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Lemon balm (Melissa officinalis L.) is a perennial herbaceous plant widely used in modern and
traditional medicine. The aboveground part, particularly the leaves, has many benefits; in traditional
medicine, it is used for the preparation of various teas and tea blends, while in modern medicine
to obtain essential oil as it is considered a precious product. Nowadays, the needs for lemon balm
are mostly met by growing it in the open field. The quality of its leaves as well as the content of its
essential oil mostly depend on the way the plant is grown. In stress conditions, medicinal plants use to
increase the content of their secondary metabolites. Therefore, this study aimed to determine whether
water deficit has an impact on the content of essential oil in lemon balm grown as a pot culture. The
experiment was conceived in such a way that at the beginning of the flowering phase, cultivated plants
were given different treatments. Treatment A represented plants that were not subjected to water stress,
while in treatments B and C, prior to harvesting the plants have been subjected to water stress for 7
and 14 days, respectively. By the end of the experiment, the morphological parameters per plant were
measured and the contents of essential oil per treatment determined, all in triplicates. The obtained
results indicate that water stress had a great impact on the yield of the aboveground biomass of lemon
balm plants as well as on the content of essential oil in their leaves. The highest average yield of the
aboveground biomass was obtained in treatment A (1204.0 g) while the highest average yield of the
essential oil in treatment C (0.59 g). In short, an increase in water stress increased its positive effects on
lemon balm grown as pot culture.
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1. INTRODUCTION

Lemon balm (Melissa officinalis L.) is a perennial medicinal,
aromatic, herbaceous plant species from the Lamiaceae family
(Burge, 1980). This medicinal plant has been used all over
the world for more than 2000 years (Abuhamdah and Chazot,
2008). Its herb is mostly used to treat mental, cardiovascu-
lar, respiratory, carcinogenic disorders, as well as to improve
memory, and as an antidepressant and even antidote (Świąder
et al., 2019). Also, great importance is associated with its es-
sential oil, which has a spasmolytic, sedative, and antibacterial
effect (Schultze et al., 1992).
M. officinalis is successfully grown in Asia Minor, Central and
Southern Europe (Dastmalchi et al., 2008). The plant has a
well-developed fibrous root that permeates the soil, well ab-
sorbing the nutrients from it. The stem is erect, hairy, 40 to
120 cm high, irregular in shape, while the leaves are hairy,
ovate to rhomboid in shape, serrated along the rim. They
usually bloom in late summer or early autumn, the flowers

are white and small, while the seeds are small and elliptical
(Moradkhani et al., 2010).

Lemon balm is mainly cultivated for its leaves and essen-
tial oil. Its fragrant leaves have an extensive use-value in
medicine and cuisine. They contain secondary metabolites
such as essential oil, polyphenols, triterpenes, fatty acids, and
mineral compounds (Basar and Zaman, 2013). According to
Ramakrishna and Ravishankar (2011), in order to achieve the
highest productivity of secondary compounds it is necessary
to grow the plant under optimal agroecological conditions.
However, Pereira et al. (2014) pointed out that the production
of essential oils and their composition are greatly influenced
by environmental conditions, while Moradkhani et al. (2010)
suggested that the content of essential oil in leaves depends
on the plant developmental stage. Other studies presented
significant variability in essential oil content in plants exposed
to stress conditions (Farahani et al., 2009; Németh-Zámbori
et al., 2016).
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Since the literature data indicate that stressful growing condi-
tions may affect the content and composition of the essential
oil, this study aimed to explore how stress induced by water
deficit affects the plant yield and content of essential oil in the
leaves of lemon balm grown as pot culture.

2. MATERIALS AND METHODS

2.1. Seedling production in laboratory conditions
The seeds of lemon balm (M. officinalis L.) used in this experi-
ment originated from the MAP collection of the Institute for
Medicinal Plants Research "Dr. Josif Pančič", in Pančevo, Ser-
bia. Production of seedlings started by the end of September
2020 in the laboratory of the Institute’s Department for Re-
search and Development in Agriculture, in Belgrade, Serbia.
The seedlings have been produced in Styrofoam containers
with 160 cells, filled with a sowing substrate “Gramoseed
Fin peat” (Gramoflor, Romania) of following characteristics
provided by the manufacturer: structure 0 - 5 mm, fertilizer
NPK 18:10:20+Mg+me in dose of 0.8 kg/m3, RADIGEN®- Jost
GmbH (slow-release micronutrient) in dose of 100 g/m3, hy-
drogel (wetting agent) in dose of 1 kg/m3. After the sowing,
the containers were kept inside a polyethylene tent (Grow
Box), under the following growing conditions: the artificial
lighting produced by cool fluorescent tubes with a 12-hour
photoperiod; the relative humidity of 50 to 65 %; the air tem-
perature was from 20 °C to 23 °C, while the substrate was
kept moist and its temperature was 23±2 °C. Monitoring of
the air temperature and relative humidity in the Grow Box
was provided by the use of HAXO-8 Data logger.

2.2. Hardening-off process and overwintering of the pot
plants in the greenhouse

With the emergence and development of the first true leaves,
by the end of October 2020, the 3 weeks long hardening-off
process (adaptation) began, as recommended by Davies et al.
(2017). Then the containers were taken outside the Grow box
and left inside the laboratory, and they were occasionally taken
outside in order to ensure adaptation of seedlings to natural
light irradiance, lower air temperatures, and reduced relative
air humidity. The plants were watered with tap water. At
the end of the adaptation process, in mid-November 2020,
the containers were transferred to a greenhouse where the
plants were transplanted into plastic pots filled with 0.83 L
peat transplanting substrate (Cultivo I SF) of following char-
acteristics provided by the manufacturer: structure 0 - 6 mm,
fertilizer NPK 18:10:20+Mg+me -1 kg/m3, RADIGEN®- Jost
GmbH (slow-release micronutrient)-50 g/m3, hydrogel (wet-
ting agent)-1 kg/m3. The pots with plants were placed on a
heating mat under which was 1 mm thick black “agrotextil”
film covering the greenhouse ground. During the winter pe-
riod, the plants used to be regularly watered every third day.
In the greenhouse, the air temperature ranged from 10 to 13
°C and relative humidity was about 65 %. Monitoring of the
air temperature and relative humidity in the greenhouse was
provided by the use of BL30 Data logger.

2.3. Plant growth outdoors
At the beginning of April 2021, the potted plants were taken
out outdoors and placed on black “agrotextil” film covering
a 3 m2 area (90 pots) and they were irrigated with tap water
using a drip irrigation system with a flow rate of 1 liter per
hour for each pot. Irrigation was applied every two days for
60 min.

2.4. Treatments and monitored parameters
At the beginning of the flowering phase, the produced plants
were taken back to the laboratory. To study how water stress

affects plants’ morphological traits and leaf essential oil con-
tent, the plants were separated into three groups (A, B, C),
with 30 pots in each group (30 pots stand for m2 of the surface
area). Two weeks prior to harvesting, the plants from each
group were submitted to the different levels of water deficit as
follows: in treatment A the plants were not submitted to water
deficit, i.e., they have been watered regularly for two weeks
(control), in the treatment B the plants have been watered regu-
larly for 7 days and then left without water for 7 days, while in
the treatment C the plants have been left without water for 14
days. During the entire treatment period (two weeks) the air
temperature in the laboratory was 22 °C and relative humidity
43 %, which has been monitored using HAXO-8 Data logger.

2.4.1. Morphological parameters and harvest

When the two-week treatment period was completed, the
plants from each treatment (A, B, C) were subjected to the
following measurements of morphological parameters: plant
height (cm), number of branches, and internode length (cm).
Then, the aboveground parts of the plants were harvested
and their fresh and absolute dry mass was measured and
expressed as g/plant. Leaf and stem ratio was also determined
(g/plant).

2.4.2. Extraction of essential oil

The air-dried leaves of lemon balm have been submitted to
distillation for 2 h in a Clevenger type apparatus, according to
the procedure I, explained in the Ph. Jug. IV (1984). In short,
for determination of the content of essential oil from the plants
in each treatment (A, B, C), 100 g of their air-dry leaves were
sampled and placed in a round bottom flask filled with 400
mL of tap water. The extractions were done in triplicates.

2.4.3. Statistical analysis

All measurements in the study have been done in triplicate.
The obtained data were analyzed by analysis of variance
(ANOVA) using STATISTICA 7.0 software. Multiple com-
parisons of treatments were performed by using Duncan’s test
to detect significant differences between the arithmetic means
(P<0.05).

3. RESULTS AND DISCUSSION

The results presented in Table 1, show that due to a lack of
water, induced water stress significantly affected the yield of
the aboveground plant part, including the leaf and the stem
yields, the number of branches, plant height, and length of
internodes, but also the content of leaf essential oil, in both
treatments, compared to control. The highest yield of the
aboveground part was obtained in treatment A (40.13 ± 5.62),
which the same way affected the leaf and the stem yield, the
number of branches, plant height, and the length of internodes
(22.5 ± 3.15, 17.63 ± 2.12, 13.67 ± 2.19, 65.5 ± 9.17 and 4.21 ±
0.63, respectively). The highest content of essential oil was
recorded in treatment C (0.59 ± 0.03 %) while in treatments
A and B, the contents were lower (0.44 ± 0.02 and 0.49 ± 0.02,
respectively).
Based on the results of this research, it can be concluded that
water stress had a positive effect on leaf essential oil content
but it negatively affected the yield of the aboveground plant
part and the morphological characteristics. Our results are
consistent with that of Bazzazi et al. (2013) which stated that
the Trigonella foenum-graecum plants use to reduce growth and
yield under unfavorable environmental influences. The same
study confirmed that the induced water stress reduced the
yield of the aboveground plant part by 43 %, also affecting
the plants’ height. Negative effects were observed on quan-
titative and qualitative characteristics of Coriandrum sativum
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Table 1. Essential oil yield, different plant parts dry mass yield and morphometric parameters of the lemon balm (Melissa officinalis L.) plants culti-
vated in pots with different water regimes as treatments

Treatment Essential oil
contenta

Dry mass of
the above-

ground part

Dry mass of
the leaf

Dry mass of
the stem

Number of
branches Plant height Internode

lengths

[%] [g/plant] [g/plant] [g/plant] [cm] [cm]

A, control treatment 0.44±0.02 c 40.13±5.62 a 22.5±3.15 a 17.63±2.12 a 13.67±2.19 a 65.5±9.17 a 4.21±0.63 a

B, water stress (7 days) 0.49±0.02 b 25.81±3.10 b 15.72±1.85 b 10.09±1.31 b 11.33±1.93 b 56.5±9.04 b 3.45±0.59 b

C, water stress (14 days) 0.59±0.03 a 18.80±2.45 c 10.40±1.66 c 9.39±1.41 c 9.33±1.77 c 48.9±7.82 c 3.35±0.54 b
a Results are expressed as a mean value ± SD (n=3). The mean values in the table in the same column marked with the same letters do not differ statistically significantly at the
level of significance (P<0.05)

plants (Farahani et al., 2008); water stress decreased the above-
ground plant yield (biological yield), plant height and length
of internodes. In our study, in comparison to control (A), the
mass of the aboveground plant part after 7 days (B) and 14
days of water stress was reduced by 35.68 % and by 53.15 %,
respectively. The average water loss from the leaves following
the potted plants exposure to 7- and 14-days long water stress
in comparison to control decreased by 30.13 % and 53.78 %,
respectively.
In their study, Farahani et al. (2008) revealed that the content
of essential oil in C. sativum proved to be the highest under
the longest water stress conditions, which is in agreement
with our results. Water stress induced for 7- and 14-days prior
to the harvest of lemon balm pot plants revealed increased
content of essential oil in their leaves by 11.36 % and 34.09 %,
respectively, compared to control (A).
Comparison of results from our study with results of Farahani
et al. (2009) revealed that in both studies water stress had simi-
lar effect on the content of lemon balm essential oil, though in
our study the increase was much higher. Apart to the content,
Farahani et al. (2009) also reported that the stress induced
by water deficit significantly affected many other measured
properties of lemon balm plants; the highest biological yield
(6047 kg/ha), plant height (61.51 cm), leaf yield (3447 kg/ha),
stem yield (2600 kg/ha), and internodes length (5.17 cm) were
achieved under 80 % water field capacity, which is comparable
to the control pot treatment (A) in our study, while the highest
content of the essential oil (0.30 %) was obtained at 20 % water
field capacity which is comparable to treatment C (0.59 %)
in our study. Khalid (2006) described the influence of water
stress on vegetative growth and essential oil contents of Oci-
mum basilicum L. and O. americanum L., where due to drought
the dry masses of both plants were lower (279 g/plant and
427 g/plant, respectively) than that in control (554 g/plant
and 730 g/plant, respectively). The oil content in O. basilicum
grown under the drought conditions was higher (0.38 %) than
that in non-stress conditions (0.33 %), and similar was also
observed in O. americanum (0.30 % compared to 0.25 %), both
implying the drought conditions cause a decrease in biomass
yield, not necessarily accompanied by a decrease in the essen-
tial oil content. Therefore, it is often the case that in yields
reduced due to a stress factor, the percentage of secondary
metabolites in relation to the reduced biomass yield increases,
which is in consistence to results obtained in our study (Table
1). Baher et al. (2002) investigated the influence of soil water
stress on plant height, dry weight, and essential oil content in
Satureja hortensis L, where the higher water stress decreased
plant height (43.33 ± 2.90 cm) and its dry mass (34.23 ± 3.00
g/plant) compared to plants grown in non-stress conditions
(62.75 ± 5.90 cm and 68.84 ± 0.90 g/plant, respectively). Sim-
ilar effects on the same parameters were also observed in

our study. The accumulation of S. hortensis essential oil in
the study of Baher et al. (2002) increased significantly under
severe water stress at the flowering stage, and the contents
varied from 1.75 ± 0.02 % in non-stress conditions to 2.30 ± 0.01
% in severe water stress treatment. This is consistent with our
results, as the essential oil in leaves of M. officinalis varied from
0.44 ± 0.02 % in non-stress conditions to 0.59 ± 0.03 in extreme
water stress conditions (Table 1). In their studies, Fatima et al.
(1999) and Singh-Sangwan et al. (1994) found that water stress
decreased plant height in various Cymbopogon sp. cultivars,
Mirzaie et al. (2020) confirmed that in Cymbopogon citratus it
caused an increase of essential oil yield and leaf anatomical
structure alterations (glandular trichomes and stomatal size
and density), while Simon et al. (1992) also reported for Oci-
mum basillicum significant increase of the essential oil content.
The increase of essential oil content in plants grown under
water stress conditions Nilsen and Orcutt (1996) attributed to
stress-induced physiological disorder that happen during a
photosynthetic phase, in which a decrease in CO2 absorption
and high energy expenditure with less production of primary
metabolites is required for further growth and development.

In the study of Mrlianová et al. (2001) yield of essential oil
of lemon balm cultivated in 17 different regions of Europe
ranged from 0.06 % to 0.16 %. However, Moqbeli et al. (2011)
implied that growing conditions including the type of soil
used in production of lemon balm may have a great influence
on content of essential oil, which in their study ranged from
0.20 to 0.68 %. Similar to our study, Sharafzadeh et al. (2011)
studied production of lemon balm in greenhouse conditions,
and reported increased content of its leaf essential oil (0.36
%). Bearing in mind that in our research lemon balm plants
were grown in greenhouse conditions as a pot culture, we
agree with the previous statements that production method,
growing conditions and the type of soil may impact essential
oil content. In addition, there is dependence of essential oil
content and leaf position, the highest being observed in the
physiologically most active, younger leaves; this was observed
not only in case of lemon balm (Adzet et al., 1992) but also in
lemongrass, another source of citral-rich essential oil (Singh
et al., 1989). In study of Adzet et al. (1992), in the youngest
leaves of lemon balm plants, the content of essential oil was
more than 0.1 % higher than in mature ones. Also, the highest
content of the oil (0.4 %) was recorded in leaves harvested
in September. Apart to this, the authors also proposed care-
ful treatment of lemon balm leaves. In our study, the plants
were young, it was the first harvest and the harvest was also
late (September) and the leaves were collected with minimal
manipulation, just prior to distillation procedure.
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CONCLUSION

This study showed that lemon balm grown as a pot culture in
non-heated greenhouse conditions regularly watered during
production period but exposed to water stress prior to harvest,
showed the increased content of essential oil; the drought
conditions caused a decrease in plants biomass which further
resulted in higher leaf oil content. Therefore, if the potted
lemon balm is grown for its essential oil, 7 to 14 days long
abstinence from irrigation prior to harvest is advised as higher
oil content could be expected (11.36 - 34.09 %). On the other
hand, if the potted lemon balm is grown for its herb, water
stress should be avoided as with regular drip irrigation the
herb yield is comparable to that from the conventional field
production.
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