
mechanisms. All components of a cell are susceptible to the action of ROS, however, the
membrane is highly voluble because it undergoes intense peroxidation, which generates
alterations in membrane structure and its permeability [4]. Antioxidant compounds are
responsible for protecting the lipid layer of cell membranes against oxidation caused by free
radicals, although recent investigations have shown that the process can accelerate the
oxidation and degradation of other molecules, such as DNA [21].
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From a holistic analysis it is possible to verify that thiol compound, via seed treatment,
promote a controlled endogenous ROS production, we observed that the low activity of SOD
(10 and 100 mg L™?), led to the significant increase of the damage in the seedlings, reducing
their growth of shoot and root. While lower doses do not impair the development of the plant,
especially its root system.

In relation to sanity, we observed that the Germitest paper towel rolls soaked with high
concentration of thymol were the least contaminated by pathogenic microorganisms,
adducing the antiseptic, antifungal and bactericidal attributes, for which thymol is also known
(Supporting Material 1).

CONCLUSION

In conclusion, the use of the doses of thymol in seed treatment, by soaking, did not
impair the germination and the GSI of soybean seeds. But the use of high doses affected the
seedling phenotype; doses up to the 1 mg L of thymol showed deleterious effects on root
and shoot seedlings. We recognize thymol as a potential protective action for soybean
seeds treatment.
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