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This study analyzed the potential of producingMelissa officinalis L. using stem cuttings. Four different hormones (IAA, IBA, NAA,
and GA3) were applied to the cuttings, with and without buds, in two doses (1000mg/L and 5000mg/L), and after 60 days, 10
morphological characteristics of newly generated plants were detected, and a statistical analysis was carried out. The results of
the study show that the cuttings with at least one bud must be used in order to produce M. officinalis using stem cuttings. Even
though the auxin group hormones (IAA, IBA, and NAA) do not have an apparent effect on rooting percentage, these hormones
were detected to affect the morphological characteristics of the newly generated plants, especially root generation. GA3 application
has a considerable effect on stem height.

1. Introduction

Lemon balm (Melissa officinalis L.) belongs to the family
Lamiaceae and grows widely in central and southern Europe
and in Asia minor [1]. It is also found in tropical countries
(Brazil) where it is popularly known as erva-cidreira andMel-
issa [2]. It is an aromatic (lemony) perennial herb, up to about
1m high. Parts mostly used are dried leaves, often having
flowering tops [3].

Green lemon aromatized leaves of this plant are used as
fresh leaves, as well as in their dried form in salads, sauces,
soups, with vegetables and meat, and in desserts. This plant
is used in brewing certain alcoholic drinks and liquors and is
consumed as an herbal tea. It is also used as an ornamental
plant and as a border plant, particularly in gardens [4].

M. officinalis has been used in a variety of practical appli-
cations inmedical science.The leaves contain volatile oils [5].
The leaf also contains polyphenolic compounds: caffeic acid
derivatives in large proportions, such as rosmarinic acid, tri-
meric compounds, and some flavonoids [6].

M. officinalis canmodulate a number of behavioral meas-
ures, with indications including administration as a mild

sedative, in disturbed sleep, and in the attenuation of the
symptoms of nervous disorders, including the reduction of
excitability, anxiety, and stress [7]. M. officinalis extracts can
attenuate the subjective effects of laboratory-induced stress
[8]. It can be a useful herbal medicine for the treatment of
gastrointestinal spasms [9]. M. officinalis L. has an antispas-
modic and antimeteoric activity, as previously shown in ani-
mals and humans [10]. Schnitzler et al. [11] reported that M.
officinalis oil might be suitable for topical treatment of her-
petic infections. It has acetylcholine receptor activity in the
central nervous system, with both nicotinic and muscarinic
binding properties [12].

M. officinalis is predominantly sold in combination with
other herbs, with, as an illustration, 49 products containing
lemon balm in theGerman pharmaceutical industry’s current
“Rote Liste” (2001) drug catalogue [13]. From its Moorish
introduction into Spain in the seventh century, its cultivation
and use spread throughout Europe by the middle ages [13]. It
is cultivated throughout the world because of its culinary
properties [1].

Due to its economic importance, this plant is produced
in large fields in several European countries such as France,
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Germany, Bulgaria, and Romania as well as in North Amer-
ica. Even though the lemon balm plant naturally spreads on
the flora of our country, its agriculture level is not satisfactory,
and occasionally it is collected fromnature and exported [14].

A significant amount of the lemon balm that is widely
used in Turkey is collected from the natural flora. This
includes cultivation of lemon balm, which has a very high
economic importance and will prevent the excessive and
senseless destruction of natural flora, at least to a certain
extent. In this study, the potential of producingM. officinalis
L. using stem cuttings was analyzed. For this purpose, four
different hormones were applied to the stem cuttings in two
doses, and the effect of nine applications, together with the
control group, on 10 morphological characteristics was ana-
lyzed.

2. Materials and Methods

M. officinalis cuttings used in this research were collected
from the Daday district of the province of Kastamonu in Tur-
key.The cuttings were collected on September 8, moisturized,
and stored in germination turf. The applications on the cut-
tings brought to the laboratorywere carried out on September
9, as explained hereinafter.

(a) Two-thirds of the 3 × 3 × 15 cm polyethylene tubes
were filledwithKlasmann germination turf in the lab-
oratory.

(b) The cuttings were cut to 2.5 cm long pieces using ster-
ile lancets and grouped as cuttings with and without
buds.

(c) Solutions of four different hormones in two different
doses (1000mg/L and 5000mg/L) were applied to
the cuttings, respectively, and nine application groups
were created, consisting of eight hormone application
groups and a control group. The applications were
carried out by imbruing the cuttings in hormone for
4 to 5 minutes. This application was composed of 3
replications and 15 cuttings in each replicate (15 cut-
tings with buds, and 15 cuttings without buds). Five
cuttings were placed in each tubewithout any contact,
covered with approximately 2 cm germination turf,
and moisturized immediately.

(d) These tubes were placed in boxes with holes at room
temperature (20–25∘C), did not receive direct sun
light, andwerewatered two times a day for 60 days. As
the turf reached the saturation point, no water accu-
mulation was generated, as the tubes and the boxes
the tubes were placed in contained holes, and the sur-
plus water was released.

(e) Measurements were carried out on November 8,
which is the 60th day of the procedure. The turf in
the tubes was poured on a laboratory bench, the roots
were cautiously cleaned, and the number of the roots
was defined.The average length of the roots was mea-
sured using a digital microcompass. After this pro-
cedure, stems and leaves were measured. All of these

measurements were carried out using a digital micro-
compass with 0.01mm precision, and the results were
entered in a table. Ten morphological characteristics
for each cutting were defined at the end of the study,
including rooting percentage (RP), stem length (SL),
stem length without branch (SLB), diameter (SD),
number of leaves (LN), length of leaves (LL), size of
leaf blade (LS), width of leaf blade (LW), number of
roots (RN), and length of root (RL).

Variance analysis was applied on the data, using the
SPSS 17.0 package program. The Duncan test was applied for
the characteristics with at least 95% level of statistical reliance,
and as a result, homogenous groups were acquired and inte-
rpreted.

3. Results

At the end of the study, no new stem was formed in the stem
cuttings without buds. This result implies that the cuttings
with buds must be used while producing Melisa officinalis
with stem cuttings. Hormone applications in different doses
affect the germination percentages, as well as the characteris-
tics of the germinated individuals, at different levels.The data
acquired with the results of the study, the results of variance
analysis applied on these data, and the Duncan test are given
in Table 1.

When the values stated in the table are analyzed, no
germination is observed in the IAA hormone at a 5000mg/L
dose. The highest germination percentage values were
acquired with 1000mg/L IAA and 1000mg/L GA3 hormone
applications. The values acquired as a result of these applica-
tions are higher than the germination values acquired in the
control group; however, according to the results of the Dun-
can test, these values are in the same homogenous group with
the control group. According to the results of theDuncan test,
the first homogenous group is composed of the application
in which no germination was observed; 1000mg/L IAA and
1000mg/L GA3 applications together with the control group
are included only in the second homogenous group, and
the other applications were included in both homogenous
groups.

According to the values stated in the table, significant
differences with a 95% statistical reliance level arose between
the applications; however, the statistical reliance level of the
differences arose in accordance with the other characteris-
tics was 99.9%. This result indicates that even though the
hormone applications did not reveal the expected effect on
germination percentage, they have a considerable effect on
other characteristics.

When the values stated in the table are analyzed, it is
observed that the longest seedlings with 81.72 stem length
without branches and 96.75 total stem length were produced
with the 5000mg/L GA3 application.The seedlings produced
in the control group have 55.57 total length and 30.12 stem
length without branches. In this case, the length of the
5000mg/L GA3 seedlings is 2.71 times greater than the con-
trol group in terms of stem length without branches and 74%
greater in total length. Similarly, the length of 1000mg/LGA3
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Table 1: Mean values of characters, results of variance analysis, and the Duncan test.

Hormone Dose RP SL SLB SD LN LL LS LW RN RL
IAA 1000 44,0b 41,55a 16,56a 1,03b 5,00b 21,55de 12,27abc 16,45cd 3,0bc 10,74ab

IAA 5000 0a

IBA 1000 17,2ab 60,71bc 37,46bc 1,07b 6,00b 10,02a 20,49e 19,27d 4,0d 54,02e

IBA 5000 8,0ab 52,83ab 32,71bc 1,18c 6,00b 27,38f 17,22de 19,23d 5,5e 21,35cd

NAA 1000 14,6ab 60,93bc 41,40c 0,79a 6,00b 16,81bcd 13,39bc 14,02bc 3,0bc 15,92abcd

NAA 5000 8,0ab 62,52ab 51,36cd 0,85a 3,44a 15,43bc 10,83a 10,66a 3,0cd 22,49d

GA3 1000 42,6b 76,42c 56,47d 0,83a 3,75a 14,49ab 10,86ab 10,30ab 2,0a 18,26bcd

GA3 5000 14,6ab 96,75d 81,72e 0,89a 5,50b 23,10ef 14,64cd 12,65abc 4,0d 13,81abc

Control 0 41,2b 55,57ab 30,12ab 0,93b 6,00b 18,84cde 13,18bc 13,31abc 2,67ab 10,32a

F values 1,993 12,09 25,617 17,471 9,316 11,898 9,865 8,77 35,778 23,273
Significant 0,044 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000

applied seedlings is 87% greater than that of the seedlings in
the control group, in terms of stem length without branches,
and 38% greater in total length. However, the seedlings
produced as a result of other applications are either shorter
than the control group or included in the same homogenous
groups with the control group according to the result of the
Duncan test.

The highest values of seedling diameter and number of
leaves were acquired with the 5000mg/L IBA application;
however, one of the greatest values of the number of leaves
was obtained in the control group. As a result, it can be con-
cluded that the hormone applications do not have a positive
effect, especially on the number of leaves.

When the effect of hormone applications on the leaf size is
analyzed, it is observed that the IBA applications have a high
effect on the leaf size and width. It was observed that the
leaves exposed to the 1000mg/L IBA application are 55%
longer and 45% wider compared to the control group. The
leaves exposed to the 5000mg/L IBA application are 31%
longer and 44% wider than the control group. It is observed
that the 5000mg/L IBA application is highly effective in terms
of total leaf size.The leaves produced in the control group are
18.84mm, while this figure is 27.38mm in the 5000mg/L IBA
application and 23.1mm in the 5000mg/L GA3 application,
which is highly effective in terms of increase in length of the
seedlings.

Even though the stem length is an important indicator
of the sapling quality, root/stem ratio is very important for
a healthy sapling. The saplings that can generate hairy roots
are generally accepted to be healthier, and the saplings that
can generate taproot in a short span of time reach ground
water more easily in the natural environment, and thus, their
chance of survival increases.

Accordingly, root generation is one of themost important
sapling quality indicators. According to the results of the
study, the saplings in the control group developed 2.67 roots
with an average length of 10.32, while the saplings receiv-
ing the 1000mg/L IBA application developed 4 roots with
an average length of 54.02. The saplings that received the
5000mg/L IBA application had 5.5 roots with an average
length of 21.35.The saplings that received the 5000mg/L GA3
application developed 4 roots with an average length of 13.81.

The results of the study show that the hormone applica-
tions have a great effect on root development. The fact that
only the number of roots of the seedlings developed with the
1000mg/L GA3 application is lower than that of the control
group, while all of the applications developed longer roots
compared to the control group, and the roots of the saplings
developed with the 1000mg/L IBA application are more than
five times longer than those of the control group indicates
that the hormone applications have a great effect on root
development.

4. Discussion

The results of the study demonstrate that cuttings with at least
one budmust be used in order to produceM. officinalis using
stem cuttings. No rooting developed in the stem cuttings
without buds.

The results of the applications show that the auxin group
of hormones (IAA, IBA, and NAA), the subject of this study,
do not have an apparent effect on rooting rate but do have
an effect on the morphological characteristics of newly gen-
erated plants. Root development in particular reached signif-
icantly different values in the plants that received the auxin
group of hormones.

The process of adventitious root formation is influenced
by a number of internal and external factors. Among the
internal factors, the most important role is ascribed to
phytohormones, especially the auxins. It is generally accepted
that auxins have a certain role in the rooting initiation [15].
Auxins control growth and development in plants, including
lateral root initiation and root gravity response. Many studies
have shown that exogenous application of auxins results
in increased initiation of lateral roots and that lateral root
development is highly dependent on auxin and auxin trans-
port [16].

The effects of auxin group of hormones on rooting and
plant development have been discussed in several studies.
Alvarez et al. [17] analyzed the effectiveness of IAA and IBA in
Malus pumila; Štefančič et al. [15] studied the effectiveness of
IAA and IBA in Prunus spp. as well as IBA and NAA in Pseu-
dotsuga menziesii; Hossain et al. [18] analyzed the effective-
ness of IBA in Swietenia macrophylla and Chukrasia velutina;
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Hussain and Khan [19] analyzed the effectiveness of IAA and
IBA in Rosa species; Ozel et al. [20] analyzed the effectiveness
of IAA andNAA inCentaurea tchihatcheffii; Chhun et al. [16]
researched the effectiveness of IAA, IBA, and NAA in Oryza
sativa; De Klerk et al. [21] analyzed the effectiveness of IAA,
IBA, andNAA inMalus; Martin [22] studied the effectiveness
of IBA in Holostemma ada-kodien; Nordström et al. [23]
researched the effectiveness of IAA and IBA in Pisum
sativum; Tchoundjeu et al. [24] analyzed the effectiveness of
IBA in Prunus Africana; Swamy et al. [25] studied the effec-
tiveness of IBA and NAA in both Robinia pseudoacacia and
Grewia optiva. The studies show that, in general, the auxin
group of hormones has an effect on rooting. This result is in
conformity with the results of this study.

Gibberellins are in the third place with a 17% share among
themost commonly used herbal hormoneswithin the natural
plant growth regulators. Commercially the most common
gibberellin is GA3, and it is used to increase the length of the
plant or to enhance plant yield [26]. The results of the study
reveal that the length of seedlings receiving the 5000mg/L
GA3 application is 2.71 times greater than that of the control
group in terms of stem length without branches and 74%
greater in total length. This result is also in compliance with
the literature results.

Effect of GA3 on rooting was also analyzed in several
studies.The efficiency of GA3 on Prunus avium L. and Prunus
mahaleb was analyzed by Hepaksoy [27], by Aygün and
Dumanoğlu [28] on Cydonia oblonga, by Coşge et al. [29] on
Capparis ovata and Capparis spinosa, and by Selby et al. [30]
on Picea sitchensis. However, no apparent GA3 efficiency on
rooting was detected in several species.
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