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ARTICLE INFO ABSTRACT

Keywords: Background: The cyanobacteria isolated and purified from soil can increase plant

Bioelicitor growth and productivity as bioelicitors. Objective: This study aimed was to investigate

Cyanobacteria the effect of cyanobacteria as a bioelicitor on the production efficiency and essential oil

IE/Isse?r:iall oil composition of Mentha longifolia L. Methods: Two species of heterocystous
entho

cyanobacteria, Anabaena vaginicola 1SB42 and Nostoc spongiaeforme ISB65, were
used as bioelicitors to optimize the growth and productivity of Mentha longifolia L. Five
pots were considered for each treatment and five others for the control plants. Treatment
lasted for 100 days, and the treated plants were irrigated with 200 ml of cyanobacterial
suspensions (0.2 %) every 21 days intervals. The experiment was performed in a
randomized complete block design in an experimental greenhouse condition. After
inoculation of treated plants with cyanobacterial bioelicitors, the vegetative factors,
including shoot and root length, leaf area, as well as fresh and dry weight of plants were
evaluated. In addition to growth factors, analyses of essential oils in studied plants were
performed. Results: The results showed significant improvement in vegetative growth
indices of the treated plants. Also, some economic and medicinal metabolites such as
menthol, eucalyptol and phytol were increased in the essential oil of treated plants. The
results also showed a significant increase in sesquiterpene hydrocarbons and oxygenated
diterpenes in plants treated with cyanobacteria compared to controls. Conclusion: So,
the use of cyanobacterial bioelicitors can be suitable to increase the yield as well as the
economic and medicinal value of this medicinal plant.

Mentha longifolia L.

1. Introduction economic and medicinal value. There are several
The genus Mentha commonly known as mint  species of Mentha were reported from Iran while
is a member of Lamiaceae family and has some species were cultivated due to their
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economic importance [1-3]. Mentha longofolia
L. is one of the species of this genus with natural
growth in Iran which has been known for its
pharmacological activities such as antimicrobial,
anti-viral, anti-inflammatory, antioxidant and
antimutagenic effects [4, 5]. The anti-parasitic
and anti-insect properties are other activities,
which have been reported from this aromatic
plant [6, 7].

The unique content of essential oil in different
types of mint and their valuable metabolites such
as menthol are the main reasons for their
commercial cultivation [8-10]. Due to the
economic and industrial value of this genus and
specific metabolites that can be extracted from
mint species, attempts have been made to
optimize plant production efficiency per unit area
of cultivation. One of the new methods to raise
the plant secondary metabolites content is the use
of elicitors. The direct and indirect effects of
elicitors on plant metabolic pathways can
amplify the production of some secondary
metabolites and could serve as a defense
mechanism for the plant [11]. For example, some
studies suggest the use of biotic elicitors such as
Rhizopus stolonifer  Vuillemin, Trametes
versicolor (L.) Lloyd and Mucor sp. significantly
increases the amount of a-tocopherol in the cell
culture of Carthamus tinctorius L. [12]. Another
study indicated that inoculation of the Mentha
piperita L. with arbuscular mycorrhizal fungi
have positive effects on plant secondary
metabolites, and can be improved the quantity
and quality of active substances [13].

Today, various bioelicitors are used to
optimize plant production. Many
microorganisms in the plant rhizosphere such as
cyanobacteria can act as bioelicitor and affect
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plant metabolic pathways. Cyanobacteria are the
oldest group of algae and morphologically are
known as a diverse group of prokaryotes [14].
These microorganisms are useful in agricultural
industries because of their capacity to produce
plant growth stimulants including hormonal and
non-hormonal substances [15-17].
Cyanobacteria also can affect the Physico-
chemical properties of the soil, and the
accumulation of their biomass in surface soils
reduces soil erosion, improves soil texture and
regulates soil acidity [18, 19].

In the last decade, the use of cyanobacteria as
a biofertilizer to improve the quantity and quality
of medicinal plants product has been considered
[20-24]. The results of these studies showed a
relative improvement in growth indices and the
essential oil percentage in plants treated with
cyanobacteria compared to controls. For
example, a 1.5-fold increase in phenolic and
flavonoid content of Plantago leaves, as well as
26.9 % increase in the chamazulene content of
the Matricaria essential oil in plants treated with
cyanobacteria were reported in previous studies
[21, 22].

Considering the great economic value of
different species of Mentha, it is essential to
develop efficient and safe methods to optimize
the production of these plants. Therefore, this
study was conducted to investigate the effect of
native cyanobacteria as a bioelicitors on the
production efficiency of M. longifloia L. as
common and economic medicinal plant in Iran.
Additionally, the quantitative and qualitative
changes in the essential oil compounds of this
plant were analyzed under treatment
conditions.
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2. Materials and Methods
2.1. Isolation, purification and identification of
cyanobacteria

Soil samples for isolation of cyanobacteria
were collected from several medicinal plant
fields (lran, Mazandaran Province). The
purification of the cyanobacteria was done
through repeated sub culturing the colonies on
the nitrate free BG11 solid medium [25]. The
cyanobacteria were cultured under controlled
laboratory  conditions or artificial light
illumination (74 pmol photons/m?.s), with a
16/8-hour light-dark cycle, and 25 = 2 °C
temperature. Finally, purified taxa were
identified by optical microscope (Olympus,
Model BH-2), and based on valid identification
key books [26]. For molecular determination of
the isolates, 16S rRNA gene sequencing was
performed.

2.2. Cyanobacterial suspension preparation
Algal suspensions of two isolated and purified

species, Anabaeana vaginicola 1SB42 and
Nostoc spongiaeforme ISB65, were prepared
through homogenizing 0.2 g of cyanobacterial
biomass after four weeks of culturing, in 200 ml
of sterilized distilled water.

2.3. Pot culture and growing condition
Rhizomes of M. longifolia were obtained from
Institute of Medicinal Plants (ACECR). The
plants were previously collected and identified by
Dr. Ghorbani Nohooji as expert botanist (VVoucher
specimen: 7021-IMPH). Similar and healthy
rhizomes (15 for each treatment) were grown in
three-liter pots containing 60 % peat, 25 % sand,
and 15 % normal soil, for 100 days during April-
July. The experiment was performed in a
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randomized complete block design in an
experimental  greenhouse  condition.  For
experimental treatment, 200 ml of cyanobacterial
suspensions (0.2 g biomass in 100 ml distilled
water) were added to each treated pot on the first
day of planting and every 21 days thereafter. The
control plants irrigated only with water.

2.4. Measurement of growth parameters
After 100 days of pot culture and inoculation

of plants with cyanobacteria, treated and
controlled plants were harvested and the root and
aerial parts of them were separated. The
parameters employed to assay for plant growth
rates are as follows: root and shoot height (cm),
fresh and dry weight of root and aerial parts of
plants (g), number of leaves, leaf area (cm?), and
stem ramification. The vegetative dimensions of
the leaves were determined using imagel
software (version 1.44P; US National Institutes
of Health, Bethesda, Maryland, USA). The wet
and dry weight of roots and aerial parts of plant
was also measured with a 0.001 g accuracy
digital scale (Sartorius, Germany). Dry weight of
plants was measured after placing roots and
aerial parts in the oven at 70 °C for 24 hours.

2.5. Essential oil extraction and GC-MS analysis
The mass of plant was transferred to a dark

room away from moisture and completely dried
by exposure to ambient air. Then they were
turned into a fine powder by the mill and used for
the next steps. According to the European
Pharmacopoeia method, 100 g of dried biomass
of plants (aerial parts at flowering stage) were
hydro-distilled for 3 h using a clevenger-type
apparatus to extract the essential oils (EOs) of
each treatment [27, 28]. Essential oil yields were
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calculated using the following equation:
ROu = (M/Bm) x 100, where (M) is the mass of
the extracted oil (g) and (Bm) is the initial plant
biomass (g) [29]. The extracted EOs were dried
using anhydrous sodium sulfate and stored in
sealed vials at 4°C before gas chromatography
(GC) and gas chromatography-mass
spectrometric (GC-MS) analysis.

The GC-MS analyses were carried out in
medicinal plants analysis and processing service
center in Institute of Medicinal Plants (ACECR)
to determine the different components of the
volatile oils. The essential oils were analyzed by
a gas chromatograph coupled with a mass
spectrophotometer (GC-MS) (Agilent
technologies 6890A), equipped with 5973 C
mass selective detector and a BPX5 column of 30
m x 0.25 mm i.d., 0.25 pum film, using Helium
gas as the carrier gas with a flow rate of 1 ml/min
and split ratio of 1:50. Oven temperature was
programmed to remain at 50° C for 5 min,
followed by an increase at a rate of 3 °C/min until
240 °C was reached, and after that programmed
at 15 °C/min until reaching 300 °C, maintaining
this temperature for 3 min; The injector and
detector temperature were maintained at 250 °C
and 220 °C, respectively. Compounds were
identified by comparing retention indices (RI)
with those reported in the literature and their
mass spectrum with Wiley library [30, 31].

2.6. Statistical analysis

One-way ANOVA statistical analysis was
performed employing SPSS software version 16
(Package forthe Social Sciences, SPSS Inc.,
Chicago IL, USA). Means were separated using
the Tukey HSD test at P <0.05. Microsoft Office
Excel 2007 was also used to draw the graphs.
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3. Results
3.1. Plant growth parameters and cyanobacteria
inoculation

In this study, two heterocystous cyanobacteria
from two genera were isolated from medicinal
plants bed soil and applied as bioelicitors.
According to the results, there was a significant
growth difference between treated and the
control plants. In other words, two strains of
cyanobacteria including Nostoc spongiaeforme
ISB65 and Anabaena vaginicola 1SB42,
enhanced some growth parameters in roots and
aerial parts of plants as compared with control
(Table 1 and Fig. 1).

This increase was significant in growth
parameters including the length of roots and
shoots, as well as number of leaves. The fresh
and dry weight of treated plants were also
significantly higher than plants irrigated with
water alone (P < 0.05; Fig. 1, Table 1). Leaf area
of plants treated with Anabaena vaginicola
ISB42 was also significantly increased as
compared with controls.

3.2. Essential oil composition

The GC/MS analysis of essential oil
composition showed a quantitative and
qualitative variation of metabolites in EOs of
cyanobacterial treatments and control plants
(Table 2, Fig. 2). The results show that the
quantity of some metabolites such as menthol
increased in response to both cyanobacterial
suspensions, especially in plants treated with
Anabaena vaginicola ISB42. In addition to a
significant increase in menthol, a 2.7-fold
increase in eucalyptol, and a 13-fold increase in
phytol was reported in Anabaena vaginicola
treated plants. Also, an 8-fold increase in phytol,
and 1.6-fold increase in eucalyptol in Nostoc
spongiaeforme treated plants were reported in
our study.
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On the other hand, the amount of some
phytochemical constituents such as pulegone,
piperitenone and piperitenone oxide decreased in
treated plants. For example, piperitenone amount
decreased from 14 % in control plants to 3.5 %
and 3.77 % in Anabaena and Nostoc treated

Z. Shariatmadari, et al

plants  respectively. The reduction of
piperitenone oxide content from 51.87 % in
control plants to 33.89 % and 10.61 % in
Anabaena and Nostoc treated plants was reported
in this study. The amount of pulegone in the
treated plants also decreased significantly.

Table 1. Effect of cyanobacterial bioelicitors (Anabaena vaginicola 1ISB42, Nostoc spongiaeforme 1SB65) on growth of
Mentha longifolia after 100 days of planting (Mean + SE)

Treatment
Parameters
Control Anabaena vaginicola Nostoc spongiaeforme

Root length (cm) 20.33+3.75 35.66 + 2.96* 35.00 + 2.88*
Shoot length (cm) 15.66 £ 2.33 27.66 = 0.88* 27.33 £ 1.45*
Leaf number 18.66 + 1.76 34.00 + 2.30* 50.00 + 1.76*
Fresh weight of stem and leaf (g) 1.31+£0.06 2.40 £ 0.36* 2.23+£0.24*
Dry weight of stem and leaf (g) 0.42+0.01 0.80 + 0.02* 0.76 £ 0.07*
Fresh weight of root () 1.35+0.13 3.65+0.47* 3.70 £ 0.35*
Dry weight of root (g) 0.50 + 0.01 1.05 + 0.04* 0.99 + 0.06*
Leaf area (cm?) 1.01+£0.26 2.16 £ 0.16* 1.45+0.05
Ramification (no.) 3.00 £0.00 4.66 £ 0.66 5.00 £ 0.57

* Significant at the 0.05 level

Fig. 1. Comparison between control and treated plants in growth parameters. Treatment conditions: 0.2 % algal
suspensions were sprayed on soil of treated pots, 0. Plant irrigated by distilled water (Control plant), 1. Plant treated by
Anabaena vaginicola ISB42 suspension, 2. Plant treated by Nostoc spongiaeforme 1SB65 suspension (bar =5 cm).
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Table 2. Effects of cyanobacterial bioelicitors on essential oil components (%) in Mentha longifolia (Mean + SE).

. Treatment
No Components Compound Type RI (iligt;xr;tlon Control Ana_lbgena Nostoc
vaginicola spongiaeforme
1 Myrcene MH 993 0.49 - -
2 Limonene MH 1033 0.38 - -
3 Eucalyptol oM 1038 1.50 4.02 2.38
4 cis-Sabinene hydrate oM 1077 0.28 - -
5  Linalool oM 1108 0.28 - -
6  Menthone oM 1167 0.27 - -
7 neo-Menthol oM 1180 0.49 - -
8  Menthol oM 1189 - 4.35 0.64
9  o-Terpineol oM 1208 0.63 - -
10  Pulegone oM 1251 5.27 - -
11  cis-Piperitenone epoxide oM 1267 - - 1.76
12  E-Anethole Other 1301 0.49 - -
13 Thymol oM 1308 0.54 - 0.53
14 Piperitenone oM 1357 14.00 3.50 3.77
15  Eugenol Other 1369 0.78 - -
16  Piperitenone oxide oM 1380 51.87 33.89 10.61
17 Z-Jasmone Other 1407 0.56 - -
18  E-Caryophyllene SH 1427 2.51 11.03 4.42
19 cis-Muurola-3,5-diene SH 1454 0.41 - -
20  (2)-p-Faresene SH 1457 - - 0.60
21  Lavandulyl butyrate oM 1461 0.26 - -
22 cis-Muurola-4(14),5-diene SH 1470 0.81 - -
23 Germacrene D SH 1489 481 7.05 3.29
24 Bicyclogermacrene SH 1505 0.34 - -
25  2,4-Di-tert-Butylphenol Other 1519 - - 2.69
26  trans-Calamenene SH 1531 0.48 - -
27  cis-Muurol-5-en-4-B-ol (6] 1569 0.39 - -
28  Caryophyllene oxide (O] 1596 0.39 - 0.57
29  Diethyl Phthalate Other 1604 0.45 31.89 1.70
30 1,10-di-Epicubenol OS 1630 1.64 - -
31  o-Cadinol 0os 1673 1.72 - 0.47
32 Nonascosane Other 1901 - - 0.54
33  Dibutyl phthalate Other 1971 0.29 - -
34 n-Hexadecanoicacid Other 1979 - - 26.87
35  Chlorpyrifos Other 1991 - - 1.65
36  Phytol oD 2058 0.33 4.27 2.57
37  Linolenic alcohl Other 2077 - - 10.47
38  Tetracosane Other 2401 0.24 - -
Total Identified 92.9 100 75.53

OM: Oxygenated Monoterpenes, SH: Sesquiterpene Hydrocarbons, OS: Oxygenated Sesquiterpenes, OD: Oxygenated Diterpenes
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Fig. 2. Comparison between control and treated plants in some commercial metabolites in essential oil component (%)

The results also showed a significant increase in
Sesquiterpene  Hydrocarbons  (SH)  and
Oxygenated Diterpenes (OD) in plants treated
with cyanobacteria compared to controls. A 1.8-
fold increase in SH and 12.2-fold increase in OD
was reported in Anabaena vaginicola treated

plants. In Nostoc spongiaeforme treated plants
9.7-fold increase in OD were also reported.
While in control plant  Oxygenated
Monoterpenes (OM) were dominant components

(Fig. 3).
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Fig. 3. Comparison between control and treated plants in essential oil compound types (%)
Anabaena: Anabaena vaginicola ISB42, Nostoc: Nostoc spongiaeforme ISB65, MH: Monoterpene Hydrocarbons, OM:
Oxygenated Monoterpenes, SH: Sesquiterpene Hydrocarbons, OS: Oxygenated Sesquiterpenes, OD: Oxygenated
Diterpenes

4. Discussion

According to previous studies, medicinal
plant’s biomass and essential oil yield of them
are influenced by soil condition and its

Journal of Medicinal Plants

microflora [21, 32]. Similar to previous studies,
the results of our study revealed significant
changes in most growth factors, especially in the
root and the aerial parts of the treated plants. The
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root - as an absorbing organ of plants and the
source of some plant metabolites such as
phytohormones - is an important part of plants.
The positive effect of plant growth-promoting
rhizobacteria (PGPR) on root growth indices
such as root length and dry weight of roots, as
well as density of the hairy roots have been
reported in previous studies [33]. It is evident that
with improved root growth, as water and mineral
absorbing organ, the growth of plants shoot and
their productivity also improved [34].

The results of the present study also showed an
increase in shoot length and the number of leaves
in plants treated with cyanobacteria. Based on
our findings, it can be argued that the biomass of
the aerial part of treated plants was increased
significantly due to the influence of
cyanobacterial elicitors (Table 1). Previous
studies have noted an increase in vegetative
indices such as the number of leaves and shoot
length of some medicinal plants caused by the
usage of cyanobacterial biofertilizers. These
reports attribute the significant increase in the
biomass of the aerial parts of medicinal plants
such as Satureja hortensis L., Mentha piperita L.,
Plantago major L., and Matricaria chamomilla
L. to the use of cyanobacterial elicitors in
greenhouse conditions [21-24]. Therefore,
cyanobacteria can be useful elicitors for
achieving robust plants and leading to beneficial
influences on soil nutrient availability and plant
yield [20, 35].

The positive effect of cyanobacteria on plant
growth and productivity has been attributed to
various factors including the nitrogen fixation
ability of these microorganisms, biosynthesis of
plant growth-promoting hormonal substances
(e.g., auxins), as well as biosynthesis of non-
hormonal substances such as amino acids,
sugars, and vitamins [17, 35, 36, 37]. According
to previous studies, the heterocystous
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cyanobacteria can fixate atmospheric nitrogen
under natural conditions, and this capability can
be one of the important reasons for their positive
effect on plant growth [17, 34]. Also, the
biosynthesis of some growth-promoting
substances such as auxin compounds by these
prokaryotic algae can be regarded as another factor
in improving the growth of plants treated with
cyanobacterial ~ suspensions.  Previously, the
presence of plant growth-promoting
phytohormones such as indole-3-butyric acid and
indole-3-acetic acid has been reported from the
biomass of the studied cyanobacteria [16, 34].

Auxins, especially indole-3-butyric acid, play
an important role in stimulating plant rooting.
Previous studies have noted an increase in the
formation of lateral roots in the seedlings of
various plants as a result of applying indole-3-
butyric acid [38]. There is also evidence
supporting the ability of cyanobacteria to
produce auxins such as indole-3-butyric acid and
indole-3-acetic acid [16, 21, 22]. In these studies,
the production of auxins is considered as an
important factor in improving the vegetative
growth of plants using cyanobacterial fertilizers.

In another part of the study, we evaluated
metabolic profile changes of plant under
treatment conditions. The most important
compounds in the metabolic profile of members
of this species are menthol, menthone, pulegone,
eucalyptol, piperitenone and piperitenone oxide
[39, 40]. The results of our study showed that
Anabaena and Nostoc inoculation increases some
metabolites such as menthol, eucalyptol, phytol
and germacrenes (Fig. 2).

Menthol is one of the main components of the
essential oil of Mentha whose level increased in
the metabolic profile of the treated plants (Table
2). It is the most well-known monoterpene
compound (Ci1oH200) that is used in food,
pharmaceutical, and cosmetic industries [41].
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Eucalyptol (1,8-cineole) is another metabolite
whose level increased in the metabolic profile of
the plants treated with cyanobacteria (Table 2).
This metabolite has various pharmacological
effects and is used to treat some diseases such as
sinusitis and asthma [42].

Phytol similar to menthol and eucalyptol is an
industrial metabolite whose level increased in the
metabolic profile of treated plants (Table 2).
Phytol is used in the fragrance industry as well as
in cosmetics, shampoos, soaps, household
cleaners, and detergents [43]. Germacrenes was
other metabolite with antimicrobial and
insecticidal properties that showed an increase in
the metabolic profile of treated plants in our
study (Fig. 2).

In addition to our study and the report of
significant changes in the essential oil of M.
longifolia  treated  with  cyanobacterial
bioelicitors, there are other studies confirming
similar changes in relation to other bioelicitors.
In this regard, some researchers suggest that the
plant growth and quality of secondary
metabolites in medicinal plants are affected and
improved by  using mycorrhiza-based
biofertilizers, green algae, growth-promoting
bacteria, and some compound fertilizers [13, 44,
45]. In one of these studies, the effectiveness of
mycorrhiza-based biofertilizers, algae, and a
combination of these fertilizers was evaluated in
relation to the general performance of Ocimum
basilicum L., and the quantity of phenolic and
flavonoid compounds of this plant [44, 45]. It
was found that the levels of phenolic and
flavonoid compounds and the antioxidant
properties of O. basilicum increase significantly
under treatment conditions. This increase was
particularly remarkable in plants treated with
mycorrhiza-algae biofertilizer. Previous studies
have also shown that cyanobacterial bioelicitors
cause quantitative changes in the flavonoid
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content of Plantago major L. and so enhance its
medicinal effects [22]. The significance
increases of effective metabolites (e.g.,
chamazulene) in the essential oil of Matricaria
chamomilla L. wunder the influence of
cyanobacterial elicitors also reported in another
study [21].

The positive effect of biotic elicitors on the
secondary metabolites of Calendula officinalis L.
has also been reported in previous studies [46].
According to results of this study, the level of
secondary metabolites is dependent on various
environmental factors such as chemical
composition of soil [46]. Some scientists believe
that metabolite change may be due to the
activation of specific antioxidant enzymes
triggered by treatment with biotic elicitors [44].
The relationship between primary and secondary
metabolic pathways also reported in previous
studies [47]. They explained that carbohydrates
as a key metabolite in plants can act as a
precursor to promote other specific metabolic
pathways [47]. Therefore, any factor that
enhances the general performance of a plant’s
production and its photosynthetic efficiency can
also serve to increase the production efficiency
of secondary metabolites. Phytohormones have
also been introduced in some studies as an
influencing factor on performance of a plant’s
production and the metabolic composition of
them [48-50].

5. Conclusion

According to the results of the present study,
heterocystous cyanobacteria have a substantial
role in rising the quality and quantity of valuable
plant metabolites, and they can be used to
improve the production efficiency of medicinal
plants. Therefore, we can recommend the use of
cyanobacterial strains used in this study as a
suitable and economical method for the safe and
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cost benefit production of medicinal plants such
as M. longifolia. Finally, considering the
increased level of valuable metabolites such as
menthol and eucalyptol in Mentha longifolia
specimens treated with Anabaena vaginicola
ISB42, we can expect the antibacterial properties
of these plants to amplify compared to normal
conditions.
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