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Exogenously applied growth regulators affect the growth, phenols,
protein and essential oil composition Melissa officinalis’
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ABSTRACT - Different growth regulators have been applied to several medicinal plant species to help increasing secondary metabolites’
production in them. The aim of the current study is to analyze the effect of growth regulators’ application, at different concentrations; on
Melissa officinalis dry weight production, total phenol and soluble protein contents, and essential oil content and chemical composition.
The study has followed a completely randomized design, at 3 x 3 + 1 factorial arrangement, which comprised three growth regulators
[naphthalene acetic acid (NAA), benzylaminopurine (BAP) and gibberellic acid (GA,)] at three different concentrations (25, 50 and 100 mg L),
as well as the additional treatment (control), with 4 replications. Growth regulators applied at different concentrations have significantly
influenced Melissa officinalis growth. GA| and NAA regulators’ application at 100 mg L' has favored the shoot length and total leaf
area of the investigated species. BAP application on leaves, at the highest concentration, led to apical dominance loss; however,
the lowest concentration of it has favored soluble protein concentrations in the leaves. BAP application at 25 mg L has favored
protein concentrations in the leaves. The highest total phenol contents were observed in plants sprayed with increasing GA, and BAP
doses; they did not differ from the control treatment, only. Essential oil compounds varied depending on the adopted growth
regulator type and concentration. GA, application at the lowest dose (25 mg L") resulted in citral content increase by 18% and

in citronellal compound content gain ranging from 8% to 10%.

Key words: Lemon balm. Volatile compounds. Citral.

DOI: 10.5935/1806-6690.20250050
Editor-in-Chief: Agricultural Engineer. Manoel Barbosa Filho - manoel.filho@ufc.br
*Author for correspondence
Received for publication 10/07/2023; approved on 10/12/2024
'Thesis
“Departamento..., Universidade Federal de Lavras (UFLA), Lavras-MG, paula.amedeiros@hotmail.com (ORCID ID 0000-0002-2886-296X),
jeremias]2agro@gmail.com (ORCID ID 0000-0003-2178-2972), rafamarlon7@gmail.com (ORCID ID 0000-0002-8978-2867), jjoaomiranda7(@gmail.com
(ORCID ID 0000-0003-2699-4931), suzan@ufla.br (ORCID ID 0000-0001-8796-7043), jeduardo@ufla.br (ORCID ID 0000-0002-1141-7907)



A. P. R. Medeiros et al.

INTRODUCTION

Aromatic plant species Melissa officinalis L.
(Lamiaceae) is originally distributed in European and
Asian countries, but it can be easily grown in temperate
climate regions, such as in Southern and Southeastern Brazil.
Its propagation can take place via seed, clump division or
even cutting, which is the most used propagation method
(Winiarczyk et al., 2016).

This species’ economic importance is associated
with the biological and pharmaceutical activities of the
essential oil extracted from its leaves, since it comprises
several constituents, such as citronellal and citral, which
often appear as its major components (Pirbalouti et al., 2019).
This oil is of great interest to many industries, since it
can be used to produce teas, condiments, flavorings,
cosmetics and pharmaceuticals, given its antioxidant,
anti-inflammatory, antibacterial and anxiolytic properties
(Chien et al., 2019; Schnitzler, 2019).

Citronellal and citral (neral + geranial) presence as
major elements in the chemical composition of M. officinalis’
essential oil is the aspect mostly valued by different industries,
mainly by pharmaceutical companies focused on vitamin
A synthesis. Citronellal - which belongs to the group of
monoterpenes - presents nematicidal and fungicidal activity
(Aratjo-Filho et al., 2019; Medeiros et al., 2017).
Citral, in its turn, is a monoterpenoid aldehyde deriving
from the neral/geranial mix; it is widely used in food
and cosmetics industries due to its antibacterial,
antiviral and effective antioxidant effects against some
stressors (Long et al., 2019; Schnitzler, 2019).

Continuous supply of high-quality essential
oils is essential at the time to meet market demands for
pharmaceutical, food and cosmetic products. Plant growth
regulators, which can have positive or negative effects on
dry matter production, and on the chemical and productive
features of the essential oil extracted from aromatic plants, are
among several factors capable of affecting essential oil quality
and quantity (Opabode; Raji, 2019; Suchiro ef al., 2019).

Some studies have shown that plant regulators,
such as auxins, cytokinins and gibberellins, have been
commercially used depending on producers’ economic
goals, whether to dry matter production purposes or to
improve secondary metabolites’ quality and yield (Akbari
et al., 2018; Opabode; Raji, 2019; Yuan et al., 2019).
Plant growth regulator ‘gibberellic acid’ (GA3) helped
increasing the yield of essential oil extracted from Salvia
officinalis L. plants, unlike what was observed after
benzylaminopurine (BAP) application, which decreased
the values recorded for this variable (Povh; Ono, 2006).
Studies have shown that naphthalene acetic acid (NAA)
regulator externally applied on plants has positively
affected shoot growth, root system and plant yield, as well

as improved the absorption of nutrients, such as calcium
(Abbasi et al., 2013; Rostami; Movahedi, 2016). Plant
growth regulators’ nano form can be used to enhance both
the production and the yield of essential oil extracted from
Ocimum tenuiflorum L. plants (Khan ef al, 2023).

The application of growth regulators in plants can
have various advantages and disadvantages, depending
on the objective and cultivation conditions. Growth
regulators can enhance plant growth and development,
increase the synthesis of secondary metabolites, boost
productivity, control physiological processes, and improve
stress resistance. However, there are some disadvantages,
such as high costs for large areas, undesirable effects from
improper dosages, and dependence on environmental
conditions. Therefore, the use of growth regulators needs
to be carefully planned to maximize benefits and minimize
risks and negative impacts. By keeping this information in
mind, we herein hypothesized that PGR solutions applied
to plant leaves would help inproving Melissa officinalis
growth, total phenols, soluble proteins and essential oil’s
content and chemical composition. A pot experiment
carried out with Melissa officinalis was conducted to test
this hypothesis.

MATERIAL AND METHODS

Study site and seedling production

The experiment was carried out in greenhouse
located at the following geographic coordinates: 21° 14’S and
45° 00W, at 918-m altitude. Melissa officinalis L. seedlings
were obtained from 7-cm apical cuttings removed from
plants and grown in 128-cell Styrofoam trays covered with
commercial substrate (Tropstrato HA), under irrigation,
for 15 days. A voucher specimen was properly prepared
and deposited in the ESAL Herbarium of the Biology
Department at UFLA, under registry n. 22155.

Each plot comprised 4 pots (10-L capacity) filled
with Dystrophic Red Latosol/sand mix, at 2:1 ratio, which
was added with 450 g of cattle manure (per pot). Seedlings
presenting 3 to 4 pairs of leaves, approximately 10 cm long,
were transplanted to these pots. The adopted substrate
presented the following features: 191.84 K* (mg dm?),
27.05 P (mg dm?), 2.11 Ca™? (cmolc dm?), 0.77 Mg™, 0.05A17
(cmolc dm?), 0.81 H+AI*, 7.6 pH, 3.37 base saturation
(BS) (cmolc dm?), 3.42t (cmolc dm?), 4.18T (cmolc dm?),
80.67 V (%), 1.46 m (%), 2.67 organic matter (OM)
(dag Kg') and 30.76 remaining phosphorus (P-Rem)
(mg L).

Experimental design and conduction

The current study has followed a completely
randomized experimental design, at 3x3 +1 factorial
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arrangement with additional treatment and four
repetitions; each repetition comprised four plants. The
investigated factors were growth regulator types [GA3
(gibberellic acid), BAP (6-benzylaminopurine) and
NAA (naphthalene acetic acid)], concentration levels
(25, 50 and 100 mg L") and a control, which was used
as additional treatment (distilled water) - Tween 80
was added to all treatments. Three growth regulator
applications were carried out at 15-day intervals,
during the 90-day species cultivation cycle. The first
application was carried out 45 days after seedling
transplantation, whereas the other applications were
performed at 60 and 75 days. Treatments were applied
on plants’ leaves (200 mL) - with the aid of manual
sprayer - until reaching the suspension dripping point.

Plant growth, photosynthetic pigment, protein and
phenolic compound analysis

Vegetative growth

Plants’ shoot length (SL-cm) was assessed 90 days
after transplantation. Plants were packed in craft paper
and placed in drying oven, at 45 °C, for 72 h. Then, they
were weighed on analytical scale to find leaf (LDW), stem
(SDW) and root (RDW) dry weight; results were expressed
in grams. Total leaf areca (TLA) was calculated based on
using all leaves of the three plants from each treatment.
Integrator model 3100 LI was used for such a purpose
and results were expressed in square centimeters. Leaf
area ratio (LAR) was expressed as total leaf area (TLA)
per total dry weight (TDW). Specific leaf area (SLA) was
expressed as total leaf area (TLA) per leaf dry weight
(LDW). Specific leaf weight (SLW) was expressed as leaf
dry weight (LDW) per total leaf area (TLA). Leaf weight
ratio (LWR) was expressed as leaf dry weight (LDW) per
shoot dry weight (ShDW).

Photosynthetic pigments

Three completely expanded leaves were removed
from plant’s upper part, wrapped in aluminum foil
and stored in Styrofoam box filled with ice in order to
determine chlorophyll a, b, total (a + b) and carotenoids.
These pigments were quantified based on the method
developed by Hiscox and Israelstam (1979). In order to
do so, 50 mg of fresh leaves were taken to Falcon tubes
covered with aluminum foil and incubated with 10 mL
dimethyl sulfoxide (DMSO) - at the proportion of 5 g L"!
saturated with calcium carbonate (CaCO,) - in oven,
at 65 °C, for 48 h. After the solution was stirred for four
hours, filtered and centrifuged, three 3-mL aliquots of each
sample were transferred to a quartz cuvette. Photosynthetic
pigment values were determined based on absorbance
readings conducted at 480, 649 and 665 nm, in TECAN
INFINITY M200 PRO spectrophotometer operated by
the I-Control® data processing system (version 3.37).

Results were compared to saturated DMSO blank. After
this reading, pigment content (mg g"' Fresh weight - FW)
was quantified as follows: Chlorophyll a 649 = (12.47 x
A665) - (3.62 x A649); Chlorophyll » 665 = (25.06 x A649)
- (6.5 x A665); Carotenoids 480 = (1000 x A480 - 1.29 x
chlorophyll @ - 53.78 x chlorophyll 5)/220; Total chlorophyll
= Chlorophyll a + Chlorophyll b, wherein A= absorbance of
samples read at the corresponding wavelength.

Soluble proteins

Amount of 15 mg of leaves from each treatment
were sampled in triplicate; soluble protein content in them
was determined based on the methodology described by
Bradford (1976). Absorbance readings were performed
in TECAN INFINITY M200 PRO spectrophotometer
at 595 nm and compared to the standard curve of bovine
serum albumin (BSA) at final concentration of Spg plL.
The curve was adjusted through linear regression and resulted
in the following equation: y = 0.0034x +0.2701 (R*=0.9917),
which was used to determine leaf protein concentration.
Results were expressed as mg mL"! protein extract.

Total Phenols

Amount of 50 mg of pulverized dry leaves were
taken to a 2 mL microtube, extracted with 1 mL of
Ethanol 92.8° GL; the solution was vortexed and, then,
sonicated for 10 minutes. After this procedure was over,
the ethanolic extract was centrifuged at 12,000 rpm, for 15
minutes; the supernatant was removed and added to an
amber bottle labeled according to the corresponding
treatment sample. Another 1 mL was added to the
precipitate resulting from the ethanolic extract and
subjected to additional sonication and centrifugation cycle.
The resulting solution was diluted in ethanol 16 times.
Then, 50 pL of vegetable ethanolic solution were
added to microplates that, in their turn, were added
with 100 pL of 10% Folin-Ciocalteau reagent and 7%
sodium carbonate, 2 minutes later. Phenols were quantified
based on the spectrophotometric method by Folin-Ciocalteau
(Singleton; Orthofer; Lamuela-Raventos, 1999); gallic acid
was used as standard. The analysis was performed in
quintuplicate and results were expressed as mean +
standard deviation in mg of gallic acid equivalents
(GAE) per g of leaf dry weight.

Essential oil extraction, content and yield

The aliquot of 50 g of leaves dried in triplicate for
each treatment was added to 2 L distillation flask to obtain the
essential oil. The flask was added with 1,000 mL of distilled
water, and left to hydrodistill in Clevenger apparatus
for 1 h. The resulting hydrolate was subjected to
liquid-liquid partition in separating funnel, as well
as to three washes in dichloromethane (3 x 5 mL).
The organic phase was combined and treated with
anhydrous magnesium sulfate salt, for approximately 5 min,
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to enable moisture residues’ absorbance; subsequently, it
was filtered. The essential oil obtained after evaporation
of the dichloromethane solvent evaporation, at room
temperature, under gas exhaust hood, was collected in
hermetically closed amber bottles, labeled and previously
weighed on digital scale at 0.0001 g sensitivity; its mass
(in mg) was determined based on the difference observed
in the bottle’s weight, before and after the oil was added to it.

Essential oil content (mL100 g of dry weight)
was determined based on the following formula: EOC%
= (oil mass (g)/50 g) x 100), whereas essential oil yield
(g plant') was determined based on the formula: EOY
= (mass of oil (g)/50 g) x leaf dry weight /plant (g).
Flasks filled with essential oil were stored in freezer at -4 °C,
until chemical constituents’ analysis time.

Quantitative and qualitative analysis applied to
chemical constituents

Quantitative analyses of essential oils’ chemical
constituents were performed in triplicate. The
separation technique based on Gas Chromatography
(GC) with Flame Ionization detector (GC-FID) was put
in place in Agilent® 7890A equipment, operated with
MSD CHEM Station Ver. E.02.02.1431, equipped with
CombiPAL Autosampler System autosampler/injector
(CTC Analytic AG, Switzerland).

Ten (10) uL of Carvacrol stock solution was used as
internal standard added to the known essential oil masses,
which were diluted in 1 mL ethyl acetate, for sample
preparation purposes. Injection volume of 1.0 uL was used
in split mode at injection ratio of 50:1. Essential oils were
analyzed based on using HP-5MS column (30 m in
length x 250 pm in internal diameter x 0.25 pm in film
thickness - California, USA); helium gas was used to
drag the constituents at flow of 1.0 mL.min'. Both
the injector and detector temperatures were within the
range from 240 °C to 300 °C. Initial oven temperature
was 60 °C; temperature ramp of 3 °C min"' was applied
until it reached 240 °C; it was followed by temperature
ramp of 10 °C min™' until it reached 280 °C.

Qualitative analyses were based on the gas
chromatography-mass spectrometry (GC-MS) separation
technique; they were conducted in Agilent® 7890A
chromatograph coupled to Agilent® MSD 5975C mass
selective detector (Agilent Technologies, California, USA),
operated through electronic impact ionization at 70 eV, in
scan mode, at speed of 1.0 scan/s, with mass acquisition
ranging from 40 to 400 m/z.

Chemical constituents were identified by
comparing their retention rates to co-injection of standard
n-alkane solution (C8 - C20) and/or by comparing mass
spectra from the NIST/EPA/NHI library database to the
ones reported in the literature (Adams, 2017). Retention

indices described in the literature were consulted for
assignment purposess (Adams, 2017).

Statistical analysis

Collected data were subjected to analysis of
variance (ANOVA); means were compared to each
other through Scott-Knott test, at 5% probability of error,
in SISVAR® 5.0 statistical software (Ferreira, 2019).

RESULTS AND DISCUSSION

Vegetative growth

There was significant interaction between
growth regulator types and concentration factors in dry
weight production (Table 1). The lowest dry weight
production recorded for M. officinalis plants was
observed after NAA application. All dry weight values
decreased following the application of the highest
BAP doses; however, the dry weight observed with
this regulator was higher than that recorded after NAA
application. GA, application, at the highest concentrations,
increased stem dry weight from 11.67 to 14.84 g plant’;
consequently, it increased shoot dry weight. Based on
Figure 1, it is possible seeing increased shoot and younger
branches’ growth after GA, application.

Growth regulator cytokinin applied at adequate
doses stimulates lateral shoot growth (Akbari et al., 2018).
This factor stimulates greater leaf yield, since this hormone
breaks apical dominance and promotes axillary buds’
growth in several species. This phenomenon can also be
promoted by gibberellin. The stimulation of lateral shoots
in M. officinalis was more observed after gibberellin
(GA,) application than after cytokinin (BAP) application.
In addition, cytokinin also accounts for regulating root
growth; it presents concentration-dependent effect, since
high doses of this hormone inhibit root growth in some
species by stimulating ethylene biosynthesis, which,
in its turn, reduces root meristem size and cell length
(Zou et al., 2018). The lowest M. officinalis root dry
weight (7.91 g plant!) and, consequently, the lowest
root-to-shoot ratio (R: ShDW 0.29), were observed
after gibberellin application at the highest dose.

There was interactive effect between growth
regulator and concentration on M. officinalis shoot
length, total leaf area and leaf area ratio (LAR). The
application of 100 mg L' of GA, was the most effective
in stimutaling shoot growth in the investigated species,
which reached 52.06 cm, on average, in comparison to
plants subjected to BAP and NAA concentrations, whose
shoot growth ranged from 37.50 to 44.56 cm, as well as
to the control plants (37.06 cm) (Table 2).
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Plants subjected to GA application presented
larger number of small leaves than that observed
in plants subjected to other treatments (Figure 1).
Consequently, higher total leaf area value (2,343.68 cm?)
was recorded for plants subjected to 100mg L' GA,. The

highest BAP concentration led to apical dominance
loss in the investigated species, decreased plants’
shoot length and induced the growth of axillary
shoots with larger number of leaves and smaller leaf
area.

Table 1 - Effect of foliar application of the type of regulators (NAA, BAP and GA,) and concentrations on the vegetative growth of

Melissa officinalis L.

Concentration (mg L")

Growth regulator 25 50 100 CV%

Leaf dry weight - LDW (g plant™)
NAA 9.13¢cB 9.53bB 14.61 aA
BAP 18.46 aA 14.29 aB 13.36 aB 12.24
GA, 14.14 bB 13.97 aB 12.63 aB
Control 19.48

Stem dry weight - SDW (g plant!)
NAA 7.99 bA 7.94 cA 7.70 cA
BAP 9.91 aA 10.06 bA 9.99 bA 12.29
GA, 11.42 aB 13.64 aA 14.46 aA
Control 9.66

Root dry weight - RDW (g plant)
NAA 8.57 bA 9.80 aA 10.67 aA
BAP 10.46 aA 10.14 aA 9.31 aA 14.45
GA, 12.20 aA 9.52 aB 7.91 bB
Control 11.31 aA

Shoot dry weight - ShDW (g plant™)

NAA 17.12bC 17.48 bC 22.32bB
BAP 28.37 aA 24.36 aB 23.35bB 9.44
GA, 25.56 aA 27.61 aA 27.10 aA
Control 29.14 aA

Total dry weight - TDW (g plant™)
NAA 25.69 bC 27.28 bC 33.01 aB
BAP 38.84 aA 34.51 aB 32.67 aB 8.7
GA, 37.76 aA 37.13 aA 35.00 aA
Control 40.45 aA

R:ShDW

NAA 0.50 aA 0.56 aA 0.49 aA
BAP 0.37 bA 0.42 bA 0.40 bA 13.66
GA, 0.48 aA 0.35bB 0.29 cB
Control 0.39 bA

Means followed by the same lowercase letter in the column and the same uppercase letter in the row do not differ statistically according to the Scott-

Knott test (p < 0.05). R: ShDW: ratio of root/ shoot dry weight (LDW+ SDW)
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Figure 1 - General aspect of a Melissa officinalis plant cultivated under the effect of different concentrations and types of growth regulators

(@

NAA

Variation in leaf area ratio (LAR) recorded for M.
officinalis L. plants subjected to different treatments with
plant growth regulators is shown in Table 2. LAR expresses
the useful leaf area for photosynthesis in comparison to
total dry weight. This factor indicates the leaf area used
by plants to produce 1 g of dry weight (Benincasa, 2003).
Overall, treatments based on GA, and NAA application
led to increased LAR wvalues. This behavior is the

BAP %

evidence that these plants grew after the application of
these regulators. LAR is often higher at early vegetative
cycle stage; it decreases later on, as plants’ maturation
progresses. BAP application induced LAR decrease, and
it means that the amount of assimilates allocated to the
leaves has decreased. Untreated plants (control) recorded
LAR values close to ones observed for plants subjected
to the BAP treatment. If one takes into consideration that
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leaf area ratio represents the proportion of photosynthetic
material related to plants’ total dry weight, it is possible
suggesting that the BAP and control treatments
presented lower amount of photosynthetic material in
comparison to total dry weight, 90 days after planting.

Specific leaf area (SLA) is a component that

indicates morphological and anatomical changes in

leaves, since it relates leaf surface to leaf dry weight
(Benincasa, 2003). Overall, higher SLA was observed
after NAA and GA | application; greater leaf area and
lower leaf dry weight were also observed for these
regulators (Table 2). It is possible inferring those plants
invested a relatively larger amount of photoassimilates
to increase leaf area - given the larger number of leaves
observed in the current case - in order to maximize the

Table 2 - Effect of foliar application of growth regulators (NAA, BAP and GA3) with different concentrations on growth analysis of

Melissa officinalis L.
Concentration (mg L")
Growth regulator 25 100 CV%
Shoot length - SL (cm)
NAA 43.00 aA 43.56 bA 44.56 bA
BAP 37.50 bB 41.56 bA 28.44 bC 3.44
GA, 44.43 aC 47.87 aB 52.06 aA
Control 37.06
Total leaf area — TLA (cm?)
NAA 866.57 bB 1994.74 aA 1652.10 bA
BAP 1736.44 aA 1253.43 bB 1123.50 cB 16.07
GA, 1977.03 aA 1920.64 aA 2343.68 aA
Control 1692.97
Leaf area ratio — LAR (cm? g')
NAA 34.59 aB 74.05 aA 48,26 bB
BAP 42.76 aA 35.88 bA 33,66 bA 18.82
GA, 53.82 aB 51.12bB 68,27 aA
Control 42.23
Specific leaf area - SLA (cm? g™)
NAA 97.00 bB 212.93 aA 106.47 bB
BAP 87.25 bA 85.69 bA 82.63 bA 25.75
GA, 141.29 aA 135.66 bA 176. 62 aA
Control 88.24
Specific leaf weight - SLW (cm? g')
NAA 0.006 aA 0.003 bB 0.005 aA
BAP 0.006 aA 0.007 aA 0.007 aA 19.58
GA, 0.004 bB 0.004 bB 0.003 bB
Control 0.006
Leaf weight ratio - LWR

NAA 0.53bB 0.54 bB 0.65 aA
BAP 0.65 aA 0.58 aB 0.57 bB 5.73
GA, 0.55bB 0.50 bC 0.46 cC
Control

Means followed by the same lowercase letter in the column and the same uppercase letter in the row do not differ statistically according to the Scott-

Knott test (p < 0.05)
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capture of available light. Inverse SLA often indicates
leaf thickness, which is associated with specific leaf
weight (SLW) (Benincasa, 2003). The lowest SLW
values recorded in the current study were observed after
NAA and GA, application, and it enabled inferring that
these leaves were thinner than the ones grown in plants
subjected to BAP treatment and in the control group,
which recorded higher SLW values. M. officinalis
plants subjected to growth regulators’ application
behaved like plants grown in the shade. According to
Lambers, Chapim III and Pons (1998), leaves grown
under shading were thinner, as well as presented higher
specific leaf area (SLA) and lower leaf dry weight.
Shaded plants presented increased SLA, which was
directly related to anatomical changes, such as thinner
cuticle and epidermis, as well as lower mesophyll and
palisade parenchyma thickness (Berlyn; Cho, 2000).
BAP application overall resulted in higher leaf weight
ratio (LWR). This finding shows that plants subjected
to BAP application accumulated more leaf dry weight.

Gibberellins, mainly GA,, have been one of
the main exogenously sprayed plant hormones used
to increase plant growth, flowering and yield, as well
as to delay senescence in several agricultural crops. It
is so, because it is associated with plant growth and
with better absorption of minerals such as phosphorus,
calcium, potassium and magnesium (Opabode; Raji,
2019; Ramesh et al., 2019; Zulfiqar et al., 2019). The
magnitude of GA’s effect, as well as of BAP, depends
on experimental conditions, such as year and plant
species, since high concentrations of these hormones
can stimulate ethylene biosynthesis, which is the
hormone accounting for the maturation of plant organs

and, consequently, for the maturation of the organs
(Suehiro et al., 2019).

Photosynthetic pigments

The application of different growth regulators has
significantly affected photosynthetic pigment levels, although
the applied doses did no have significant effect on this
variable (Table 3). In addition, NAA application to plants
led to higher chlorophyll a (1.13 mg g' FW), chlorophyll »
(0.53 mg g' FW), total chlorophyll (1.65 mg g' FW) and
carotenoid (0.35 mg g' FW) contents, although it did
not significantly differ from the control treatment, only
(Table 3).

The herein observed increase in photosynthetic
pigments may be associated with plants’ direct dependence
on these hormones to trigger biological processes linked to
chlorophyll content and plant growth (Opabode; Raji, 2019).
Increased auxin level activates the genetic mechanisms
involved in chlorophyll and carbohydrate synthesis, which, in
its turn, enables plant growth (Yuan et al., 2019). However,
in the case of M. officinalis, the applied auxin (NAA) led
to lower dry weight accumulation.

Protein and total phenols’ contents

Melissa  officinalis  leaf  proteins  were
significantly affected by the interaction between
growth regulator concentrations and types (Table 4).
BAP application at 25 mg L' has favored leaf protein
concentration (0.53 mg mL"), similarly to what
was observed for the application of increasing NAA
concentrations. GA, application, in its turn, reduced
the values recorded for this variable. Application of
BAP at reduced concentrations (0.1 mM) was capable

Table 3 - Photosynthetic pigment content of Melissa officinalis leaves under different concentrations and types of plant growth regulators

Factors Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoid
mg g' FW
Growth regulator
NAA 1.13a 0.53a 1.65a 0.35a
BAP 1.02b 0.44b 146 b 030b
GA3 0.96b 041b 1.37b 030b
Control 1.15a 0.46 b 1.59a 0.34a
Concentration (mg L")
25 1.02m 0.48m 1.50m 0.32m
50 1.00m 0.46m 1.47ms 0.31m
100 1.07m 0.44rs 1.51ms 0.31m
C.V.% 12.13 18.55 11.12 9.76

Means followed by the same lowercase letter in the column do not differ statistically using the Scott-Knott test (p < 0.05). ns- not significant
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of delaying leaf senescence in some plant species; they
associated this behavior with increased crude protein
content in leaves (Wilson-Garcia et al., 2008). Thus,
high concentrations of this growth regulator sprayed
on plants’ leaves may have had oxidative effect on M.
officinalis, since it reduced its protein content.

The highest total phenol contents recorded for
M. officinalis were observed in plants sprayed with GA,
and BAP, at increasing doses, although they did not
significantly differ from the control treatment. On the
other hand, the NAA regulator had decreasing effect on
leaf phenolic content recorced for the aforementioned
species (Table 5). The exogenous application of gibberellic
acid GA, increased plants’ antioxidant capacity, through
the maintenance and synthesis of phenolic compounds,
such as flavonoids and phenolic acids (Almughraby;
Kalimullin; Timofeeva, 2019; Hu et al., 2018). Species
M. officinalis is one of the medicinal plants presenting
high phenolic compound levels; rosmarinic acid and

flavonoids stand out among the main factors accounting
for its antioxidant capacity (Pistelli et al., 2019; Safari;
Akramian; Salehi-Arjmand, 2020). Rosmarinic acid
is found at large amounts in species M. officinalis; its
antioxidant, antibacterial and antifungal activity plays
key role in this species’ pharmacological performance
(Caleja et al., 2018; Ertas; Yener, 2020).

Essential oil content, yield and chemical composition

The application of different growth regulator types
and doses to M. officinalis plants did not affect its essential
oil content, which ranged from 0.44% to 0.47% (Table 6).
There was isolated growth regulator concentration effect
on the investigated species’ essential oil yield. Growth
regulator concentrations of 25 and 100 mg L' were the
most effective ones for essential oil yield, which ranged
from 61 to 64 mg plant’!, respectively. In relation to
the regulators, the effect of the control application was
superior to the others.

Table 4 - Effect of different concentrations and types of growth regulators on the concentration of total soluble proteins (TSP) in dry

leaves of Melissa officinalis cultivated within 90 days

Concentration (mg L")

Growth regulator 25 50 100
TSP (mg mL")
NAA 0.24 bB 0.27 bB 0.31 aA
BAP 0.53 aA 0.34 aB 0.33 aB
GA, 0.14 cA 0.14 cA 0.16 bA
Control 0.25
CV % 0.71

Means followed by the same lowercase letter in the column and uppercase letter in the row do not differ statistically between them by the

Scott-Knott test (p < 0.05)

Table 5 - Effect of different concentrations and types of plant growth regulators on the total phenol content of Melissa officinalis

cultivated within 90 days

Concentration (mg L")

Growth regulator 25 50 100
Total Phenol (mg EAG/g)
NAA 42.88 bA 40.71 bB 40.62 bB
BAP 45.08 bB 47.07 bB 52.54 bA
GA, 52.63 aB 54.17 aB 57.68 aA
Control 63.13
CV% 7.38

Means followed by the same lowercase letter in the column and uppercase letter in the row do not differ statistically between them by the

Scott-Knott test (p < 0.05)
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According to some studies conducted with
species belonging to family Lamiaceae, the application
of growth regulators to plants has led to higher essential
oil content. Povh and Ono (2006), for example,
applied GA, to Salvia officinallis L. and observed
increased essential oil content in this species; BAP was
ineffective for the response variable. It was observed
significant increase in essential oil content and in the
concentration of some monoterpenes in Thymus vulgaris
L plants (Rabiei; Bahador; Kordrostami, 2018). Besides
the adopted growth regulator type and concentration,
M. officinalis oil content also depended on plants’
genotype and age; the aforementioned plant presented
relatively low oil content (0.01% to 0.35%).

Essential o0il compounds have changed
depending on growth regulator type and concentration
(Table 7). Citral and citronellal are major compounds
in the chemical composition of the essential oil
extracted from M. officinalis. They are used by the
industrial sector, mainly by pharmaceutical companies,
for vitamin A synthesis purposes. BAP application at
doses of 25 and 50 mg L™ increased citral content by 10%,
whereas the highest dose of it (100 mg L) only
increased this content by 4%. GA, application at
the lowest dose (25 mg L) increased citral content by
18%, whereas the doses of 50 mg L' and 100 mg L'
increased this content by 6% and 3%, respectively
(Table 7). Citronellal compound recorded content gain
ranging from 8% to 10%, at the lowest dose (25 mg L")
of all growth regulators applied.

The application of growth regulators did not
affect the total content of the essential oil but altered
its composition. Citral and citronellal are valuable
compounds for the pharmaceutical industry. Therefore,
the application of the growth regulator gibberellin
would be advantageous due to the increase in these
compounds in the essential oil. The combination of
gibberellin and auxin could be studied to evaluate the
joint effect of these regulators. Auxin and gibberellic
acid (GA,) exhibit a synergistic effectin plants, meaning
they can work together to enhance or complement
their actions in plant growth and development. This
synergistic interaction between growth regulators is
essential for plant development. Auxins can enhance
the biosynthesis or activity of gibberellic acid in
certain tissues, amplifying its effects. The integrated
signaling of these growth regulators is crucial for
promoting more efficient growth and, consequently,
increasing the synthesis of the compounds present in
the essential oil.

External factors, such as the application of
growth regulators like cytokinin and auxin, affect
terpenoids biogenesis, by increasing or inhibiting their
content in some plant species (Danova et al., 2018;
Krumova et al., 2013). The application of regulators,
such as gibberellic acid (GA,), indole 3-acetic acid
(IAA) and benzylaminopurine (BAP), has increased the
chemical composition of some components in Ocimum
gratissimum L species’ essential oil (Hazzoumi;
Moustakime; Amrani Joutei, 2014).

Table 6 - Effect of different concentrations and types of plant growth regulators on the essential oil content and yield of Melissa

officinalis cultivated within 90 days

Factors EO content EO yield
mg plant’!
Growth Regulator
NAA 0.47m 53b
BAP 0.44rs 65b
GA 0.44ns 60 b
Control 0.44rs 82a
Concentration (mg L)

25 0.45m 6la
50 0.43m 55b
100 0.48n 64 a
CV% 18.36 19.54

Means followed by the same lowercase letter in the column do not differ statistically using the Scott- Knott test (p < 0.05). ns-not significant
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Table 7 - Chemical composition of Melissa officinalis essential oil subjected to different

Analyte concentration (mg. mL") + SD

RI Compounds Control 25mg L' 50 mg L 100 mg L
NAA BAP GA3 NAA BAP GA3 NAA BAP GA3
983 1-Octen-3-ol 0.02 0.04 003 0.03 002 003 0.04 002 001 0.03
990  6-Methyl-5-hepten-2-one  0.02 0.04 004 0.04 005 004 003 003 003 0.03
1144 Limonene oxide 0.02 0.05  0.01 0.02 0.02 0.01 0.04 001 0.02 0.02
1153 Citronellal 0.85 094 092 093 083 072 041 0.93 - 0.81
1223 Isogeranial 0.04 0.03 003 0.04 003 003 0.05 003 004 0.04
1233 Nerol (cis-Geraniol) - 0.02 - 0.05 - - 0.03 - - 0.02
1241 Neral (B-citral) 2.38 233 266 290 294 266 268 231 253 265
1254 Geraniol - 0.05 - - - - - - - -
1261 Methyl citronate - - - - - - 0.05 - - -
1271 Geranial (a-citral) 3.77 317 409 434 428 409 384 337 386 3.68
1328 Methyl geraniate 0.12 0.12 0.17 0.15 016 0.17 0.10 0.13 0.11 0.11
1396 Geranial acetate 0.50 0.02 047 043 041 047 035 037 047 043
1583  Caryophyllene oxide - - 026 052 030 0.26 - 0.18  0.05 -
Citral (neral + geranial) 6.15 5.5 6.75 724 722  6.75 6.52 568 639 633
Compounds number 9 11 10 11 10 10 11 10 9 10
Retention indices (RI), SD: Standard deviation (n = 3) ranged from 0.00 to 0.35
CONCLUSIONS ACKNOWLEDGEMENTS

1. BAP and GA, applied at lower concentrations have
favored shoot dry weight accumulation in M. officinalis
plants. Values recorded for these growth regulators
were only lower than the ones recorded for the control
treatment. There was no difference in essential oil content
only in yield. BAP application at 25 mg L' has favored
leaf protein concentration. The highest total phenol
contents were observed for plants sprayed with GA,
and BAP, at increasing doses, although these contents
did not significantly differ from the ones recorded for
the control treatment. Essential oil compounds changed
depending on growth regulator type and concentration.
The application of GA, at the lowest concentration
(25 mg L") resulted in an 18% increase in citral content,
while citronellal content showed an increase ranging
from 8% to 10%. This rise in the concentration of major
compounds, such as citral and citronellal, can enhance
the commercial value of the extracted essential oils,
as the presence of these chemical components in the
essential oil composition of M. officinalis is highly
valued by various industries, especially pharmaceutical
companies. Thus, the use of growth regulators can be
an economically advantageous strategy for producers
aiming to maximize profitability in the cultivation of
medicinal plants.
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