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Abstract:

Vietnamese balm (Elsholtzia ciliata (Thunb.) Hyland) (E. ciliata) is known as an aromatic herb and a valuable remedy
in oriental medicine thanks to the essential oil contained in the leaves. In plant life, plant growth regulators play an
important role in the growth and accumulation of essential oils. This article investigates the effect of gibberellic acid
(GA)) on the growth and essential oil accumulation of E. ciliata at the 4-week-old plant stage based on a randomised
complete block design with 3 replications. The results showed that the effect of GA, (0, 5, 10, 15, 20, and 25 ppm)
on growth parameters of E. ciliata. GA, increases plant height, leaf length, leaf width, whole plant fresh weight, dry
weight, nitrate content, and essential oil percentage significantly (p<0.05). With an increasing amount of GA,, all of
these parameters increased significantly compared to the control. The treatment with 10 ppm GA, resulted in the
highest plant height, leaf length, leaf width, and production of fresh weight, dry weights, nitrate content, and more
than the control. The highest essential oil yield (1.41%) was obtained by applying 10 ppm GA,. The results of this
study showed that the quantitative and qualitative yield of Vietnamese balm could be increased by treatment with

an appropriate amount of gibberellic acid.
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1. Introduction

Vietnam is a country located in an area with a tropical
monsoon climate and many geographical regions favourable
for plant growth. The diversity of Vietnamese flora is very
high, with about 13,000 vascular plants [1]. The Family
Lamiaceae (Labiatae), also known as the mint family,
is represented by 236 genera and about 7,200 species
distributed almost all around the world [2]. Numerous
species of the family Lamiaceae, which are rich in volatile
oils, are of great importance as medicinal plants and spices.

As people become more and more aware of the
effectiveness and benefits of plant aromatics, medicinal
plants, and their metabolites in protecting health and
beauty, the demand for products of plant origin is constantly
increasing. Essential oils (EOs) - secondary metabolites
from plants - are widely used in the chemical industry,
perfumery, flavouring, and cosmetic industries. Many
of their therapeutic properties have been demonstrated
in recent years, such as antioxidant, antimicrobial, anti-
inflammatory, antiviral, antispasmodic, antiproliferative,
and neuroprotective, among others [3]. Nowadays, EOs are
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likely to be used as safer alternatives to synthetic antibiotics,
antifungals, anti-mosquitos, insecticides, and materials used
for beauty treatments. With such outstanding values, many
plant species containing essential oils, including species
belonging to the Lamiaceae family, have become popular
crops, and many essential oils are commodities with high
economic value.

E. ciliata, a flowering plant belonging to the family
Lamiaceae, is a wild plant native to Asia. In traditional
medicine, E. ciliata has been used for the treatment
of headache, fever, diarrhoea, oedema, blood clotting,
gastralgia, dysphonia, nephritis, and throat infections [4,
5]. According to scientific literature, E. ciliata is a valuable
bioactive source of natural antioxidants [6]. E. ciliata
also possesses anti-inflammatory, antiviral, antibacterial,
antioxidant, anticancer, and vasorelaxant effects [6-9].
The chemical composition of E. ciliata leaf essential oil is
characterised by high amounts of geranial (19.5-26.5%),
neral (15.2-20.5%), limonene (10.9-14.2%), and (Z)-p-
farnesene (10.8-11.7%) as major constituents [10]. J.H.
Jeong, et al. (2005) [11] reported that EOs extracted from
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E. ciliata inhibit lipid peroxidation. In addition, Y.J. Kim, et
al. (2006) [12] showed that a methanol extract of E. ciliata
showed potent inhibitory activity against pancreatic lipase
in a screen of medicinal plants for anti-obesity agents.

Plant growth regulators have immense commercial
importance in intensive agriculture and are valuable in the
agribusiness of high-value crops for organic cultivation
[13]. Efforts to improve EO production by applying plant
growth regulators have been suggested [14]. Plant growth
regulators have been found to enhance herb and oil yield in
some species. Gibberellins (especially gibberellic acid GA,)
are the most critical and valuable compounds for enhancing
the productivity of commercial crops. Gibberellins are
associated with various growth and development processes
such as seed germination, stem and hypocotyl elongation,
leaf expansion, floral organ development, flowering time
reduction, flower number and size increase, and induction of
some hydrolytic enzymes in the aleurone of cereal [15, 16].
Initsrole in essential oil accumulation, GA, has been studied
previously; B.R.R. Rao, et al. (1997) [17] sprayed geranium
with GA, promoted oil yield and prolonged flowering.
Reports are available indicating a direct correlation between
trichome number and oil production [18]. In parallel, GA,
also increases leaf area leading to an increase in trichome
parameters. The increase in oil accumulation per bed was
because of an increase in trichome parameters (density,
trichome diameter, total number of trichomes per leaf), leaf
area, and oil biogenetic capacity per plant.

There have been much research works on E. ciliata.
However, these studies focused mainly on extracting and
analysing the chemical composition or biological activities
of secondary compounds obtained from E. ciliata [19,
20]. On the contrary, the number of studies on the effects
of phytohormones on the growth and accumulation of
essential oil of E. ciliata is still limited. Based on the
reference information, this study was carried out to evaluate
the effects of GA, on plant height, leaf length, leaf width,
whole plant fresh biomass, dry biomass, nitrate content, and
essential oil percentage of E. ciliata.

2. Materials and methods
2.1. Plant materials

The seeds of Vietnamese balm (E. ciliata) were obtained
from Huong Nong Seeds Co., Ltd (Vietnam). E. ciliata at
the 4-week-old seedling stage.

2.2. Growth conditions

Prior to seed sowing, a homogeneous mixture of soil and
organic manure in the ratio of 4:1 was filled in the nursery
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garden [21]. A uniform basal dose of nitrogen, phosphorus,
and potassium was given at a rate of 15, 25, and 25 kg ha’!,
respectively. The soil was maintained at proper moisture to
ensure better growth of the plants. Relative humidity was
set to 60-80% [22]. The seeds were sown directly at a depth
of 2 cm in a nursery garden located in Can Giuoc district,
Long An province.

2.3. Experimental design
2.3.1. Plant growth assessment experiment

The growth of E. ciliata grown from seeds was assessed
for 8 weeks (from the time the plant has 2 true leaves
to the flowering stage). A randomised complete block
design (RCBD) with three replications was applied for the
experimental layout. After each week, the plant’s growth
was recorded for the parameters of plant height, leaf length,
leaf width, total plant fresh weight, total plant dry weight,
nitrate content, photosynthesis intensity, and respiration
rate.

2.3.2. Gibberellic acid experiments

Nursery-raised healthy, vigorously growing 4-week-old
seedlings (based on the result of the plant growth assessment
experiment) were sprayed once on the foliage of the plants
with six levels of GA, solution (adjusted to pH 7.0 with
NaOH) (0, 5, 10, 15, 20, 25 ppm) (1.5 1) with the help of
an atomiser [23]. The spraying volume for each treatment
was maintained at 0.5 1. After a lapse of 2 hours following
the spraying, regular watering procedures were resumed.
Treatments were triplicated in a completely randomised
block design three times in factorial experiments. The
performance of E. ciliata was assessed for the above-
mentioned parameters at week 6 (W6) and week 8 (WS)
after spraying.

2.3.3. Growth analysis
Growth parameters were measured as follows:

1. Plant height (PH, cm): The plant height was measured
from the area where the stem contacts the growing medium
to its apex with a ruler.

2. Leaf length (LL, cm): The length of the 4" leaf was
measured at its longest size using a technical Palmer ruler
(Mitutoyo digital micrometre, Japan).

3. Leaf width (LW, cm): The width of the 4™ leaf was
measured at its widest size using a technical Palmer ruler
(Mitutoyo digital micrometre, Japan).

4. Fresh biomass (FB, g): Randomly chosen plants were
taken from each experimental unit. After cleaning them
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from dust and separating them from the root system, the
total plant fresh weight was recorded with a sensitive scale.

5. Dry biomass (DB, g): After weighting, the plant was
wrapped in a clean paper bag, labelled, and oven-dried at
65°C for 48 h to determine the dry weight following the
methodology established by M. Corell, et al. (2012) [24].

6. Nitrate content (NC, mg.kg!/FW): Nitrate content
in plants was determined by colour reaction with phenol
sulphonic acid solution. The absorbance of the standards
and samples was measured with a Shimadzu (Model: 2401)
UV-Vis spectrophotometer after setting the blank at 100%
transmittance at the wavelength of 410 nm [25].

7. Photosynthesis intensity (PI, umol O/dm?*h) and
respiration rate (RR, umol O /dm*h): E. ciliata leaves were
cut with specialised cutting tools (<10 cm?), then placed in
the measuring chamber LD, (Hansatech, the UK) for 10
minutes. Gas exchange was measured with the instrument’s
oxygen electrode and was calculated as an increase (when
leaves were illuminated with a white LED at 150 umol/m?/s)
or decrease (when leaves were placed in the dark) of the
amount of oxygen in the measuring chamber. The chamber
temperature was 27+0.2°C under light-intensity conditions.
The photosynthetic intensity and respiratory intensity were
calculated at 4 to 7 minutes based on a graph showing the
change in oxygen content displayed on the computer [26].

2.3.4. Essential oil contents

Essential oil contents (EO, %) of the air-dried and ground
plants (150 g each) were determined by hydrodistillation for
3 husing a Clevenger-type apparatus. The obtained essential
oils were dried over anhydrous sodium sulphate and stored
at 4°C in the dark until further analysis [27].

2.3.5. Morphology of trichomes

Leaf samples were transversely cut into thin slices and
directly observed for the appearance of hairs under an
optical microscope after each week of the growth cycle.

2.4. Data analysis

The data of growth of E. ciliata at each week (growth
experiment); weeks 6 and 8 (GA, treatment experiment);
and the data of essential oil contents of the GA, treatment
experiment at week 8 were tested. One-way ANOVA with
a significance level of 5% (p<0.05) was used to compare
the mean values at each time point. These analyses were
performed using SPSS statistical software to test the
significant difference at probability p<0.05. All data were
presented as mean + standard errors (SE).
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3. Results and discussion
3.1. Growth of E. ciliata in nursery garden for 8 weeks

E. ciliata in the nursery garden grew slowly from week
1 to week 4. By week 5, the plants exhibited faster growth,
as evidenced by the increase in growth parameters such as
plant height (9.10 to 15.58 cm), leaf length (3.34 to 6.94
cm), and leaf width (1.91 to 3.71 cm) (Table 1). The leaves
were dark green and deeply lobed, with each axillary bud
having 2-4 branches. Stems and roots were sturdy. During
weeks 6 and 7, plants continued to grow, showing increased
tillering, and flowered at the end of weeks 7 and 8 (Fig. 1).
This is consistent with the role of leaves as the organs
carrying out the function of photosynthesis and synthesising
metabolic compounds for the plant. The rapid growth of
leaves before flowering is to create conditions for the plant
to accumulate enough energy and achieve physiological
maturity, preparing for the flowering stage [28].

Table 1. Growth analysis of E. ciliata in the nursery garden.

Week

Parameters
2 3 4 5 6 7 8

PH em 175£0.14 28140340 SA0:036° 9.10:0.44° 15.58£1.96° 26.33£1.78" 28.23£0.70¢ 28.34+0.90¢
LL em 102007 LISH0.10F 2.80:0.03° 3341035 6.94:0.56" 7.0240.11¢ 7.13£0.28° 7.17+0.09
LW em 07240100 0.77+0.11° 1782003 1912036 3712057 3.99:0.11% 4.07:028¢ 42240.0%¢
B g 1.060.06° 1.16:0.06* 345£L11° 9.81:041° 25.18:043¢ 31958049 32.07+0.63 32.36+045
DB g 0.05:001* 0.06:0.01 0.13:0.03 0624008 131£0.02¢ 2.79:0.05° 2.82:002 2.83+0.11°

NC mgkg!/FW 475:0.14° 4942032 12814059 28.61+046° 55.942045¢ 58814058 59.10+0.98 59.5240.65"

Values are mean +SE, the superscript letters in each row
indicate significant differences between weeks (p<0.05).

1 2 3 4 5 6 7 8

Fig. 1. Growth of E. ciliata in the nursery garden over 8
weeks. Scale bar: 5 cm.

The flowering phase commenced at the end of week
7. At that time, plant growth slowed down, reaching its
maximum in plant height (28.34 cm), leaf length (7.17 cm),
and leaf width (4.22 cm) due to the vegetative meristem
transforming into the floral meristem. Therefore, it was no
longer able to lengthen the internodes and create new leaves
(Table 1), aiding the plant’s transition from the vegetative
stage to the flowering stage [28].
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During the developmental stages, plants absorb and
accumulate nutrients. Nitrate accumulation depends on
the plant’s requirements during each growth stage. During
the vegetative stage, the plant requires a large amount of
nitrogen for the development of stems and leaves. As the
plant transitions to the reproductive stage, nutrients are
prioritised for flowering and fruiting, thereby slowing down
or halting growth to concentrate energy on flowering [29].
This was consistent with the increase in FB (3.45 to 31.95
g); DB (0.13 to 2.79 g); nitrate content (12.81 to 58.81
mg.kg!'/FW) from weeks 3 to 6. From weeks 6 to 8, the
increase in FB (31.95-32.36 g), DB (2.79 to 2.83 g), and
nitrate content (58.81 to 59.52 mg.kg!/FW) was slow and
showed no significant difference (p>0.05) (Table 1).

The photosynthetic intensity gradually increased from
week 1 to week 6 (4.95 to 18.06 umol O,/dm?/h), peaked at
week 6, and then gradually decreased at weeks 7 and 8 (18.06
to 17.93 umol O,/dm?’/h) (Table 2). Strong photosynthesis
during the nutrient stage helps plants to grow quickly, with
the energy generated in photosynthesis preferentially used
for stem elongation, leaf formation, and branching [30].
Photosynthetic intensity started to decrease slightly from
week 7 to week 8 but there is no statistical difference. On
the other hand, respiratory intensity increased from week 7
to week 8 (5.77 to 9.84 pmol O,/dm*h) to prepare for the
flowering stage. In the flowering stage, E. ciliata favourably
uses a lot of energy from cellular respiration to support
flower morphogenesis energy [31].

Table 2. Photosynthetic intensity and respiration rate of E.
ciliata in the nursery garden.

Week

Parameters
1 2 3 4 5 b 7 8

il 495:0,09°
umolO,/dnr’h
R 20.17:0.50°

SIH0IT 63910100 9.16:0.19 17.65:048° 18.06£0.22' 17.98:022" 17.93£0.07¢

2034104 2003075 111920667 5542041 5776026 5772019 9842035

Values are mean +SE, the superscript letters in each row
indicate significant differences between weeks (p<0.05).

3.2. Morphological changes and accumulation of
essential oil in E. ciliata trichomes for 8 weeks

On the cross-section of the leaves, trichomes
accumulating essential oil in E. ciliata have a 1-cell head
and a 2-cell head. At weeks 1 and 2, a new ciliary system
formed into undivided cells and there was almost no oil
accumulation (Fig. 2A). At week 3, trichomes divided
into a 2-cell epithelium (Fig. 2B) and began to accumulate
essential oil (Fig. 2D) or did not divide but still accumulated
essential oil (Figs. 2C, 2D). By week 4, the accumulation of
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essential oil in the hair secretion system was enhanced. This
transformation was maintained and did not differ from week
4 to week 8 (Fig. 2).

(€) (E)

Fig. 2. Feathers in E. ciliata 1 cell head has not accumulated
essential oil at week 1, 2 (A); the head of 2 cells has not yet
accumulated essential oil at week 3 (B); 1 cell head accumulates
essential oil at week 3 (C); the head of 2 cells accumulates
essential oil at week 3 (D); 1 cell head accumulates essential
oils at weeks 4-8 (E); the head of 2 cells accumulates essential
oil at weeks 4-8 (F). Scale bar: 10 ym.

3.3. Effect of GA, on the growth and accumulation of
essential oil in E. ciliata

3.3.1. Plant height

The results in Tables 3 and 4 indicated that spraying
GA, on E. ciliata caused a significant increase in plant
height. Increasing GA, concentrations from 5 to 10 ppm
significantly increased plant height (33.68-45.58 cm at
W6; 55.94-77.01 cm at W8). The height of E. ciliata was
highest (with significant difference) when sprayed with 10
ppm GA,, reaching 45.58 cm at W6, and 77.01 cm at W8,
compared with the control which gave 26.42 cm at W6; and
28.55 at W8.

Table 3. Effect of GA, on growth of E. ciliata after 2 weeks
of treatment.

GA, Parameters

concentrations

(opm) PH(g) LL (cm) LW(em)  FB(y DB (g NC (mg.kg-/FW)
0 2042:084 7010100 3.93:0.18  29.98:098  281:0.04° 5815043

5 B80S 7370020 4350050 3466:180°  4.09:030° 6939077

10 4558064 87320340 550:043°  4400:1200 639118 §3.39:127

15 2048 86420460 5413034 43.00:156  6.28:032%  §3.01£144

20 IT90:049"  864:046"  AT2H008 3981172 5730360 7641148

2 2038057 7294003 427H0.00° 31891540 363007 65.86+091°

Values are mean +SE, the superscript letters in each
indicate significant differences between weeks (p<0.05).

row
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Table 4. Effect of GA, on growth of E. ciliata after 4 weeks
of treatment.

GA, concentrations Parameters

(ppm) PHE  Ll@m LWem FB(y DB  NC(mghg-YFW)
0 WSSH04Z TIT01E  430:000 344TEI3S 296012 61254078
5 SSOMNAS 852041 53034 A9ED06T T49H02E 9503067
10 TIOL049 9504051 603029 65446163 1L10:030° 83394127
15 TS05H078 8812035 ST9031 6L76£24% 974037 18714103
2 66.89:080° 8644046  SSIH033  SBSGELSR 8384037 109.6140.58°
2 HA5H056 TSH0IS 446015 ITISHOAE 613007 710909

Values are mean *SE, the superscript letters in each row
indicate significant differences between weeks (p<0.05).

3.3.2. Leaf length and leaf width

The data in Tables 3 and 4 indicated that spraying GA,
on E. ciliata caused a considerable increase in the leaf length
and leaf width, which reached 7.29-8.73 cm (LL at W6),
4.27-5.50 cm (LW at W6). The highest length and width of
the leaves (9.50 cm (LL) and 6.03 cm (LW)) were observed
when the plant was sprayed with 10 ppm GA, at W8, which
differs significantly from all other treatments studied.

3.3.3. Fresh and dry biomass

The results in Tables 3 and 4 showed that the total plant
fresh biomass (FB) and dry biomass (DB) were significantly
highest (44.02 and 6.39 g (W6); 65.44 and 11.10 g (WS),
respectively) when the plants were sprayed with GA, at 10
ppm, showing an increase of 47.32%.

3.3.4. Nitrate content

The outcomes in Tables 3 and 4 demonstrate that
spraying E. ciliata with GA, from 5-25 ppm caused
significant increase in nitrate content, which ranged from
65.86 to 83.39 mg.kg!/FW at W6, and from 71.09 to
128.71 mg.kg!/FW at W8. The nitrate content had the
significantly highest value of 83.39 mg.kg!/FW at W6 with
10 ppm and 128.71 mgkg!/FW at W8 when plants were
treated with 15 ppm GA.,.

3.3.5. Photosynthesis intensity and respiration rate

After 4 weeks of GA, treatment, the Pls of all treated
plants increased (PI: 19.24-32.49 umol O,/dm*h at W§)
when compared with control (PI: 7.04 umol O,/dm*h at
W38). Plants treated with 10 and 15 ppm GA had increased
PIs compared to those treated with 5; 20; and 25 ppm GA
and the control. The PI was highest in the 10-ppm GA,
treatment (29.53 pmol O, /dm*h at W6; 32.49 pmol O,/
dm?h at W8) (Table 5, Fig. 3). In contrast, the RIs of the
GA -treated plants decreased (from 6.94 to 2.90 pmol O,/
dm?’/h at W6; 7.04 to 1.52 umol O /dm*h at W8) and were
different from that of the control (11.16 pmol O,/dm*/h at
W6; 9.84 umol O,/dm?*/h at W8) (Table 5).

SEPTEMBER 2024 ¢ VOLUME 66 NUMBER 3 JRIGUELS Journal of Science,

LIFE SCIENCES | PHARMACOLOGY, BIOLOGY m

(A) (8) (©) (D) (E) (F)

Fig. 3. Effect of GA, treatment on the morphology of E.
ciliata in the nursery garden at week 6: control (A), GA, 5
ppm (B), GA,10 ppm (C), GA,15 ppm (D), GA, 20 ppm (E),
GA, 25 ppm (F). Scale bar: 5 cm.

Table 5. Effect of GA, on photosynthetic intensity and
respiration rate of E. ciliata in the nursery garden.

Gibberellic acid concentrations (ppm)

Parameters

0 5 10 15 20 2
After 2 weeks
Pl 9.15£0.51F 1996043 2953:048' 2766093 20170720 1957015
umol O,/dm/h
RR 11.16£063  459:0.02° 290006 3.080.04* 5454035 6.9420.11¢
After 4 weeks
Pl TOH031F 22096017 3249027 3001:0.17° 1936:0.14° 1924015
umol O /dm’/h
RR 084035 303007 152:005  203:007  6.79:0.04! 7.04£0.16¢

Values are mean *SE, the superscript letters in each row
indicate significant differences between weeks (p<0.05).

Gibberellins (especially GA,) are the most important
group of compounds among the known plant growth
regulators for enhancing the productivity of commercial
crops. However, the high cost and tedious production
technology restrict its field application to high-value crops
only [32]. As shown in Tables 3 and 4, spraying E. ciliata
with 10 ppm GA, caused a considerable increase in PH, LL,
LW, FB, DB, and NC when compared with the control. The
increase in plant height under treatments with gibberellic acid
in Mentha plants (0.001-0.1 mM GA,) was also previously
reported [33]. The physiological role of gibberellic acid
in plants, which involves stimulating and activating the
processes of cell division and expansion, can be linked to
these results. Additionally, by promoting the synthesis of
DNA, RNA, and proteins, gibberellic acid activates many
enzymes that are crucial for the growth and development
of plants and increases the activity of several biological
and physiological processes of the cell [34]. Additionally,
gibberellins increase the permeability of cell walls and raise
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the water content of cells [35]. It is possible to interpret that
the gibberellic acid’s ability to enhance auxin levels leads
to an increase in cell division and cell elongation, resulting
in increased plant height [36, 37]. Alternatively, this could
be explained by GA,’s capacity to stimulate the synthesis of
mRNA for hydrolytic enzymes and by the fact that larger
cells eventually result in longer internodes [38]. Bioactive
GA promotes growth by opposing the functions of DELLA
growth-repressing proteins (DELLAs), members of the
GRAS family of transcriptional regulators [39]. The GA
pathway is a major regulator of this feed forward loop
interconnecting plant growth to nitrate availability. This
leads to GA, supplementation increasing nitrate content as
previously reported by L. Camut, et al. (2021) [40].

3.3.6. Essential oil content

The results obtained in Table 5 reveal that the oil content
of E. ciliata was positively affected by spraying with 5 to
25 ppm GA,, reaching values of 1.09 to 1.41%. The oil
percentage was highest (1.41%) for plants treated with 10
ppm GA,. However, between treatments supplemented
with GA, at concentrations of 10, 15, 20 ppm, there was no
statistical difference in essential oil yields (Table 6, Fig. 4).
For comparison, the oil content of the control was 0.93%.

(A) (B) () (D) (E) (F)
Fig. 4. Effect of GA, treatment on the morphology of E.
ciliata in the nursery garden at week 8: control (A), GA, 5
ppm (B), GA, 10 ppm (C), GA, 15 ppm (D), GA, 20 ppm (E),
GA, 25 ppm (F). Scale bar: 5 cm.

Table 6. Effect of GA, on essential oil content of E. ciliata in
the nursery garden.

Gibberellic acid concentrations (ppm)
0 5 10 15 2 2%
093004 LI2002  TAI002  138:003%  129:0.04°  1.0940.06°

Parameter

EO content %

Values are mean zSE, the superscript letters in each row
indicate significant differences between weeks (p<0.05).

Plant growth regulators have been reported to influence the
yield and quality of essential oil in many crops [41]. Growth
regulators such as GA, can influence essential oil production
through effects on plant growth, essential oil biosynthesis,
and the number of oil storage structures. On the other hand,
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the increase in oil content may also be due to their effects on
enzymatic pathways of terpenoid biosynthesis [42-44]. GA,
affects the key enzyme activity of terpenoid biosynthetic
pathways (DXS and HMGR) based on decreasing DXS
activity in plants. GA, treatment caused a decrease in the
1-deoxy-D-xylulose5-phosphate synthase (DXS) activity in
male and female Cannabis sativa plants [45]. Many reports
support a regulatory role of DXS for the production of MEP-
derived isoprenoids in plants [46]. J.M. Estevez, et al. (2001)
[47] reported that transgene-mediated up or down regulation
of DXS levels in Arabidopsis was correlated with concomitant
changes in the levels of MEP-derived isoprenoid end products.
Additionally, D.J. Wilk, et al. (1999) [48] showed that
gibberellin works to protect the destruction of chlorophyll
by inhibiting the effect of ethylene on chlophyllase transcript
accumulation. Similarly, GA, also increased oil yield and
quality in Ocimum sanctum and Ocimum basilicum [49]. The
result was in conformity with the finding of E.S.M. Rashad,
et al. (2009) [50] on Calendula officinalis L., A. Dadkhah, et
al. (2016) [51] on Satureja hortensis, and M.N. Hasan, et al.
(2020) [52] on Rosmarinus officinalis L.

4. Conclusions

The growth and development of E. ciliata (Thunb.)
Hyl. can be divided into 3 stages: the slow growth phase
(from sowing time to week 4), the fast growth phase (week
4 to week 7), and the flowering phase (stops growing and
flowering from week 7 to week 8). The formation of the
trichomes of E. ciliata starts from the young leaves (1 to 2
weeks old). There are 2 types of hairs, 1-cell hairs and 2-cell
hairs, which begin to accumulate essential oil from week 3.

In addition, the results clearly showed that the exogenous
application of GA, considerably affected the plant growth
attributes, oil productivity and plant biomass. Foliar
treatment with GA, (10 ppm) could be used to promote the
growth and accumulation of EOs in Vietnamese balm (E.
ciliata (Thunb.) Hyl.).
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