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Abstract. Secondary metabolites, which have an important role in regulating plants’ relationship with the
environment, are affected by soil pollution. Thus, it is important to describe the mechanism in which
lemon balm’s (Melissa officinalis L. subsp. officinalis) secondary metabolite accumulation is affected by
Cadmium (Cd) stress. For this purpose, lemon balms seedlings that were grown in a controlled
environment were exposed to increasing Cd stress and the relationship of lemon balm’s growth and
development with EO (essential oil) accumulation were investigated. Morphological, anatomical and
physiological parameters of plants’ that were exposed to Cd significantly decreased in parallel with
increasing Cd concentration. Impairments in growth and development of lemon balm due to increasing
Cd concentrations also affected EO accumulation. However, this destructive effect was most evident on
EO accumulation amongst all investigated parameters. Furthermore, amount of EO decreased by 97%, at
the highest concentration. In conclusion, Cd might have damaged both the EO producing mechanism and
the structures that produce EO by inhibiting plant growth. Therefore it is important to reveal the responses
of all parameters which affect EO production of medicinal plants under various stress conditions.
Keywords: chlorophyll, ecomorphology, ecophysiology, secondary metabolite, stomata

Introduction

Lemon balm (Melissa officinalis L. subsp. officinalis) is a perennial, aromatic plant of the
Lamiaceae family which is native to Eastern Mediterranan region and Western Asia, and is
cultivated in other regions. Its dried leaves have been extensively used in treating various
diseases since very old times (Kennedy et al., 2006). Its extract is included in “functional
foods” list due to its essential oil content (Canadanovi¢-Brunet et al., 2008) which has
antioxidant (Sousa et al., 2004), antimicrobial (Ceyhan et al., 2012), antidepressant (Petenatti
et al., 2011) and antiviral (Allahverdiyev et al., 2004) affects, and is used in the treatment of
many diseases, especially cancer (Kamdem et al., 2013). Lemon balm give them to maintain
their color and structure for a long time without deterioration of foods by reducing lipid and
protein oxidation (Lara et al., 2011). It is also an important raw material used in cosmetic
industry (Pérez-Sanchez et al., 2016). Ever increasing industrialization also brings along soil
pollution. As one of the most serious problems of industrialization, heavy metal pollution
significantly affects all life involved with soil and its impact continues to increase (Bae et al.,
2016). Heavy metals like Pb, Cu, Cr, Zn, Ni and Cd negatively affect plant development
(Adrees et al., 2015; Curguz et al., 2012; Hayat et al., 2012; Sajid et al., 2011) as well as the
content and quantity of secondary metabolites they produce (Biswas et al., 2015; Jesus et al.,
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2016; Kunwar et al., 2015). Cd is not essential to plant growth and development (Morsy et al.,
2011) and its primary source is anthropogenic (Alloway and Steinnes, 1999). This accelerates
the accumulation of this metal in the soil. On the other hand, it’s toxic to living beings even at
very low concentrations (1 pM) due to its high solubility in water and therefore considered as
the most dangereous heavy metal (Lux et al., 2011; Seregin and Ivanov, 1998). In spite of
this, effects of Cd on morphological and physiological parameters of lemon balm are still not
known. Especially, its effects on EO content and quality of lemon balm were never
investigated. However, lemon balm is economically very significant and it’s very important to
determine the responses of lemon balm’s growth, development and secondary metabolite
content to environmental conditions. Quantities of linalool, citronellal, geraniol, citral (neral
and geranial) and B-caryophyllene-oxide in lemon balm’s essential oil content (Pereira et al.,
2014) can vary between different development stages or different organs of the same plant
(Moradkhani et al., 2010). They also show significant variance under stress conditions such as
drought, salinity, etc (Farahani et al., 2009; Németh-Zambori et al., 2016). The aim of this
study was to determine how lemon balm responded to increasing Cd concentrations in terms
of changes in (1) vegetative growth, (2) stomata and epidermis counts, stomata size, and
stomata index of both surfaces of leaves, (3) leaf surface area, (4) total chlorophyll content,
and (5) accumulation of EO. In this way, we can determine the adverse effects of Cd on
lemon balm’s development in parallel with its adverse effects on secondary metabolite
accumulation.

Materials and Methods
Experimental design

Uniform, two-weeks old lemon balm seedlings (Melissa officinalis L.) purchased from a
commercial company (Mersin, Turkey) were used in the experiment. Equal number of
seedlings (5) were placed in plastic pots (20 cm diameter) filled with vermiculite and perlite
(1:1;v/v), in three replicates. They were grown in a greenhouse under controlled temperature
(24 °C +2/18 °C+2), humidity (40 +£10%), photoperid (16/8h light/dark) and light intensity
(160 ;,Lmol/m'zls'l). Hoagland’s nutrient solution (1/2 strength) was provided to seedlings
every three days for two weeks. Following this, each pot was irrigated every 5 days with half
strength of Hoagland’s nutrient solution containing various levels of cadmium chloride
(CdCl,5H,0) (0, 10, 20, 30 mg/kg). Experiments were designed in a completely randomized
manner with three replicates. After six months, the plants were collected to measure all
morphological, anatomical and physiological parameters.

Morphological parameters

Plant heights was accurately measured by graph paper. Leaf areas were determined
using the method of Pandey and Singh (2011). For this purpose, about 10 leaves from
each application were seperated from their stems. The leaves were laid out on graph
paper and the area of the paper covered by the outlines of the leaves were cut and
weighted. Also, 1 cm? from the same graph paper was cut and weighed. The leaf area
was calculated using the Equation 1.

LA=— (Eq.1)
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where, X: Weight of the graph paper covered by the leaf outline
y: Weight of 1 cm? of the same graph paper

Anatomical parameters

Epidermal tissues stripped from superficial sections of leaves were used to determine
the number and sizes of the stomata (s) and epidermis cells (e) of upper (adaxial) and
lower (abaxial) surfaces. Stomata and epidermal cells were counted in each field (50
microscopic field) at independent measurement (1 mm?) for upper (USI) and lower
(LSI) surfaces of leaves. Stomatal indices (SI) were calculated according to Rengifo et
al. (2002) using the Equation 2.

Total stomata number

SI=] ]x 100 (Eq.2)

Total stomata number+ Total epidermiz cell number

Stomata sizes (length and width) of both surfaces of leaves were measured using an
ocular micrometer under light microscope (40 X object and 10 X ocular), calibrated and
determined as pm.

Total chlorophyll content

50 leaves from each application were used to determine the total chlorophyll content
with a chlorophyll meter (Minolta SPAD-502 Chlorophyll Meter, Minolta Co. Ltd.,
Japan). Then, pigment degradation was calculated using the obtained data according to
Um and Kirdmanee (2009).

Total EO content

After six mounths, the plants were harvested and the leaves belonging to each
application were air-dried at room temperature (22°C+2) and then cut in small pieces.
These pieces were hydrodistillated for 4 hours (105 °C) in a Clevenger apparatus to
obtain EOs. The amount of extracted EO was calculated as the volume (in ml/100 g)
relative to the dry matter (100 g).

Statistical analysis

Experimental data were analyzed to evalute statistical differences concerning
morphological, anatomical and physiological among application with one-way analysis
of variance (ANOVA). Differences among the mean values of the experimental data
were compared with Least Significant Difference (LSD) at P<0.05 by Duncan’s
multiple range test. Data in the figures indicate mean values+standard errors (SD) based
on three replicates for each application.

Results

Morphological, anatomical and physiological changes in Cd treated lemon balm were
determined by measuring growth parameters at three Cd concentrations for 90 days.
Height of the plant was different between applications (Fig. 1). While the impact of Cd
on the plant height at the lowest Cd concentration was very little (decrease by 14%), it
was maximum at the highest Cd concentration (decrease by 73%). The statistical
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analysis performed to the data showed that the plant height was significantly decreased
by Cd experiments used, and this decrease in the plant height was statistically
significant (P<0.05).
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Figure 1. Changes in the plant height of lemon balm under different Cd concentrations. Data
represent the means and vertical bars indicate the standard error. Different letters indicate

significance (P<0.05)

Morphological and anatomical changes in lemon balm seedlings exposed Cd stress
were determined by examining its leaf parameters. Stomata and epidermis counts, and
stomata sizes (length and width) of lower (Fig. 2) and upper (Fig. 3) surfaces of lemon
balm leaves were significantly affected by Cd stress. For example, stomata count of the
lower surfaces of lemon balm leaves treated with 10, 20, and 30 mg/kg of Cd were
decreased by 23%, 44%, and 73%, respectively, in a dose-dependent manner (P<0.05).
While the epidermis count of similar surfaces decreased by 9% at 10 mg/kg Cd
concentration, it decreased by 59% at 20 mg/kg, and 71% at 30 mg/kg, compared to
control (Fig. 2a). Stomata sizes (length/width) also decreased with increasing Cd
concentrations. Furthermore, at the highest Cd concentration the same parameter
decreased by 16%, compared to control (P<0.05) (Fig. 2b).
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Figure 2. Comparison of stomata properties on lower surfaces of lemon balm leaves exposed to
Cd stress; Stomata and epidermis counts (a), Stomata length and width (b). Data represent the
means and vertical bars indicate the standard error. Different letters indicate significance
(P<0.05)

The responses of the parameters examined on the lower surface of the lemon balm
leaves in Cd stress, similarly responses were observed on upper surfaces. Epidermis
counts were decreased by 4%, 34%, 38%, and stomata counts were decreased by 26%,
55%, 78% at 10, 20, and 30 mg/kg Cd concentrations, compared to control (Fig. 3a).
Stomata sizes (length/width) also decreased with increasing Cd contentration (Fig. 3b).

Cd stress affected stomata index (Fig. 4) and leaf surface area (Fig. 5) parameters
along with changes in stomata and epidermis cell counts on both of the leaf surfaces.
Stomata indices of lower and upper surfaces decreased by 5%, 11%, 42% and 23%,
26%, 57%, respectively, with increasing concentration (P<0.05). Leaf surface area was
also decreased by 51%, 63%, 67% when exposed to 10, 20, 30 mg/kg of Cd,
respectively.

(@)

95 - —— Stomata number ~ —<— Epidermis number

20.2 195

b i d 08
0 T T 1
0 10 20 30

Cd concentrations (mg/kg)

Stomata and epidermis number of upper
surface in leaves
(=

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 15(3):1653-1669.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1503_16531669
© 2017, ALOKI Kft., Budapest, Hungary



Kilic — Kilic: Morphological and physiological responses in lemon balm exposed cadmium stress

Stomata length and width (pm) of upper
surfaces in leaves

- 1658 -

(b)
. ——Stomata length —#— Stomata width
¢ 11.42
11
€ 964
0 10 20 30

Cd concentrations (mg/kg)

Figure 3. Comparison of stomata properties on upper surfaces of lemon balm leaves exposed to
Cd stress; Stomata and epidermis counts (a), Stomata length and width (b). Data represent the
means and vertical bars indicate the standard error. Different letters indicate significance
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Figure 4. Stomatal indices of lower (LSI) and upper (USI) leaf surfaces of lemon balm at
increasing Cadmium concentrations. Data represent the means and vertical bars indicate the

standard error. Different letters indicate significance (P<0.05)

Photosynthetic pigment contents of lemon balm plants treated with increasing
concentrations of Cd over 90 days were determined, and significant differences were
observed, compared to control. This difference to be statistically significant was
identified as a decrease total chlorophyll content (P<0.05). On the other hand,
chlorophyll degradation showed an inverse correlation with total chlorophyll content.
While total chlorophyll content decreased with increasing Cd concentrations,
chlorophyll degradation increased in all treatments, accorging to the control (Fig. 6).
For example, Total chlorophyll content decreased by 5%, 24%, 72% whereas
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chlorophyll degradation increased by 76%, 80%, 94% at 10, 20, 30 mg/kg, respectively,
compared to control (P<0.05).
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Figure 5. Leaf area of lemon balm at increasing Cadmium concentrations. Data represent the
means and vertical bars indicate the standard error. Different letters indicate significance
(P<0.05)
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Figure 6. Total chlorophyll amount of lemon balm leaves at increasing Cd concentrations. Data
represent the means and vertical bars indicate the standard error. Different letters indicate
significance (P<0.05)

Toxic effects of Cd on EO content were examined by measuring EO amount,
compared with control treatment (Fig. 7). There was a strong negative correlation
between the levels of EO amount and Cd concentration (P<0.05). For example, EO
amount was decreaced by 22%, 70%, 97% exposed to 10, 20, 30 mg/kg of Cd
respectively, compared to the control. The most destructive effect of Cd on the EO
amount of lemon balm was observed at 20 mg/kg concentration (69%).
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Figure 7. Changes in essential oil (EO) amount of lemon balm at increasing Cd concentrations.
Data represent the means and vertical bars indicate the standard error. Different letters
indicate significance (P<0.05)

Discussion

We determined the relationship between increasing Cd stress, and changes in
morphological, anatomical and physiological parameters and secondary metabolite
amount of lemon balm in each treatment medium. Plant height significantly decreased
with increasing Cd concentrations in the growth medium (P<0.05). Especially at the
highest Cd concentration plant height decreased by 73%, compared to control. Inhibitory
effect of Cd on the growth of higher plants (Perveen et al., 2016) were also observed for
lemon balm. Similar results were observed for alfafa exposed to copper stres. Heavy
metals negatively affected not only the plant growth but also nutrient content and enzyme
activity (Hong et al., 2015). Cd directly or indirectly affects photosynthesis by reducing or
preventing the uptake of elements like Zn, Fe and Cu, and in turn blocking enzyme
activation and respiration (Seregin and Ivanov, 2001). Therefore, destructive effects of
heavy metals on some physiological processes of plants such as photosynthesis, water
relations, and mineral nutrition (Zouari et al., 2016) might result in a decrease in plant
growth (Anjum et al., 2016a; Hu et al., 2015). Various heavy metals including Cd
prevents the uptake of required elements (Shanker et al., 2005), therefore Cd stress
inhibited lemon balm’s growth. On the other hand, the decrease in growth of lemon balm
plants can be explained by suppression of macro/micro element transport under Cd stress
(Smiri, 2011), and changes in plant height may be caused by the phytotoxic effects of Cd
accumulation. Moreover, there is a positive correlation between trace element uptake and
EO production of lemon balm (Németh-Zamboriné et al., 2016; Sussa et al., 2016). Thus,
by preventing nutrient uptake, Cd accumulation may not only inhibit lemon balm’s
growth, but also negatively affect secondary metabolite production. Because, changes in
plant growth caused by various factors also affect the quantity of secondary metabolites
(Cappellari et al., 2013).

Stomata, known as the gas exchange centers, help plants to adapt to environment by
altering their numbers and sizes (Aasamaa and Sdber, 2011). Especially, variation in
their density and sizes under stress conditions (Negi et al., 2014) is an important
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indication of the impact of the stress factor on the plant (Esmaeilpour et al., 2016). As
the duration and degree of the stress increases, these structures gradually degrade, and a
morphological, physiological and biochemical decay process which ends with the
plant’s death begins (Shahid et al., 2017). In the present study, the number of stomata
on both surfaces of the lemon balm leaves decreased parallel to the increase in the
concentration of Cd. Continuity of vital processes or adaptation to the environment of
plants’ exposed to stress condititions is possible with reducing stomatal aperture number
(Zandalinas et al., 2016). In our study, stomatal aperture number decreased with
increasing Cd stress, and this can be tought as one of the lemon balm’s responses to the
stress. Because, Cd stress causes irregular in mitotic activity (Fusconi et al., 2007; Xu et
al., 2009), so their number decreases. At the same time, since heavy metal stress causes
degredation of some fundamental structures that play important roles in mitotic activity
(Eleftheriou et al., 2015), Cd stress can decrease the density of stomata derived from
epidermis cells on both surfaces of lemon balm leaves by disrupting their mitotic
activity. A similar effect was observed in the amount of epidermis cells of lower
surfaces of leaves. In fact, increasing Cd concentrations affected the epidermis count of
the lower surfaces more than the stomata count. Especially at 20 mg/kg Cd
concentration stomata amount decreased by 44% while the amount of epidermis cells
decreased by 59%, compared to control (P<0.05). It is worth noting that while one
would expect a decrease in cell counts with increasing Cd concentrations, the most
destructive effect on the epidermis count was observed at 20 mg/kg concentration.
There was a negative correlation between stomata sizes of lower surfaces of the leaves
and Cd concentrations (except for 20 mg/kg Cd concentration). Increasing Cd
concentrations caused similar reductions in all investigated parameters of lemon balm
leaves on the upper surfaces. Especially, with a 32% reduction in epidermis count, 20
mg/kg Cd was determined as the most destructive concentration. Moreover, while the
highest applied Cd concentration affected stomata count of the upper surfaces (78%)
more than the lower surfaces (73%); it was quite the opposite for epidermis cell count.
Stomata sizes on the upper surfaces of the leaves also decreased with increasing Cd
stress. At the highest Cd concentration, stomata width and length decreased by 25% and
52%, respectively, compared to control (P<0.05). On the other hand, the most
devastating affect of Cd on stomata length was observed at 20 mg/kg concentration with
a 41% decrease. Stomatal apertures are one of the most important components of
photosynthesis and transpiration mechanism (Assmann and Jegla, 2016). Stress
conditions lead to changes in the amount and sizes of these apertures and in turn these
changes negatively affect plants. Cd adversely affected stomata sizes on both upper and
lower surfaces. This effect was most noticeable in the stomata lengths on upper surfaces
of the leaves (52% decrease) at the highest Cd concentration (stomata lengths decreased
by 16% on lower surfaces) (P<0.05). Photosynthetic gas exchange is more sensitive to
stress factors on upper surfaces than lower surfaces (Zhang et al., 2016). In our study, it
was clear that the plant growth and development mechanism was adversely affected due
to the decrease of photosynthetic gas exchange caused because Cd stress affected
stomatal structures (stomata amount and sizes) more on the upper surfaces of the leaves
than on the lower surfaces. Because stomata and epidermis cell counts decreased on
both surfaces of leaves, stomatal index also decreased. Especially, at the highest Cd
concentration stomatal index of upper surface decreased by 55% (P<0.05). Stomata
undergoes important changes to make it possible for the plant to adapt to various
environmental stress factors such as heat, salinity, heavy metals and water scarcity.
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Carbondioxide and water vapour resistance are related to stomatal index and stomata
sizes (width/length) (Kaiser et al., 2015), and it is known that changes in stomatal
parameters affect the amount of water and gas exchange in the leaves (Hsie et al., 2015),
and stomatal responses may limit the photosynthesis (Yamori et al., 2016a). There is a
positive correlation between net CO, assimilation and EO production (Elhindi et al.,
2016; Letchamo et al., 1995; Sangwan et al., 2001). Therefore, the linear relationship
between gas exchange rate (Xu and Zhou, 2008) and photosynthesis mechanism can
also be established between gas exchange and EO synthesis (Athar et al., 2016). When
environmental CO, concentration was increased seconder metabolite content of Robinia
pseudoacacia L. grown in soil polluted with Cd and Pb also increased (Jia et al., 2016).
Furthermore, changes in the stomata and epidermis counts also affected the leaf surface
area. Areas of both surfaces of lemon balm decreased in parallel with stomatal index.
Similar results were observed for almond leaves edildi (Elloumi et al., 2014). On the
other hand, the positive relationship between leaf surface area and the amount of hairs
per unit area (Rehman et al., 2016) also affects the density of glandular hairs which are
the EO secretion centers (Biswas et al., 2015; Tiwar, 2016). This is an indication that in
parallel with the decrease in lemon balm’s surface area, the amount of digiform, peltate
and capitate glandular trichomes that secrete EO will also decrease under Cd stress
(Chwil et al., 2016). Furthermore, it was reported that leaf surface area is also
significantly correlated to yield of the plant (Pandey et al., 2016; Patel and Patra, 2015).
Photosynthetic apparatus are a very sensitive parameters to heavy metal stress (Hayat
et al., 2012). Therefore, decrease in chlorophyll content is an important determinant of
metal toxicity (Hassan et al., 2017). Total chlorophyll content of the tissues of lemon
balm in the control group was the highest (52.58). Lemon balm tissues exposed to the
highest Cd concentration had the lowest total chlorophyll content (15.23). We think that
the prevention of uptake and transportation of microelements that play an important role
in pigment synthesis by heavy metals (Das et al., 1997) may be the reason why lemon
balm’s chlorophyll content decreased under Cd stress. In a similar study, conducted on
maize, increasing Cd concentrations led to a significant decrease in chlorophyll
concentration (Akhtar et al., 2016). Chlorophyll harvests the light energy and converts it
to chemical products and is a very important molecule that ensures the growth,
development and differentiation of the plant. Photosynthetic pigments are one of the
main components of the photosynthesis mechanism (Mishra et al., 2007; Stewart and
Globig, 2016) and any change in their amount and structures (Meier et al. 2011) will
destroy this mechanism (Doganlar, 2012), and disturb the morphological, physiological
and biochemical reactions (Wieczorek and Wieczorek, 2007). On the other hand, since
there is a positive correlation between photosynthetic pigment and EO amounts (Batista
et al.,2016), and the inhibition of chlorophyll production by heavy metal stress leads to
a significant decrease in metabolite production (Okem et al., 2015). Therefore,
chlorophyll degretation is an important indicator used for determining the effects of
various stress factors on plants (Aiamla-or et al., 2010). Cd damages chloroplast
metabolism by greatly inhibiting chlorophyll biosynthesis (De Filippis and Ziegler,
1993; Gill et al., 2012). We observed this in our study; as Cd amount of the medium
increased, chlorophyll degradation also increased. As the effects of Cd increase, while
chlorophyll content decreases, chlorophyll degradation increases. This is an indication
that the rate of photosynthesis in plants may decrease. Because, the treatment had
adverse effects on photosynthetic process by decreasing chlorophyll content, and
chlorophyll content was found to be the lowest at the highest concentration of Cd.
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Changes in EO accumulation of lemon balm exhibited inverse relationships with
increased Cd concentrations. Changes in the growth, leaf parameters and chlorophyll
content of lemon balm grown under Cd stress for 90 days also affected the plant’s EO
synthesis mechanism. This mechanism was affected worse than all other investigated
parameters by the highest Cd concentration. While reducing plant growth, heavy metal
stress also affects plants’ potential to synthesize bioactive compounds (Okem et al.,
2016). A similar result was obtained for Mentha crispa exposed to Pb stress, and Pb
stress affected EO content more than all other investigated parameters (Raquel et al.,
2015). Secondary metabolite production in plants is affected by environmental factors
such as salt (Kasrati et al., 2014; Yu et al., 2015), water (Németh-Zambori et al., 2016),
heavy metals (Sosa et al., 2016), and secondary metabolite content decreases in parallel
with plant growth and development (Islam et al., 2016). On the other hand, high
concentrations of Cd in the soil negatively affects trichomes’ structural integrity (Wolff
et al., 2012). Changes in lemon balms growth and development reduces the amount of
EO synthesizing structures especially in the leaves (Moradkhani et al., 2010). In this
study, at the highest Cd concentration, the experimental group was observed to have
73% decrease in plant height; 73% and 71% decreases in stomata and epidermis, 16%
and 48% decreases stomata length and width on the lower surfaces of the leaves,
respectively; 78% and 38% decreases in number of stomata and epidermis, 52% and
25% decreases stomata length and width on the upper surface of the leaves,
respectively; 42% and 57% decrease in stomata index on the lower and upper surfaces
of the leaves, respectively; 67% decrease in leaf area; 72% decrease in chlorophyll
amount with respect to the control group.

Secondary metabolite content of plants are significantly influenced by the genetic
character of the plants and various abiotic factors. It also varies between the parts and
the developmental stages of the plants (Branislava et al., 2013). Therefore, changes in
the morphological and physiological processes causes the variation in the amount and
the quality of the essential oils. Secondary metabolites are substances that give plants
various advantages in important events such as defense, protection, survival and
reproduction that helps them to adapt to the environmental conditions in the ecosystem
(Bourgaud et al., 2001). Thus, the amount of these substances per unit increases under
stress conditions (Haddadi et al., 2016; Németh-Zambori et al., 2016). However, stress
factors also cause deformations in various growth parameters of plants leading to a
decrease in the production of metabolites (Saeidnejad et al., 2016). When plants
containing secondary metabolites are exposed to a stress factor, there is a negative
correlation between the stress factor and the amount of secondary metabolites but a
positive correlation with the amount per unit area of substances that constitute
secondary metabolites. We think that the decrease in EO amount with increasing Cd
stress might be the result of the decrease in EO syntesizing structures in parallel with all
other investigated parameters of lemon balm and physiological degredation of these
structures. Therefore, along with the changes in plant growth and development
parameters, morphological and biochemical changes in EO synthesizing structures
should also be thoroughly investigated. In light of these results, we can emphasize once
more that phytotoxic impacts of heavy metal stress on mankind’s future remedies
(Tomlinson and Akerele, 2015) should be determined and studies on the subject should
be hastened.
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