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Abstract: The study aimed to assess the fungicidal potential of ethanolic and dichloromethane
extracts from Ocimum gratissimum leaves and eugenol-pure nanoemulsion in the preservation and
viability of bean (Phaseolus vulgaris L.) and maize (Zea mays L.) seeds during storage. Seeds were
soaked in 5mg/mL ethanolic extract solution, 5mg/mL dichloromethane extract solution, and 5%
eugenol nanoemulsion, followed by storage in plastic containers at room temperature for 60 days.
Fungi presence was noted in the seeds, prompting evaluation. Methyl thiophanate was used as a
positive control and water as a negative control. Vigor analysis used filter paper as a substrate pre-
and post-storage. Effects of extracts on seed germination, germination speed index, first germination
number, emergence, emergence speed index, root length, and stem length were also analyzed. The
fungal diversity analysis demonstrated the presence of Aspergillus, Penicillium, and Rhizopus fungi
in all treatments. For beans, eugenol nanoemulsion (4.4%) showed greater pathogen reduction, while
for maize, ethanolic (40.4%) and dichloromethane (43.0%) extracts were more effective. Post-storage,
bean seeds treated with ethanolic extract displayed a 98.6% germination rate, while maize seeds had
an 84.6% rate. However, both dichloromethane extract and eugenol nanoemulsion negatively
impacted seed vigor in both crops. Results suggest that ethanolic extract from O. gratissimum leaves
could be a viable alternative for protecting seeds from fungi during storage while maintaining
germination ability.

Keyword: allelopathic effect; eugenol; germination test; nanoemulsion; traditional communities.

Abbreviations AF_aqueous phase; BOD_Biological Oxygen Demand; DLS_dynamic light scattering; %E_ percentage of emerged
seedling; EEtOH_ethanolic extract; ENE_eugenol nanoemulsion; FCG_First germination count; FDCM_dichloromethane extract;
GSI_Germination Speed Index; GVI_germination viability index; HLB_hydrophilic-lipophilic balance; MT_fungicide Methyl
thiophanate; NCS_nanostructured colloidal system; OP_oil phase; SEI_Seedling Emergence Index.

Introduction

Brazil is the world's third largest producer of maize (Zea mays can act as a source of infection in unfamiliar regions,
L.) and beans (Phaseolus vulgaris L.), with a production of 105 potentially exacerbating the spread of diseases in the field
million and 2.9 million tonnes respectively in 2021, according (Stefanello et al., 2015; Garofolo et al., 2018; Leite et al., 2018).
to (ONU, 2022). These foods are fundamental to Brazilian A management challenge in agricultural pest control arises
diets due to their high nutritional value, and important from the extensive use of chemical tools, leading to pathogen
sources of protein, carbohydrates, vitamins, and minerals resistance and toxicity to non-target organisms (Lamichhane
(Celmeli et al., 2018). Beans and maize creole seeds are an in et al., 2020). Therefore, the use of plant extracts and essential
vivo genetic heritage, as they have not been subjected to oils is considered an ecologically safer alternative, with
modern techniques of genetic modification. These seeds help studies reporting their effectiveness in controlling
to feed and provide economic stability to traditional phytopathogens (Onaebi et al., 2020). Ocimum gratissimum
communities (da Silva et al., 2017). L., popularly known as alfavaca-cravo, is an aromatic herb
In agroecological farming, it is common practice to store with a rich diversity of secondary compounds, including
seeds in PET bottles for domestic use and the next harvest. phenolic compounds simple, flavonoids, terpenoids, fatty
Nevertheless, farmers encounter many challenges in keeping acids, tannins, and alkaloids with biological potential
these seeds physiologically viable due to inadequate storage (Nassazi et al., 2020). This plant has been widely used in
conditions and susceptibility to pests and diseases. High traditional medicine due to its bioactive properties, such as
temperature and humidity conditions during storage provide allelopathic, antioxidant, antibacterial, cytotoxic, and
an environment for fungi to proliferate, compromising both antifungal activity.

germination and seed vigor. In addition, contaminated seeds
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Table 1. Germination percentage (%G), germination speed index (GSI), first germination count (FGC), emergence percentage (%E),
Seedling Emergence Index (SEI), root length, and stem length according to the treatments at each storage time for bean and maize
creole seeds. EEtOH = ethanolic extract; FDCM = dichloromethane extract; ENE = eugenol nanoemulsion. Tukey test at p<0.05

probability.
Bean Seed %G GSlI SEI root length (cm) stem length (cm)  *FGC (%) *%E
Treatment (1 _0) (t=60) (t=0) (t=60) (t=0) (t=60) (t=0) (t=60) (t=0) (t=60)
Negative 96.02  97.12 37.3b 2700 37.3b 2700 87¢ 1153 80c 6.4 83.32b 83.42b
Control
Methyl 99.32 9802 42.82  30.32b 42.82  30.32b 115> 12.0bc 3.2d 7.63b 88.02 88.32
thiophanate
EEtOH 97.02  98.62 4372 33,02 4372 33,02 1422 1512 13724 8.42 89.22 89.22
FDCM 96.72  98.12 26.6°  21.4¢ 26.66  21.4¢ 12.00  12.8b 109> 8.02 75.0bc 75.0bc
ENE 928>  97.02 44.5¢ 4982 2435 19.7¢ 8.0¢ 10.4¢ 7.8° 7.1b 68.4¢ 68.3¢
Maize Seed %G GSI SEI root length (cm) stem length (cm)  *FGC (%) *%E
Treatment (t=0) (t=060) (t=0) (t=60) (t=0) (t=60) (t=0) (t=60) (t=0) (t=060)
Negative 80.72 7852 3180 27.52 382 50.6 9.9¢ 19.1b 802 9.2 82.62 18.0°
Control
Methyl 7732 62.7¢ 3952 8.6P 4338 40.6b 16.6>  24.72 7.42 6.7¢ 762 15.5b
thiophanate
EEtOH 82.02  84.62 27.85  10.4b 442 42.72b 19.62  24.3a 7.6 10.42 772 20.42
FDCM 62.7b 78.02b 22.0¢ 9.2b 34b 45.32b 15.9b 20.6P 8.22 11.22 792 19.82
ENE 51.40¢  75.0b 14.1d 7.1b 15.3¢ 20.0¢ 7.74 15.6° 3.8b 8.4 712 14.7b
The in vitro antifungal activity of O. gratissimum against nanoemulsion.  Particle size analysis indicated a

postharvest fungi has been studied by Olea et al., 2019; Silva,
2021. Fungicidal action has been linked to principal
components in the oil, such as eugenol, linalool, and n-
hexadecanoic acid (Mohr et al., 2017; Uchegbu et al., 2019).
Our research group carried out a study that demonstrated
the fungicidal properties of the ethanolic and
dichloromethane extracts of O. gratissimum leaves against
the phytopathogens Aspergillus sp. and Rhizopus sp. in vitro
assays. Gas chromatography analysis revealed eugenol as
the predominant compound in the extracts under
investigation (Lima et al., 2022).

Eugenol, a yellowish liquid primarily found in clove, is an
aromatic  phenylpropanoid with diverse properties.
Commonly used as an analgesic, it also has antifungal,
insecticidal, and antimicrobial properties (Didehdar et al.,
2022). Eugenol is insoluble in water and oxidizes when
exposed to air. An effective strategy to mitigate this problem
is the incorporation of this compound into a nanoemulsion,
which is a tool to improve bioavailability and prevent the
degradation of unstable compounds. Nanoemulsion
formulations have been explored for their potential in
antifungal control in grain storage systems (Silva et al., 2022).
This study aimed to evaluate the physiological and sanitary
quality of bean (Phaseolus vulgaris L.) and maize (Zea mays
L.) creole seeds treated with O. gratissimum extracts and
eugenol oil nanoemulsion.

Results

Preparation of nanoemulsion from commercial
eugenol-pure

The nanoemulsions were formulated using binary mixtures
of emulsifiers, namaly polysorbate 80/sorbitan trioleate,
polysorbate 20/sorbitan monooleate, and polysorbate
20/sorbitan trioleate, at Hydrophilic-Lipophilic Balance
(HLBs) values of 15; 13; 11; and 10. Different concentrations
of 5%, 10%, and 15% were employed. However, post-
preparation, these formulations exhibited creaming or phase
separation (Fig 1).

The emulsifier combination of polysorbate 80 and sorbitan
monooleate, at the concentration of 15% of the oil phase with
an HLB of 13, exhibited a distinct bluish light reflection

attributable to the Tyndall effect - a characteristic feature of
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measurement of 247.5 nm, and the zeta potential was
determined to be -8.9 mV (Fig 2).

Vigor analysis of seeds

The sanitary quality of bean and maize creole seeds was
evaluated for the presence of fungal growth in each
treatment. The Aspergillus sp., Penicillium sp., and Rhizopus
sp. genus were found on both seeds, differing in quantity
from each other (Fig 3).

There was an interaction between the treatments and the
storage periods for the fungal genus evaluated in the bean
creole seeds (Fig 4-a-c-e). Both natural (O. gratissimum leaves
extracts) and synthetic (positive control) treatments reduced
Aspergillus sp. incidence compared to the negative control,
but the incidence of these fungi increased after storage of the
seeds (Fig 4-a). In the initial phase, the ENE showed better
efficacy against Aspergillus sp. (4.4% infestation) than other
products (e.g., fungicide group with 11.5%) (Figure 2-a). After
60 days, the antifungal properties of the ENE (11.1%) were
comparable to the positive control (16%) and superior to
EEtOH- T1 (32.0%) and FDCM - T2 (24.0%) (see Figure 2-a).
After sixty days, the fungicide (1.5%) had the most significant
effect on Penicillium sp. followed by the ENE — T3 (8.3%),
FDCM - T2 (20.0%), and EEtOH — T1 (27.8%) (Fig 4-c).

Seeds treated with the synthetic fungicide, EEtOH, and ENE
showed a reduction in the proliferation of Rhizopus sp.
during both periods of storage in comparison with the
negative control (Fig 4-e). Only after storage, with a 5.6%
infection rate, FDCM affected the growth of this
phytopathogen, achieving an effect like to the fungicide
(6.0%) and EEtOH - T1 (3.1%). These treatments resulted in a
more significant reduction than ENE - T3 (11.5%) and the
negative control (35.0%).

When analyzing Aspergillus sp. infestation in maize creole
seeds, only ENE did not inhibit fungal growth during the
initial period, resembling the negative control (Fig 4-b).
However, after 60 days of storage period, all applied
treatments showed a decrease in pathogen incidence. Among
them, EEtOH-T1 was the most effective (40.4%), followed by
FDCM-T2 (43.0%) and fungicide (61.3%), while ENE-T3
displayed the lowest efficacy (66.5%) (Fig 4-b).

Before storage, only EEtOH and FDCM treatments were able
to reduce Rhizopus sp. infestation on maize seeds by 2.7% and



Fig 1. Emulsions prepared from 5% pure eugenol oil and the emulsifiers: A) Polysorbate 80/sorbitan trioleate B) Polysorbate
20/sorbitan monooleate at different HLBs (from right to left 10; 11; 13 and 15) C) Polysorbate 20/sorbitan trioleate at different HLBs
(from right to left 10; 11; 13 and 15).
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Fig 2. Emulsions from 5% pure eugenol oil and 20% polysorbate 80/sorbitan monooleate with HLB 13 (oil phase) and 75% aqueous
phase. A) Dynamic light scattering (DLS) data; B) nanoemulsion; C) Zeta Potential data.

Fig 3. Incidence of funi in bean (a) and maize (b) creole seed.

1.3%, respectively, with a significant difference from the Physiological analysis of the seed after treatment

negative control of 2.1% (Fig 4-f). Post-storage, the The study aimed to evaluate the storage conditions of creole
microorganism proliferated in all treatments except for ENE bean and maize seeds treated with both natural (extracts
(9.0%), which displayed a decrease in infestation comparable from O. gratissimum leaves) and synthetic products (positive
to EEtOH (14.7%) and FDCM (3.4%). None of the products control). To this end, the initial water content of bean and
demonstrated a significant difference from the negative maize seeds stored at levels between 7.3-8.4 % (Fig 5-a) and
control in the inhibition of the growth of Penicillium sp. (Fig 11.7-13.2 % water (Fig 5-b), respectively, was measured. The
4-d). results did not show any significant differences in humidity

levels between the products used. However, a slight increase
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in the water content of the bean seeds after was observed
storage (Fig 5-a).

Germination tests were conducted using five treatments:
water, synthetic fungicide, ethanolic extract,
dichloromethane extract, and eugenol nanoemulsion, on
creole bean and maize seeds (Table 1). The tests were done
over two storage periods: zero and sixty days. The data show
significant interactions, which means that the efficacy of the
treatments was related to the storage time of the seeds.

An interaction effect between the products and the storage
time of the bean seeds was observed for the variables
analyzed (Table 1). All treatments resulted in a similar
germination (G) response, with values ranging from 92% to
99%. Before storage, only the treatment with the
nanoemulsion presented a lower effect in comparison with
the other treatments. During the first storage period, only
EEtOH achieved a higher GVI than the negative control.
Subsequently, EEtOH (51.1%), FDCM (51.6%), and ENE
(49.8%) yielded better results than the fungicide (46.0%) and
were comparable to the negative control (52.2%)

Root length increased after storage, with the highest mean
values observed in EEtOH (15.1 ¢cm) and FDCM (12.8 c¢m),
while NEE had the lowest mean value of 10.4 cm compared
to the negative control (11.53 cm). On the other hand, stem
length decreased after storage, but the highest values were
observed in EEtOH (8.4 cm), FDCM (8.0 cm), and fungicide
(7.6 cm). For PCG and E, the factors were analyzed
individually because there was no interaction between
product and storage time. EEtOH and methyl thiophanate
had the highest average FCG values with 89.2 % and 88.0 %,
respectively. However, FDCM and eugenol nanoemulsion
showed a decrease, with the latter exhibiting a significant
decrease to 68.4%. Similar results were obtained for the
variable E, indicating a decrease in GSI after storage for all
the tested treatments. Eugenol nanoemulsion (19.7) and
FDCM (21.4) had the lowest values, while EEtOH and
fungicide had the highest averages of 33.0 and 33.3,
respectively (Table 1).

Discussion

Storage fungi are common in beans and corn creole seeds
(Pinto et al., 2021). This study identified Aspergillus sp.,
Penicillium sp., and Rhizopus sp. in both creole seeds, but at
different levels. The elevated levels of fungal infections
during the storage phase could be related to the increased
supply of nutrients and water in the seeds. The water content
of these seeds before storage was more than 13%, which
could have promoted the activity of the storage fungi
(Nascimento and Moraes, 2011).

The incorporation of insoluble bioactive substances into
aqueous media through nanoemulsions is a viable solution
for microorganism control. This study employed the low-
energy input method using vortex stirring, provided DLS
results at the nanoscale level. A study using the high energy
input ultrasound method and polysorbate 80 to formulate
eugenol nanoemulsions yielded droplet sizes ranging from
19.21 to 42.82 nm with a zeta potential of -29.83 mV. The
study aimed to refine the preparation process and
demonstrate the efficacy of the method in producing stable
nanoemulsions. The results demonstrate the potential of the
technique as a means of producing uniform droplet sizes in
nanoemulsions. Additional research on blends of polysorbate
80 with other sorbitan-derived surfactants showed increased
stability and reduced colloidal droplet size (Peniche et al.,
2022).

EEtOH and FDCM extracts were effective in reducing the
proliferation of Rhizopus sp. and Aspergillus sp. in maize
seeds during biological assays, supporting a previous in vitro
study conducted by our research group (Lima et al., 2022).

623

Eugenol nanoemulsion showed the greatest reduction in
Aspergillus sp. and Penicillium sp. proliferation in bean seeds
in both periods studied. Eugenol is a component of the
essential oil derived from the leaves of O. gratissimum and
has been characterized as the major constituent of both the
ethanolic extract and the dichloromethane extract (Lima et
al., 2022). Previous studies have demonstrated the efficacy of
O. gratissimum in controlling several phytopathogenic fungi,
including Colletotrichum lindemuthianum (Silva et al., 2022),
Botryosphaeria rhodina, Rhizoctonia sp. and Alternaria sp. (;
Faria et al., 2006), and Botrytis cinerea (Olea et al., 2019).
Therefore, the results of this study indicate that O.
gratissimum extracts have fungicidal potential in the control
of storage fungi mediated by eugenol, which may act
synergistically with other secondary metabolites (Mann,
2012; Nguefack et al., 2012) and/or stimulate the defense
system of bean and maize seeds against phytopathogens,
justifying a different mechanism of action in plant species
against the tested fungi (Colpas et al., 2009). The antifungal
mechanism of eugenol is associated with the disruption of
the plasma cell membrane, alteration of the transport of ions
and ATP and the inhibition of the production of toxins (Olea
et al.,, 2019; Ulanowska and Olas, 2021).

In the two storage periods evaluated in this study, EEtOH did
no effect on the germination of the plant species. The results
confirm those obtained by Araujo et al., 2018, who observed
no effects on germination with the application of O.
gratissimum extract on organic seeds of cherry tomato
(Lycopersicon esculentum Mill.), and by Silva, 2021 on cowpea
(Vigna unguiculata L. Walp). This may be due to the
antimycotic effect of the extract, which prevents biochemical
changes caused by fungi that could interfere with
germination (Abiala et al., 2020; Silva, 2021). Furthermore, the
antioxidant capacity of O. gratissimum EEtOH, observed
during the preliminary studies of this research group, could
prevent oxidative reactions that lead to the degradation of
biomolecules fundamental to the germination process (Li et
al., 2022; Lima et al., 2022).

The percentage of germination decreased when maize seeds
were exposed to FDCM and eugenol nanoemulsion, causing
to a reduction in bean seeds germination, However, this
effect was mitigated after storage. Literature has already
described O. gratissimum phytotoxicity observed in other
species Euphorbia heterophylla (Martendal et al., 2018) and
Lactuca sativa L. (Miranda et al., 2015), but the allelopathic
study and concomitant protection of EEtOH, FDCM and
eugenol nanoemulsion in bean and maize creole seeds during
postharvest has not been documented.

The germination viability index (GVI) is a parameter for the
assessment of seed vigor. In the present study, it was found
that the application of products such as EEtOH, FDCM, and
eugenol nanoemulsion led to a decrease in the GVI of maize
seeds during storage. In the case of beans, only eugenol
nanoemulsion affected the GVI. FDCM treatment showed a
negative effect on PCG, E, and GVI variables. The results
suggest that the allelopathic effect of O. gratissimum during
storage most affects maize, and the allelopathic effect is
mainly due to the FDCM and eugenol nanoemulsion
products. These results are consistent with the observations
of Ighodaro et al. (2010) on the allelopathic effect of O.
gratissimum on commercial bean and maize seeds. The
variation in plant toxicity to extracts may be attributed to the
presence of seed coat, which acts as a barrier between
embryo and environment, and selective seed coat
permeability, shielding the inhibitory activity of phytotoxic
compounds (Islam and Kato-Noguchi, 2014).

Allelopathic effects of Ocimum extract may be caused by
flavonoids and terpenoids, as suggested by previous studies
(Ighodaro et al., 2010; Miranda et al., 2015; Martendal et al.,
2018). In this study, the use of eugenol nanoemulsions
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resulted in reduced growth of both aerial and root parts of
the seed, and this effect was maintained in maize roots even
after 60 days of storage. Miranda et al. (2015) reported a
decrease in germination, growth vigor index, and aerial and
root length after exposure to O. gratissimum essential oil and
its major constituent (eugenol) in Lactuca satival. Our results
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are consistent with their findings and emphasize a marked
effect from eugenol.

To be a potential biocontrol agent, the extract with pathogen-
fighting ability must have no harmful effects on seeds or
seedlings. The present study shows that EEtOH successfully
maintained the physiological state of bean seeds during
storage. In addition, it promoted root and aerial growth of



both plants during the two evaluated periods, which
confirms the findings of (Abiala et al., 2020) who observed
that maize seedlings treated with aqueous extracts of O.
gratissimum had improved germination and growth,
indicating a positive response of maize seedlings to aqueous
extracts of O. gratissimum. Furthermore, the positive
response of EEtOH in the present study may be attributed to
the low concentration and proportion of phytochemicals
based on the findings of Martendal et al., 2018; Mekky et al.,
2019; Silva, 2021. However, the allelopathic effect of FDCM
and eugenol nanoemulsion was found to affect both seeds.
In particular, the inhibitory effect of eugenol nanoemulsion
persisted in both storage periods, as expected due to its
superior physicochemical stability and biological efficacy of
bioactive compounds (Luo et al., 2020).

Material and Methods

Preparation of the plant extracts
Leaves of O. gratissimum were obtained from the Fazenda
Experimental Engenheiro Reginaldo Conde (FERC), in
Viana/ES, at the Instituto Capixaba de Pesquisa, Assisténcia
Técnica e Extensdao Rural (INCAPER). The species was
identified by researchers from the Federal University of
Espirito Santo (UFES). The exsiccate was deposited in the
herbarium of the Botany Department of the UFES under the
code VIES 36175.
The leaves were dried in an oven with circulating air at a
temperature of 40 “C for 24 hours and then crushed. The
ethanolic extract (EEtOH) was obtained by maceration of the
leaves in 96% ethanol at a ratio of 1:10 (plant: ethanol) and
kept at room temperature, protected from light. After
filtration, the ethanol was evaporated using a rotary
evaporator. The recovered solvent was added to the
remaining leaf and the maceration was repeated until the
complete exhaustion of the plant drug had been achieved.
The concentrated residue obtained (called EEtOH) was
stored in an amber-colored glass vial under refrigeration at 4
°C. Part of the EEtOH was suspended in a mixture of ethanol
with water (8:2), which was extracted with the organic
solvent dichloromethane to obtain the dichloromethane
extract (FDCM), after solvent elimination.
Preparation of nanoemulsion from commercial
eugenol-pure
Pure eugenol oil was purchased commercially and employed
to develop a nanoemulsion through the low-energy process
(Peniche et al., 2022). The formulation of the eugenol
nanoemulsion (ENE) involved combining the oil phase (OP)
and aqueous phase (AF) based on the following formula:
% total (final weight of 2g)

= OFsy% eugenol oil + X% Emulsifiers

+ AF95% - X% Emulsifiers,
being X% = 20%, 15%, 10% € 5%.
Surfactant mixtures of polysorbate 20 (HLB 16.7),
polysorbate 80 (HLB 15), sorbitan trioleate (HLB 1.8) and
sorbitan monooleate (HLB 4.3) with different final
hydrophilic-lipophilic balance (HLBf) values of 15,13, 11 and
10 were used for the preparation of the nanoemulsion. To
determine the gram amount of each surfactant (ma and mb),
was considered the HLBf value, the desired percentage/total
mass of surfactant (mt = ma + mb) in the solution, and the
HLB values of the emulsifiers used (HLBa and HLBb) were
taken into account, employing theformula:HLBf =
(HLBa .ma) + ((HLBb .mb))/ (ma + mb).
Subsequently, the AP was added to the OP with constant
stirring using a vortex apparatus, to obtain a nanostructured
colloidal system (NCS), that exhibited slightly blue reflection
due to the Tyndall effect. The most stable NCS were
identified using a Litezer 500 instrument to evaluate dynamic
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light scattering (DLS) and zeta potential. The nanostructures
of the essential oils were diluted from 5 % to 1 % using ultra-
pure water at a temperature of 25 °C.

Seed treatments

The creole seeds of the bean (Phaseolus vulgaris L.) and of the
maize (Zea mays L.) were obtained from the germplasm bank
of the Federal Institute of Espirito Santo, Campus of Santa
Teresa, ES. The seeds were then immersed for 15 minutes in
three different treatments: T1) 5.0 mg/mL ethanolic extract
(EEtOH) of O. gratissimum leaves, T2) 5.0 mg/mL
dichloromethane extract (FDCM) of O. gratissimum, and T3)
5% eugenol nanoemulsion (ENE). The commercial fungicide
Methyl thiophanate (MT) was used as a positive control at a
concentration of 0.8 mg/mL. Distilled water was used as a
negative control for seed immersion. Seeds were naturally
dried on plastic trays for 24 hours after treatment. To
simulate storage practices in agroecological systems, the
seeds were then transferred to hermetically sealed plastic
containers and stored for 60 days at ambient conditions. The
seeds were evaluated on two occasions: immediately after
the treatments were applied and after the 60 days of storage.
Analysis of creole seeds vigor

The seed vigor test was performed using filter paper as a
substrate. Four replicates of 25 seeds were distributed in Petri
dishes on three sheets of filter paper moistened with distilled
water. The Petri dishes were kept in a B.O.D. (Biological
Oxygen Demand) incubator at a temperature of 25°C under a
lighting regime with a 12-hour photoperiod. After 24 hours,
the seeds were frozen for 24 hours and then returned to the
incubator for 10 days. The fungi were identified, and the
damaged seeds were counted under a stereoscopic
microscope (Neergaard, 1977). The result was expressed as a
percentage of infested seeds, by the recommendations of the
seed analysis rules (Brasil, 2009b).

Physiological Quality of seeds

The water content of the seeds was assessed before and after
storage, according to the regulations for the analysis of seeds
(Brasil, 2009a). The seeds were subjected to the oven method
at 105 + 3 °C for 24 h, with two replicates of 25 seeds. The
result was expressed as a percentage (%) of water content
(ratio between the weight of water in the seed and the total
seed mass).

The germination test was carried out according to the rules
for seed analysis (Brasil, 2009a). A total of four replicates
were used, each containing 25 seeds, which were placed on
two sheets of germination paper and covered with an
additional sheet, forming rolls that were moistened with
distilled water at a ratio of 2.5 parts of water to one part of
the weight of the paper. These rolls were then placed in
polyethylene bags and stored in a B.O.D. at 25°C under a 12-
hour light-12-hour dark cycle. Seedlings were evaluated daily
after test establishment and results were expressed as
percent germination (%G).

The first count of the germination test (FCG) was carried out
simultaneously with the germination test. In this test, the
seedlings were counted on the fifth day (beans) and the
fourth day (maize) after seeding, and the results were
expressed as a percentage (Brasil, 2009a)

The Germination Speed Index (GSI) was evaluated daily
during the germination test, starting from the day when the
first seeds emitted a radicle until the last day counted,
according to the Rules for Seed Analysis (BRASIL, 2009a). For
the calculation, the formula proposed by (Maguire, 1962) was
used.

GSI =%+%+ +:—§Where GSI is the germination
speed index, while G1 to Gi is the number of seedlings that
have germinated each day, and T1 to Ti is the time in days.



Seedling emergence was performed with four replicates of 25
seeds per replicate, sown individually in cells with "sand"
substrate and placed in polystyrene containers in the
germination chamber. The assessment was made 12 days
after seeding to determine the percentage of emerged
seedlings (%E).
The Seedling Emergence Index (SEl), according to the
protocol established by the Rules for Seed Analysis (Brasil,
2009a), was determined along with the seedling emergence
evaluation, recording the number of seedlings daily from the
first to the tenth day. The value of the SEI was calculated
according to the formula of (Maguire, 1962).SEl = % + % +

Ei

L

SEI = Seedling Emergence Index; E1 to Ei is the number of
emergences for each day, and T1 to Ti is the time in days.

Statistical analysis

The study used a fully randomized experimental design
consisting of a 5x2 factorial with five products and two
storage periods. The data were analyzed using analysis of
variance, with the product x storage period interaction split
when significant. The Tukey test at 5% significance level (p <
0.05) was then used to compare means. In cases where the
interaction was not significant, a single-factor analysis was
carried out.

Conclusion

Overall, the results suggest that due to the presence of
eugenol and other fungicidal components in the extract
composition, EEtOH treatment from O. gratissimum could be
a viable alternative for protecting creole seeds from fungi
during storage while maintaining their germination ability.
This extract has the potential to be a biodegradable solution
for the resistance of pathogens in the organic farming
system. However, it is necessary to carry out additional
research to analyze the nanoemulsions of the extract and the
extracts of O. gratissimum that can optimize and extend the
bioactivity of the product.
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