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Essential oils on germination,
physiological quality, and
enzymatic activity of bean seeds

Abstract — The objective of this study was to evaluate the effects of essential
oils from Thymus vulgaris (thyme) and Cymbopogon citratus (cymb oil) on the
germination, physiological quality and enzymatic activities of common bean
seeds. The oils were tested at different concentrations (0, 1, 3, and 5 mL kg™!),
and effects were assessed through germination, and seedling emergence tests.
In addition, the levels of chlorophylls, carotenoids, phenolic compounds, and
activities of esterase and acid phosphatase enzymes were evaluated. Cymb
oil inhibited germination at higher concentrations, with a germination rate
of 66% at 5 mL kg, whereas thyme oil, at the highest dose, reduced root
dry mass (0.12 g per seedling). At lower concentrations, thyme oil promoted
higher chlorophyll contents than cymb oil. Furthermore, enzymatic analysis
indicated an increase in acid phosphatase and esterase activities in seeds
treated with cymb oil, suggesting distinct physiological responses. Overall,
thyme oil at 1 mL kg improved seedling growth and pigment contents, while
higher doses impaired seed performance. In contrast, cymb oil at 1-3 mL kg™!
enhanced shoot length, root dry mass, and enzymatic activities, but inhibited
germination at 5 mL kg™

Index terms: Cymbopogon citratus, Phaseolus vulgaris, Thymus vulgaris,
enzymes, seed quality, vigor.

Oleos essenciais na germinagio,
qualidade fisiologica e atividade
enzimatica de sementes de feijao

Resumo — O objetivo deste trabalho foi avaliar os efeitos dos 6leos essenciais
de Thymus vulgaris (tomilho) e Cymbopogon citratus (capim-limao) na
germinagdo, qualidade fisiologica e atividade enzimatica de sementes
de feijdo. Os dleos foram testados em diferentes concentragdes (0, 1, 3 e
5 mL kg') e analisados pelos testes de germinagdo e emergéncia. Além disso,
os teores de clorofilas, carotenoides, compostos fendlicos e a atividade das
enzimas esterase e fosfatase acida foram avaliados. O 6leo de capim-limao
inibiu a germinagdo em altas concentragdes, com uma taxa de 66% na dose
de 5 mL kg, enquanto o 6leo de tomilho, na maior concentragdo, reduziu a
massa seca daraiz (0,12 g por plantula). Em concentragdes mais baixas, o 6leo
de tomilho favoreceu maiores teores de clorofilas em comparacdo ao capim-
limdo. A andlise enzimatica revelou que o 6leo de capim-limdo aumentou
a atividade de fosfatase acida e esterase, indicando respostas fisiologicas
distintas. O 6leo de tomilho, nas doses de 1 mL kg, melhorou o crescimento
das plantulas e os teores de pigmentos, enquanto doses mais altas prejudicaram
o desempenho das sementes. Em contraste, o 6leo de capim-limao, nas doses
de 1-3 mL kg'!, aumentou o comprimento da parte aérea, a massa seca da raiz
e as atividades enzimaticas, mas inibiu a germina¢ao na dose de 5 mL kg™

Termos para indexacdo: Cymbopogon citratus, Phaseolus vulgaris, Thymus
vulgaris, enzimas, qualidade de semente, vigor.
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Introduction

In recent years, research on natural alternatives
to enhance seed physiological quality has gained
increasing attention. A promising approach involves
the use of essential oils, which have bioactive properties
that can promote germination and enhance resistance
to both biotic and abiotic stresses (Ben-Jabeur et al.,
2019; Zheljazkov et al., 2021; Paul et al., 2022).
Essential oils contain a diverse array of secondary
metabolites with pesticidal potential and the ability to
modulate physiological processes in seeds, depending
on the species and concentration applied (Ben-Jabeur
et al., 2019; Nikolova et al., 2025).

Among essential oils with potential applications
in agriculture, species from the genera Thymus
and Cymbopogon stand out for their plant growth-
regulating effects, as well as their antimicrobial and
allelopathic properties (Sunmonu et al., 2018; Ben-
Jabeur et al., 2019; Oladeji et al., 2019; Khasanah et al.,
2025). Thyme oil (Thymus vulgaris L.), which is rich in
thymol, exhibits beneficial properties and low toxicity
(Escobar et al., 2020; Niksic et al., 2021). In contrast,
Cymbopogon citratus (DC.) Stapf, commonly
known as lemongrass, contains citral and geraniol
(Cherif et al., 2025; Khasanah et al., 2025). These
oils can influence biochemical processes in seeds by
modulating enzymatic activity and photosynthetic
pigment content, as well as affecting seed germination
and emergence (Sunmonu et al., 2018; Ben-Jabeur
et al., 2019). The magnitude of these effects, however,
depends on the concentration applied and the seed’s
sensitivity to the treatment.

Seed germination is a complex process, influenced
by both internal and external factors, which affect the
mobilization of reserves and the activation of essential
enzymes required for the initial growth of seedlings
(Carrera-Castafio et al., 2020). Acid phosphatases,
mainly phytases, and esterases are enzymes frequently
associated with nutrient mobilization and energy
metabolism during seed germination (Aparato &
Suh, 2022; Bhadouria & Giri, 2022; Shen et al., 2022;
Sommer et al., 2024). The modulation of these enzymes
by bioactive compounds can provide insights into the
physiological and biochemical processes involved in
seed responses to priming with essential oils.

In addition to enzymatic activities, photosynthetic
pigments play a crucial role in seedling establishment,
influencing the plant’s capacity to convert light energy
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into carbohydrates. The regulation of chlorophyll and
carotenoids can be influenced by various factors,
including certain essential oils, which can modulate
their synthesis or degradation (Ben-Jabeur et al., 2019;
Oguzetal., 2023), thereby affecting plant development.

In this context, the application of essential oils to
seeds can influence key physiological processes.
Common bean (Phaseolus vulgaris L.) is an important
crop of high agronomic and nutritional value, but it
is highly sensitive to environmental stresses, pests,
and pathogens. This sensitivity makes bean seeds
particularly suitable for evaluating the potential
phytotoxic or stimulatory effects of essential oils.
Furthermore, compared with other crops, there are
still relatively few studies addressing the biochemical
and physiological responses of bean seeds to essential
oil treatments.

The objective of this work was to evaluate the
effects of essential oils from Thymus vulgaris and
Cymbopogon citratus on the physiological quality
and enzymatic activities of common bean (Phaseolus
vulgaris) seeds.

Materials and Methods

Seeds of the common bean (P. vulgaris) ‘Esplendor’
were treated with essential oils from cymb (C. citratus)
and thyme (7. vulgaris) at concentrations of 0, 1, 3, and
S mL kg of seeds.

The plants used for essential oil extraction were
cultivated in the municipality of Chapeco, state
of Santa Catarina, Brazil. After harvest, the plant
material was dried in a forced-air oven at 45°C, and
the essential oils were extracted by hydrodistillation
using a Clevenger-type apparatus, as described
by Santos et al. (2004). The identification of the
chemical components present in the oil was carried
out by gas chromatography (GC) using a GC-FID
6890N system (Agilent Technologies, Santa Clara,
CA, USA), equipped with a DB-5 capillary column
(30 m x 0.32 mm; 0.50 mm) and connected to a flame
ionization detector (FID). For gas chromatography-
mass spectrometry (GC-MS) analyses, an AutoSystem
XL GC-MS system (Agilent Technologies) was used,
operating in electron ionization (EI) mode at 70 eV and
equipped with a split/splitless injector set at 220°C.
The relative amounts of individual components were
calculated based on peak areas obtained from GC
analyses (Boligon et al., 2013).
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After oil extraction, the bean seeds were treated
with the essential oils at concentrations of 0, 1, 3, and
5 mL kg! of seeds for 24 hours at room temperature
before the germination test, using four replicates of
50 seeds each.

The germination test was conducted with three
sheets of Germitest paper. The samples were
maintained in a BOD-type germination chamber at
a constant temperature of 25°C. Germination was
assessed seven days after sowing, and the results
were expressed as the percentage of normal seedlings
(Brasil, 2009). Afterwards, seedlings’ shoots and roots
were obtained from the germination test nine days
after sowing, using four replicates of ten seedlings. For
dry mass determination, the seedlings were placed in
brown paper envelopes and dried in a forced-air oven
at 70°C for 72 hours.

Inthe emergence test, samples of 50 seeds, previously
kept in contact with the different concentrations
of essential oils, were sown in polyethylene trays
containing Planosol soil as substrate and maintained
in a greenhouse. After sowing, the soil was moistened
and remoistened whenever necessary. Seedling
emergence was evaluated on the 21st day after sowing,
and the results were expressed as the percentage of
normal seedlings.

The determination of photosynthetic pigments was
performed on fully expanded young leaves following
the method proposed by Wellburn (1994). The leaves
were collected at the V1 stage and immediately placed
inanice bath inside a polypropylene container. Initially,
leaves were cut into small segments, discarding the
central vein, and four replications of 0.02 g from
each sample were weighed and placed into a test
tube containing 7 mL of dimethyl sulfoxide (DMSO)
neutralized with 5% calcium carbonate. The tubes
were then incubated in a water bath at 65°C for 1 hour
in the absence of light. After incubation, the tubes were
cooled in the dark until they reached room temperature,
and absorbance readings were taken at 480 nm,
649 nm, and 665 nm using a spectrophotometer (model
SP-22, Biospectro, Curitiba, PR, Brazil). Chlorophyll
a, chlorophyll b, total chlorophyll, and carotenoid
contents were calculated using the following equations:

Chlorophyll a = (12.47 x A665) - (3.62 x A649)

Chlorophyll 5 = (25.06 x A649) - (6.50 X A665)

Total chlorophyll = chlorophyll a + chlorophyll »

Carotenoids = [(1,000 x A480) - (1.29 x chlorophyll
a) - (53.78 x chlorophyll b)] / 220
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The results were expressed in mg g' fresh mass
(FM).

The extraction of phenolic compounds was
performed following the method described by Bieleski
& Turner (1966). Quantification was conducted using
aliquots of the aqueous extract, to which 500 uL of 1 N
Folin-Ciocalteu reagent was added, followed by vortex
agitation. After 15 minutes at room temperature, 5 mL
of 0.1 N alkaline reagent (a solution of sodium carbonate
and sodium hydroxide) was added and vortexed again.
After 60 minutes at room temperature, absorbance
readings of the samples and phenolic acid standards
(0200 ng) were obtained using a spectrophotometer
at 760 nm. The results were expressed in pg g fresh
mass (FM).

The expression of the isoenzymes esterase and acid
phosphatase wasassessed using vertical polyacrylamide
gel electrophoresis. For this purpose, the seedlings were
individually macerated in a porcelain mortar in an ice
bath. Subsequently, four replications of 200 mg from
each sample were transferred to microcentrifuge tubes
and mixed with an extraction solution (0.2 M lithium
borate at pH 8.3 + 0.2 M Tris-citrate at pH 8.3 + 0.15%
2-mercaptoethanol) at a 1:2 (w/v) ratio, following the
methodology described by Malone et al. (2007).

Electrophoresis was performed on 7% polyacry-
lamide gels, with 20 pL of each sample applied based
on prior testing. The gels were placed in vertical
electrophoretic chambers (Bio-Rad PowerPac Basic,
Hercules, CA, USA) maintained in a cold chamber
at a temperature between 4 and 6°C. Electrophoretic
migration was carried out with a voltage gradient of
10 V cm™ until the bromophenol blue front reached
9 cm from the application point. The staining systems
used were those described by Scandalios (1969) and
Alfenas (1998). Interpretation of the results was based
on the visual analysis of the electrophoresis gels,
considering the presence or absence of bands, and on
the quantification of the bands performed using the
Gel-Pro Analyzer 3.1 software (Media Cybernetics,
Rockville, MD, USA).

The experimental design was completely
randomized, following a 2 x 4 factorial scheme (two
essential oils and four doses) with four replicates each.
Initially, the data were subjected to a residual normality
test using the Shapiro-Wilk’s test. The variables were
then subjected to analysis of variance (ANOVA), and
when significant effects were detected, polynomial
regression analyses were performed to evaluate the
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relationship between the variables and the essential oil
concentrations.

In addition, partial least squares regression (PLS-R)
was performedto evaluate the multivariate relationships
between biochemical markers and physiological seed
performance. For this analysis, the predictor variables
were standardized, while the response variables were
kept on their original scale. The model was validated
by cross-validation, and its performance was assessed
based on the variance explained, root mean square
error of prediction (RMSEP), variable importance in
projection (VIP) scores, and graphical representation
by biplots of scores and loadings. Statistical analyses
were performed in the R software (R Core Team, 2024),
using the pls package (Mevik & Wehrens, 2007).

Results and Discussion

In the essential oil of cymb, the major components
identified were (-)-B-pinene, linalool, (S)-cis-
verbenol, cis-verbenol, B-citral, geraniol, a-citral,
3,7-nonadien-2-one, and 4,8-dimethyl-7-methyl-Z-
tetradecen-1-ol acetate, accounting for 96.63% of the
total oil composition. Among these, citral was the
predominant component, representing 79.61% of the
total, divided into two isomers: B-citral (42.47%) and
a-citral (37.14%). In the essential oil of thyme, the
main constituents were thymol (60.45%), p-cymene
(19.58%), y-terpinene (4.12%), carvacrol (3.08%), and
B-caryophyllene (2.40%). The high citral content in
cymb oil is noteworthy, as citral is recognized for
its strong allelopathic and phytotoxic effects, which
can inhibit seed germination and alter metabolic
processes (Grana et al., 2013). In contrast, the
predominance of thymol in thyme oil is associated
with lower phytotoxicity and potential protective
effects on seeds (Ben-Jabeur et al., 2019; Dobreva
et al., 2024).

The essential oil of thyme did not affect seed
germination at any tested concentration. In contrast,
the application of cymb essential oil at 5 mL kg
resulted in lower germination (66%) (Figure 1 A).
Similar results were observed for the first germination
count for both essential oils (Figure 1 B). Regarding
seedling emergence, the control treatment (0 mL kg™)
exhibited the highest emergence (83%). In contrast,
for cymb, the highest emergence was observed at
I mL kg and 5 mL kg (Figure 1 C).

B.S. Barbosa et al.

The essential oils of cymb exhibited interactions
that affected the germination of bean seeds, reflecting
the allelopathic potential of these compounds on the
physiological responses of seedlings depending on
the tested doses. In contrast, thyme oil did not affect
germination or the first count at any of the tested
concentrations. This suggests that thyme oil has a less
phytotoxic composition at moderate doses. A study
by Dobreva et al. (2024) found that thymol, the main
component of thyme, has less pronounced inhibitory
effects compared to the compounds present in cymb.

In the analysis of shoot length and root dry mass,
treatment with thyme essential oil resulted in higher
values at 1 mL kg' than at 5 mL kg' (Figure 1 D)
for shoot length, and lower values for root dry mass
at 5 mL kg' (Figure 1 E). This suggests that thyme
essential oil may have a dose-dependent effect on
seedling growth, where lower concentrations promote
shoot elongation and root biomass accumulation. At
the dose of 5 mL kg of thyme, a decrease in root
dry mass may indicate a potential phytotoxic effect,
likely caused by an excessive accumulation of certain
compounds, which can interfere with metabolic
pathways related to root development. This response
is likely associated with the high thymol content in
thyme oil, which can act as a biostimulant at low
doses, and increased root and shoot development,
chlorophylls, nitrogen balance index, abscisic acid,
anthocyanins and flavonoids in leaves, as reported
in wheat seeds (Ben-Jabeur et al., 2019). Therefore,
the chemical composition of thyme oil is crucial in
determining its impact on seed physiological quality,
highlighting the importance of optimizing application
rates to maximize benefits and minimize adverse
effects on seedling development.

Regarding the analysis of pigments extracted from
the seedlings, plants treated with thyme oil exhibited
higher levels of chlorophyll a and of total chlorophyll
at doses of 0, 1, and 3 mL kg (Figure 2). However, at
5 mL kg, a reduction was observed for chlorophyll «,
reaching 0.73 mg g' FM (Figure 2 A). The reduction in
chlorophyll levels caused by thyme oil may compromise
photosynthetic efficiency, leading to lower root dry
mass production (Figure 1 E). This effect may be
associated with changes in gene expression within the
chlorophyll biosynthesis pathway, resulting in reduced
enzymatic activity, as previously reported for other
factors (Li et al., 2024).
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In the leaves, the highest phenolic concentration
was observed at the 0 mL kg concentration, reaching
0.57 mg g!' FM (Figure 3 A). A more pronounced
reduction was observed in cymb oil at 5 mL kg™, where
phenolic content dropped to 0.13 mg g' FM. Similarly,
in the roots, the 0 mL kg dose resulted in the highest
concentration, reaching 0.28 mg g"' FM (Figure 3 B).

The reduction in total phenol levels in the leaves
and roots caused by thyme oil may be related to the
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inhibition of biosynthetic pathways, such as the
shikimic acid and acetate-malonate pathways, due to
the interaction of its bioactive compounds with key
enzymes, such as phenylalanine ammonia-lyase and
chalcone synthase (Cheynier et al., 2013; Zagoskina
et al., 2023). Furthermore, at higher concentrations,
essential oils are likely to suppress phenolic compound
synthesis by reducing the activity of biosynthetic
enzymes like phenylalanine ammonia-lyase, while

100 4 B
< 804 P
=] S
3
3
= 60 1
2
E
é 40 @ Thyme: y = 0.446x" - 2.3128x + 75.698
5 R’=0.9058
0
2 0 Cymb: y =-1.1407% + 3.3015x + 75.553
£ 201 R’ = 0.9042
0 T T T T .
0 1 2 3 4 5

Concentration (mL kg™)

Shoot length (cm/seedling)

8 # Thyme: y = -0.0406x’ - 0.3929x + 13.872
6 R*=0.6607
4 Cymb: y =-0.3387x" + 1.7259x + 10.036
R’=10.9287
2
0+ T T T T !
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Figure 1. Germination (A), first germination count (B), seedling emergence (C), shoot length (D), and root dry mass (E) of
bean (Phaseolus vulgaris) seeds treated with 0, 1, 3, and 5 mL kg of the thyme (Thymus vulgaris) and cymb (Cymbopogon

citratus) essential oils.
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simultaneously increasing the activity of other
enzymes, such as acid phosphatases (Figure 4 A).

In agreement with these results, other studies
highlight that phenolic compounds play a crucial
role as natural stress alleviators, acting not only as
direct antioxidants but also as modulators of signaling
pathways that regulate plant defense responses (Saini
et al., 2024). Thus, their reduction may weaken both
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antioxidant capacity and stress signaling, making
seedlings more vulnerable to oxidative damage. This
could explain the trade-off observed between decreased
phenolic content (Figure 3) and increased phosphatase
activity (Figure 4 A), as plants may reallocate metabolic
resources to enzymatic mechanisms to sustain
essential functions. Similar effects have been reported
in wheat, where essential oils acted as metabolic
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Figure 2. Chlorophyll a (A), chlorophyll 5 (B), total chlorophyll (C), and carotenoids (D) in seedlings at the end of the
germination test of bean (Phaseolus vulgaris) seeds treated with 0, 1, 3, and 5 mL kg of the thyme (Thymus vulgaris) and

cymb (Cymbopogon citratus) essential oils.
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Figure 3. Phenolic content in leaves (A) and roots (B) of seedlings at the end of the germination test of bean (Phaseolus vulgaris)
seeds treated with 0, 1, 3, and 5 mL kg of the thyme (Thymus vulgaris) and cymb (Cymbopogon citratus) essential oils.
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disruptors, suppressing phenylpropanoid biosynthesis
while enhancing enzymatic responses linked to stress
adaptation (Ben-Jabeur et al., 2019).

The analysis of electrophoresis gels revealed
that treatments with cymb and thyme essential oils
induced significant alterations in the enzymatic
activity patterns of acid phosphatase and esterase in
seeds. Overall, the treatment with 1 mL kg' of cymb
resulted in more intense bands for acid phosphatase
and esterase, whereas thyme oil showed more intense
bands at concentrations of 3 and 5 mL kg (Figure 4).

For acid phosphatase, the use of cymb oil resulted
in two bands with approximate molecular weights of
0.94 and 0.6 mol w'. In contrast, thyme oil exhibited
molecular weights ranging from 0.41 to 0.95 mol w’',
but only when seeds were treated with doses of 3 and
SmL kg (Figure 5 A).

Esterases could be modulated through direct
interactions with the lipophilic components of the
oils, which may alter cellular metabolism and redirect

mL kg’

Cymb Thyme

mL kg

Cymb

Thyme

Figure 4. Activity of phosphatase (A) and esterase (B) in
bean (Phaseolus vulgaris) seedlings treated with 0, 1, 3,
and 5 mL kg' of the thyme (Thymus vulgaris) and cymb
(Cymbopogon citratus) essential oils.
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metabolic resources toward defense or adaptation
mechanisms (Shen et al., 2022). In seeds, esterases
play a central role in lipid reserve mobilization by
hydrolyzing ester bonds, while acid phosphatases
are involved in the hydrolysis of organic phosphate
esters, releasing inorganic phosphate essential for
energy metabolism and nucleic acid synthesis during
germination (Prazeres et al., 2004; Sharma et al.,
2023). In this study, cymb oil promoted more intense
acid phosphatase and esterase bands, particularly
at 1 mL kg', suggesting an upregulation of these
enzymes associated with reserve mobilization and
early metabolic processes required for seedling
establishment.

In the PLS-R analysis, the first two components
explained 81.3% of the total variation, separating
the treatments with cymb and thyme essential oils
(Figure 6). To refine the model, variables with low
contribution (VIP<1),including pigments (chlorophylls
and carotenoids), were excluded, and the analysis
was focused on phenolic compounds and enzymatic
activity. Cymb treatments clustered in association
with esterase and acid phosphatase, consistent with the
biochemical assay that revealed stronger enzymatic
activity, particularly at 1 mL kg', corroborating
previous results where all cymb treatments exhibited
molecular weights, with greater enzyme intensity at
I mL kg' (Figure 5). In contrast, thyme treatments
were more related to phenolic accumulation in leaves
and roots, reflecting their role in maintaining seedling
vigor and growth parameters.

Thus, thyme and cymb essential oils have different
influences on seed germination and metabolic
responses, likely due to their distinct chemical
compositions. While thyme oil did not impair
germination, its higher concentration was associated
with reductions in shoot length, root dry mass and
chlorophyll content, indicating a possible interference
with pigment biosynthesis and energy allocation.
In contrast, cymb oil, particularly at 5 mL kg*,
significantly inhibited germination, likely due to the
high citral content, which is known for its allelopathic
effects (Grana et al., 2013). The reduction in total
phenolic compounds observed in both oils suggests
a suppression of biosynthetic pathways, which
could influence the antioxidant system and plant
metabolism. Additionally, the increased phosphatase
and esterase activities indicate alterations in nutrient
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mobilization and metabolic regulation, particularly in
response to cymb oil. This highlights the importance of
precisely adjusting essential oil concentrations in seed
treatments to maximize benefits while minimizing
potential negative effects.

Conclusions

1. Essential oils from thyme (Thymus vulgaris) and
cymb (Cymbopogon citratus) exert distinct and dose-
dependent effects on the physiological quality and
enzymatic activity of common bean seeds.

2. Thyme oil at | mL kg enhances seedling growth
and pigment contents, whereas higher doses (5 mL kg™)
reduce seed performance.

3.Cymb oil at 1 and 3 mL kg' enhances shoot
length and root dry mass, associated with increased
chlorophyll a and b, phenolic compounds, and higher
phosphatase and esterase activities. However, at
5 mL kg, cymb oil inhibits germination.
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