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INTRODUCTION

ABSTRACT - Lemon balm (Melissa officinalis L.) is known as one of the
most important hormonal plants (anti-thyroid), sedative, wound healing agents,
and flavorings in the food industry. The present work aimed to determine the
effect of different zinc (Zn) sources on the natural product composition, and
antioxidant activity of lemon balm. The experiments were performed in a
greenhouse in Eram Garden (Shiraz, Iran) with three replications and five
different treatments including T;: No zinc (control), T,: EDTA-chelated Zn,
Ti3: nano Zn, T,: Zn sulfate, and Ts: citrate-chelated Zn. The results showed
that all Zn resources improved the chemical composition of the lemon balm
essential oil (EO), such as geranial, caryophyllene oxide, and phthalic
acid. The highest amount of geranial (40.8%) was achieved in the plants
treated with citrate-chelated Zn. The highest total content of caryophyllene
oxide (8.8%) was achieved when Zn sulfate was applied. The highest phthalic
acid (2.24%) was obtained in the plants treated with Zn sulfate and nano
Zn. The highest antioxidant activity (162.86 mg L™) was found when nano Zn
was applied. The results revealed that the application of Zn to therapeutic
plants like lemon balm could be very useful for the production of active natural
compounds such as geranial, phthalic acid, and caryophyllene oxide for use in
drug industries and medical materials.

has been reported that M. officinalis contains flavonoid
and phenolic compounds, including rosmarinic acid

Melissa officinalis (lemon balm) is a plant belonging to
the Lamiaceae family that has many uses as a flavoring
in food and drink products and in traditional medicine.
It is a fragrant (lemony) perennial plant with a height of
about 1 m that grows in Western Asia, the
Mediterranean, North Africa, and Southwestern Siberia.
Lemon balm is a key plant among the native
pharmaceutical plants of the genus Melissa (Saeb et al.,
2011). M. officinalis has been utilized in traditional
medicine, particularly in Iran, for treating certain health
conditions such as headaches, nervousness, and
gastrointestinal disorders (Saeb et al., 2011). Its leaves
are believed to have carminative, antispasmodic,
digestive, sedative, anesthetic, diuretic, and tonic
properties. The extracts and essential oils of the plant
contain antioxidant compounds (Erdemoglu et al.,
2006), and they have the potential to be used as
antimicrobial and antiviral agents (Saeb et al., 2011). It

(Herodez et al., 2003). Flavonoids have antioxidant
properties that are attributed to their phenolic structure
(Chang et al., 2002). The antioxidant properties of the
compounds reported in M. officinalis are responsible for
its therapeutic effects (Miraj et al., 2017).

Until a few years ago, the effects of microelements
on medicinal and aromatic plants were not well known
(Abugassa et al., 2008). Recently, trace elements have
been shown to have a key role in forming active
chemical compounds in medicinal plants (Murch et al.,
2003). Zn is an essential trace element that is also
classified as heavy metal and has many structural and
functional roles in plants’ metabolic processes, but its
deficiency and excess in soil are considered as limiting
factors for plant growth (Grejtovsky et al., 2006).

Zn acts as an activator and cofactor of some vital plant
enzymes like anhydrase, carbonic dehydrogenase, alkaline
phosphatase, phospholipase, and RNA polymerase.
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This element is also involved in the construction of
sugars, fats, and proteins; plant photosynthesis; and auxin
biosynthesis as a growth-stimulating hormone (Cakmak,
2008; Figueiredo et al., 2012).

A large part of the land in Iran is poor in
micronutrients such as Zn due to its highly calcareous
nature. Zn deficiency is also widespread in soils with an
alkaline pH, such as the calcareous soils in Iran. It has
been shown that foliar spraying is one of the most
effective ways to provide the trace elements needed by
plants (Baibordi and Malakouti, 2005).

Foliar nutrition can reduce the stabilization of
chemical fertilizers in the soil and, thus, reduce
environmental dangers including soil and water
pollution (Malakuti and Tehrani, 1999). Leaf feeding is
also important when an antagonistic phenomenon is
involved in the transfer of certain substances through
the roots to plants or when the substances, that kill soil
organisms, are added to the soil (Kannan, 2010). With
this feeding method, elements can be provided to the
plant in the fastest time possible, and leaf nutrition can
be effective in plant growth and increase yield. The
present work aimed to evaluate the changes in
antioxidant capacity and the important chemical
compounds of M. officinalis L. against the foliar
application of different sources of Zn. The present work
could be very useful for the production of active
natural compounds such as geranial, phthalic acid,
and caryophyllene oxide for use in drug industries
and medical materials.

MATERIALS AND METHODS

Soil characteristics analysis before planting

The utilized topsoil was loamy calcareous soil that was
dried in the air, homogenized, and sieved through a less
than 2-mm sieve. Some physicochemical attributes of
the soil were evaluated according to the following
standard techniques: clay, sand, and silt fractions
through hydrometer technique; saturated paste pH
through a glass electrode pH-meter; organic matter
content (OM) through a wet oxidation technique
(Nelson and Sommers, 1996); saturated extract
electrical conductivity (EC) via an EC-meter; DTPA-
extractable of Zn, iron (Fe), copper (Cu) and manganese
(Mn); and total nitrogen (N) (Bremner, 1996) (Table 1).

Experimental design

A completely randomized design with three repetitions
was utilized in this experiment. Treatments consisted of
adding Zn at a rate of 0.2% (w/v) from different sources

of Zn (Fig. 1). Spraying of deionized water was
performed in the control group.

Plant culture circumstances

A greenhouse test with three replications was conducted
at the Eram Botanical Garden in Shiraz, Iran (39° 29' N
and 33° 52" E, 1486 m above sea level). Each pot
included 2 kg of the topsoil mentioned above. It was
important that all pots were supplemented with
sufficient levels of essential nutrient elements.
Therefore, each pot received 20 mg P kg™ soil as Ca
(H,PO,),H,0, 10 and 5 mg Mn, and Cu kg* soil,
respectively, as their sulfates, and 200 mg N kg™ soil as
urea. The prepared seedlings of M. officinalis L. were
planted in the pots and irrigated with water every other
day to near pot capacity. Zn was used as a foliar
application twice (30 and 50 days after transplanting).
each time at a rate of 0.2% (w/v) from the
aforementioned sources of zZn (Fig. 1). The plants
subjected to spraying with deionized water were
considered as the control specimens. Plants were
harvested 12 weeks after planting in the full flowering
stage. The shoots of tested plants were prepared for
further laboratory analysis.

Antioxidant action

The antioxidant action of the essential oil was evaluated
based on the radical removing impact of fixed 2.2-
diphenyl-1-picrylhydrazyl (DPPH) free radical. Twenty
microliters of each different concentration of the
essential oil samples in methanol (12.5 — 3200 pgmL™)
were mixed with 200 uL methanol solution of DPPH.
The combination was permitted to stand at room
temperature for 30 min in a dark place. The absorption
of samples was performed at a wavelength of 515 nm
with an ELx808 Microplate Spectrophotometer (BioTek
Instruments, Inc., Winooski, VT, USA). The same
amounts of DPPH and methanol without essential oil
were used as standard and blank samples, respectively.
The scavenging activity was calculated using the
following equation (Gogoi et al., 2021):

Scavenging (%) = (Acontrol - Asample)/AcontroI x 100,

where Agmpie IS the absorbance of the test sample and
Acontror 1S the absorbance of the control sample. The
antioxidant activity of the sample was formulated of
IC50 (concentration at which 50 % of DPPH radical
formation gets inhibited). The graph was designed to
show the inhibition percentage vis-vis oil concentration
to determine the 1C50 value as discussed by Najafian
and Zahedifar (2015).

Table 1. Some physicochemical properties of soil in the farm of Eram botanical garden, Shiraz, used in this study

*

pH EC CEC CCE oM T.N Soil DTPA-extractable (mg kg ™)
(ds m? (meqg100g™) (mg kg™ (%) (%) texture
class Zn Fe Cu Mn
75 0.4 14 465 15 0.075 loam 0.85 2.34 1.12 4.4

*EC, electrical conductivity; CEC, cation exchange capacity; CCE, calcium carbonate equivalent; OM, organic matter, T.N, total

nitrogen; Zn, zinc; Fe, iron; Cu, copper; Mn, manganese.
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Citrate
chelated Zn
(17%)

Zn sulfate
heptahydrate

(23%)

Sources

Oligo-EDTA
Chelated Zn
(15%)

Nano Zn
(21%)

Fig. 1. Different sources of Zn that used in the present study. The percentage in parentheses of each Fig. partition indicates the

amount of Zn in each corresponding compound.

Essential oil (EO) preparation

Shading of the vegetables was performed at ambient
temperature (20-25 °C). The hydrodistillation was used
to separate the essence of dried-out samples for 3 h via
the Clevenger-type (Zahedifar and Najafian, 2015).

Essential oil analysis

The analysis and identification of EOs of lemon balm
were performed via Gas chromatography-mass
spectrometry (GC-MS). Analytical GC was used in
gas chromatography with the “Agilent with typical
7890 A and equipped with a flame ionization detector
(FID” specifications. A molten silica column with the
following specifications was also employed. Agilent
HP-5 with fused silica column; 5% phenyl methyl
polysiloxane (30 meters x 0.32 millimeters), with a
film thickness of 0.25 micrometers; it also had an
Agilent chemo station software structure. The size of
the sample inserted into the GC was 0.2 microliters
of clean essential oil. The injector temperature was
kept at 250 °C, and the detector temperature was
maintained at 280 °C. A flow rate of 1 milliliter per
minute was also used for nitrogen gas. The oven heat
program ranged from 60 °C to 210 °C at a speed of 4
°C per minute and was then programmed with a
temperature of 20 °C per minute to 240 °C before
finally being kept at the same temperature for 8.5
minutes. The split ratio was 1/50.

Recognition of essential oil composites

The constituents of the lemon balm essence were
recognized by calculating their retention indices (RIs)
in specially planned temperature settings for n-alkanes:
C8-C25. Similar chromatographic settings were

considered for lemon balm oil in an HP-5 column.
Different composites were recognized accurately, and
their figure ranges were compared with those from the
interior position figure range library, valid composites,
or the literature (Adams, 2007; Afshar et al., 2021;
Farahbakhsh et al., 2020; Najafian and Zahedifar,
2018). The relative area percentage of FID was used to
quantify the essential oil compounds.

Statistical analysis

Data analysis was conducted using ANOVA in SPSS
software (v. 25.0). Duncan’s Multiple Range Test
(DMRT) was used to measure the significant
differences (P< 0.05) between treatments.

RESULTS AND DISCUSSION

EO compound

The lemon balm’s volatile oil contained 37 composites
(Table 2). Total compounds were recognized in the
following treatments: T, (98.87%), T, (99.39%), T3
(100%), T4 (99.77%), and T5 (99.97%) (T4: Control, T,:
Zn sulfate, T3: nano Zn, T,. EDTA-chelated Zn, Ts:
Citrate-chelated Zn). The major volatile oil constituents
of M. officinalis were determined with a higher amount
of Neral (24.52%) followed by trans-citral (24.03%),
trans-caryophyllene (17.46%), geranial (10.78%), 1-
naphthalenol (3.15%), and caryophyllene oxide (2.37%)
(Ty). The use of Zn fertilizers led to considerable
variations in some components of volatile oil. The most
reductions in the proportions of trans-caryophyllene in
T, (7.13%), Tz (7.12%), and Ts (16.73%) treatments
were noticed when compared to the control specimens
(17.46%).
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Table 2. Effect of different Zn fertilizer sources on concentrations of natural compounds (%) identified in essential oil of

Melissa officinalis.

Compounds RT T, T, T, T, Ts
f.-Pinene 4.99 0.11 - - - -
1,5,8-p-menthatriene 5.71 - 1.52 1.52 - -
(2-Methylprop-1_-enyl)- 6.44 ) 132 132 i i
cyclohexa-1,5-diene

Benzene, 1-methyl-2-(1-

methylethyl)- 6.95 - 4.64 4.64 - -
3-Octanone 7.72 0.06 - - - -

2,3- Dihydroxypropionaldehyde 7.80 - 2.98 2.8 - -
Propanal 7.86 - 2.0 - - -
Benzene, 2-ethenyl-1,4-dimethyl- - - 1.4 - - -
1-Octen- 3-ol 8.43 0.29 - - - 0.25
6-Methyl-5-hepten-2-one 8.64 0.45 - - - 0.46
Rosefuran 9.051 0.21 - - - -
Perillen 9.281 0.07 - - -
Linalool 11.13 1.10 - - - 0.57
Benzenemethanol, 4-amino 11.60 0.17 - - - -
Citronellal 12.29 0.12 - - - 0.96
Trifluoroacetyl-lavandulol 12.43 0.30 - - - -
1,5-Heptadiene 12.74 0.35 - - - 0.19
Cyclohexane 13.01  1.02+0.01b - 1.65+0.03a - 0.71+0.06¢
trans-chrysanthemal 1321  0.86+0.03a - - - 0.28+0.01b
a-Thujone 13.45 - 0.65 - - -
Cyclohexane, ethenyl 13.52 1.98 - - - 1.69
E,E-o-Farnesene 14.07 0.29 - - - -
Methyl chavicol 14.20 - - - 6.08 -
Benzene, 1-methoxy-4-(2- 1421 ) 12 119 ) )
propenyl)

B.-elemene 14.95 0.36 - - - -
Cyclopentane 15.59 - - - 10.74 -
trans-Caryophyllene 16.18 17.46+0.25a  7.13+0.18c 7.12+0.19c - 16.73+0.15b
3,7-dimethyl-, methyl ester 16.34 0.58 - - - 0.54
Neral 17.12  2452+0.28b 19.91+0.06c  19.91+0.06c  29.60+0.30a  29.92+0.23a
Nerol 17.28 - 3.14 3.14 - -
2-Norpinene 17.45 0.40 - - - -
cis-Geraniol - - - - - 3.03
Geranial 17.87 10.78+0.12c 29.65+0.18b  29.65+0.18b  40.34+0.08a  40.78+0.13a
trans-Citral 18.18 24.03 - - - -

a -Methylhexanonisoxim 20.46 - 0.80 - - -
Neric acid 22.34 0.22 - - - -
Cyclohexane 22.62  0.12+0.003b - - - 2.39%0.31a
Verbenone 23.28 - 0.63 0.63 - -
Chrysanthenone 23.31 0.40 - - - -
Caryophyllene oxide 23.94  2.37+0.19c 8.840.15a 8.0+.037b - -
Caryophylla-4(12) 2416  2.32+0.16a - 0.42+0.01b - 0.37+.012b
8-Selinene 24.41 - 2.82 2.82 - -

vy -Cadinene 24.44 1.27 - - - -
1-Naphthalenol 2464  3.15+0.19b - - 5.31+0.16a -
t-Muurolol 25.30 - 3.50 3.50 - -
a.-Cadinol 2535 1.34+0.20b - 3.66+0.17a - 0.67+0.30c
3-Methylene-bicyclo 25.99 - 1.40 1.40 - -
undecan-5.p.-ol 26.03 0.66 - - - -
Methyl 2-hydroxy-6-heptadec-8Z  26.43 - 0.70 0.70 - -
c?ryophylIa—3,8(13)-dien-5.beta.- 26.46 0.25 ) 0.46 ) )

Ol

Cyclohexane 26.89 - 0.40 0.40 - -
Isoaromadendrene epoxide 26.92 0.50 - - - -
Farnesol isomer A 27.82 0.18 - 1.04 - -
5a-Ergost-8(14)-ene 30.07 - 1.64 - - -
(-)-Caryophyllene oxide 30.09 0.08 - - - -
Tricosanoic acid 31.03 - - 0.43 - -
Benzo[1,2-a:4,3-a"]diphenazine, 31.06 ) i 0.30 i i

16,17-dihydro
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Table 2. Continued

* EZ3

Compounds RT T, T, T, T, Ts
4H-1-Benzopyran-4-one 315 - - - 7.7 -
1,2-enzenedicarboxylic acid 31.71 0.31 - - - -
Bianthrone 33.08 - 0.94 0.94 - -
Phthalic acid 33.87 0.18+0.01b 2.2440.14a  2.24+0.14a - 0.41+0.02b
Total Compounds % 98.87% 99.39% 100% 99.77% 99.97%

Data are mean + standard deviation of three replications. RT": Retention time; Zn (Zn) treatments: T,"": Control, T,: Zn
sulfate and T3: nano Zn, T,: EDTA- chelated Zn, Ts: Citrate chelated Zn. Means followed by the same letter are
not significantly different by DMRT (P < 0.05). - Not detected.

Neral was the second most abundant component,
indicating the same trend. This component reached
24.52% in the control condition and 19.91% in the nano
Zn and Zn sulfate conditions; meanwhile, it increased
significantly in the EDTA-chelated Zn and citrate-
chelated Zn conditions. Although the impacts of the
foliar use of Zn in essential oil composition have not
been studied in this plant, the following studies are
available regarding the plants of the Lamiaceae family
(mint). According to Bisht et al. (2019), the addition of
Zn decreased eugenol in Ocimum gratissimum L. Also,
significant decreases in the percentages of a-Copan and
germacrene D content were observed after adding Zn to
the soil (Bisht, et al., 2019). Geranial is another
important component that has exhibited an interesting
change. Compared to the control (10.78%), a significant
increase was found in the geranial percentage when
using Zn (Table 2). The proportion of geranial increased
t0 29.65, 29.6, 40.34, and 40.78% for T,, T3, T, and Ts,
respectively.

Caryophyllene oxide also increased when using Zn.
The amount of this constituent was 2.37% in the control
condition and 8.0% and 8.8% after applying Zn to the
T; and T, specimens, respectively. In line with the
results of the current study, the addition of Zn led to an
increase in the content of a very important compound
(“E- Caryophyllene”) in the plants of the mint family
(Bisht et al., 2019).

Phthalic acid was another significant natural component
indicating an interesting change. According to Table 2,
the quantity of phthalic acid substantially increased at
the end of the test. The amount of this constituent at the
control was 0.18%, and its proportions were 0.41, 2.24,

450

and 2.24% after the foliar application of Ts, T3, and T,
respectively.

It has been found that the accumulation of natural
products in foliage depends on the relationships among
several internal and external factors, especially the
optimal level of micronutrients, particularly Zn
(Srivastava et al., 2006). Researchers have shown that
the use of Zn in plants causes the activity of
glucosinolates, which may also affect the flavor and
medicinal properties of plants (Coolong et al., 2004).
The findings of the present research corroborate the
results of Moghimipour et al. (2017). They also showed
an increase in Germacrine D, E -Caryophyllene, and
volatile basil oils after foliar Zn application
(Moghimipour et al., 2017). These results are also in
agreement with previous findings that showed the levels
of geranial, eugenol, B-cubebene, and E-caryophyllene
in essential of basil were significantly increased by
spraying a nano complex and biochar (Najafian and
Zahedifar, 2018).

Antioxidant activity

The mean values of 1C50 (mg L™) DPPH assay in M.
officinalis for each treatment are shown in Fig. 2. 1C50
is a suitable measure of oxidation development in oils.
Thus, it was considered as a good index for the effective
assessment of the antioxidant. Gallic acid is used as a
standard indicator of antioxidant activity. With stronger
antioxidants, the 1C50 is closer to that of gallic acid.
According to the results, Zn increased the inhibitory
effects. Thus, the IC50 of lemon balm extracts
significantly decreased compared to the control group
when using T3, T,, and T, (Fig. 2).

400

350

300

250

200

1C30 (mg L)

150

100

50

Treatments

Fig. 2. Effect of different sources of Zn on the IC50 of Melissa officinalis L. Means followed by the same letter
are not significantly different by DMRT (P < 0.05). Data are mean + standard deviation of three replications
Ti: Control, T,: Zn sulfate and T3: nano Zn, T,: EDTA- chelated Zn, Ts: Citrate chelated Zn.
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The results revealed that the antioxidant action of M.
officinalis L. improved after using Zn, especially nano
Zn with 1C50 of 162.86 mg L™ (Fig. 2). Since soils are
globally poor in Zn, herbs cannot accumulate sufficient
Zn in the eatable parts to meet human nutritional needs.
However, nano Zn development can lead to new
applications in soil science and plant biotechnology, and
the abovementioned deficiency in plants can be
eliminated by spraying this element as nano-particles.

CONCLUSIONS

The results of this study indicated that the foliar
application of Zn significantly enhanced the levels of
some natural compounds and the antioxidant activity of
lemon balm in all of the treatments. Thus, it is
recommended to cultivate lemon balm with Zn in
agronomic regions which are unsuitable for producing
most agricultural products. A significant increase (10.80
to 40.80%) in an important natural composition
(geranial) was observed after Zn treatment was applied.
The present work provided important pharmacological
implications owing to the biological properties of these
natural compounds and the industrial and medicinal
benefits of these plants. According to the findings of
this study, Zn is helpful for growing herbs such as
lemon balm, which could be developed as an auspicious
policy for producing more preferred pharmaceutically
active compounds, such as geranial, for drug industries
and medical materials.

ACKNOWLEDGMENT

The authors acknowledge financial supports from the
Fasa University, Fasa, IR Iran and Payame Noor
University.

CONFLICT OF INTRREST

The authors declare no competing financial interest of
this research.

REFRENCES

Abugassa, I. O., Bashir, A. T., Doubali, K., Etwir, R.,
Abu-Enawel, M., & Augassa, S. (2008).
Characterization of trace elements in medicinal
herbs by instrumental neutron activation analysis.
Journal of Radioanalytical and Nuclear Chemistry,
278, 559-563.

Adams, R. P., (2007). Identification of essential oil
components by gas chromatograpy/mass
spectrometry, 4™ edition. Illinois USA: Allured
Publishing Corporation, Carol Stream 804-806.

Afshar, M., Najafian, S., & Radi, M., (2021). The effect
of harvest time on the natural product of Rosmarinus
officinalis L. from South Iran (Fars province).

Natural Product Research, 1-6. https://doi:
10.1080/14786419.2021.1914615. (In Press, Online
published).

Baibordi, A., & Malakouti, M. J., (2005). Effects of
foliar applications of nitrogen, boron, and Zn on fruit
set and the some quality of almonds. Pajouhesh — va

— Sazandegi, 18(3), 32-40.

Bisht, M., Pande, Ch., Tewari, G., Bhatt, S., & Triphati,
S. (2019). Effect of zinc on the growth and essential
oil composition of Ocimum gratissimum L. Essential
Oil Bearing Plants, 22(2), 441-454.

Bremner, J. M. & Mulvaney, C. S., (1996). Nitrogen
total. In: Page, A. L., Miller, R. H. and Keeney, D.
R. (Eds.), Methods of Soil Analysis, Part 2. (pp.
1085-1122). Madison, WI: ASA, Inc.

Cakmak, 1., (2008). Enrichment of cereal grains with
Zn: Agronomic or genetic biofortification? Plant and
Soil, 302, 1-17.

Chang, C. C,, Yang, M. H., Wen, H. M., & Chern, J. C.
(2002). Estimation of total flavonoid content in
propolis by two complementary colometric methods.
Journal of Food and Drug Analysis, 10(3),178-182.

Coolong, T. W., Randle, W. M., Toler, H. D., & Sams,
C. E. (2004). Zinc availability in hydroponic culture
influences glucosinolate concentrations in Brassica
rapa. Horticultural Science, 39(1), 84-86.

Erdemoglu, N., Turan, N. N., & Cakdcd, I., Sener, B., &
Aydin, A. (2006). Antioxidant activities of some
Lamiaceae plant extracts. Phytotherapy Research,
20, 9-13.

Farahbakhsh, J., Najafian, S., Hosseinifarahi, M., &
Gholipour, S. (2020). The effect of time and
temperature on shelf life of essential oil composition
of Teucrium polium L. Natural Product Research,
36(1), 424-428.

Figueiredo, D. D., Barros, P. M., Cordeiro, A. M., Serra,
T. S., Lourenco, T., Chander, S., Olivira, M. M., &
Saibo, N. J. M. (2012). Seven Zn-finger transcription
factors are novel regulators of the stress responsive
gene OsDREBI1B. Journal of Experimental Botany,
63, 3643-3656.

Gogoi, R., Begum, T., Sarma, N., Pandey, S. K. & Lal,
M. (2021). Chemical composition of Callistemon
citrinus (Cutris) Skeels aerial part essential oil and
its pharmacological applications, neurodegenerative
inhibitory, and genotoxic efficiencies. Journal of
Food and Biochemistry, 45(7), 1-12.

Grejtovsky, A., MarkuSova, K., Eliasova, A., & Safarik,
P. J. (2006). The response of chamomile (Matricaria
chamomilla L.) plants to soil Zn supply. Plant Soil
Environment, 52, 1-7.

Herodez, S. S., Hadolin, M., Skerget, M., & Knez, Z.
(2003). Solvent extraction study of antioxidants from
Balm (Melissa officinalis L.) leaves. Food
Chemistry, 80, 275-282.

Kannan, S. (2010). Foliar fertilization for sustainable
crop  production. In:  Genetic engineering,
biofertilisation, soil quality and organic farming.
(pp. 371-402), Dordrecht: Springer.

Malakuti, M. J., & Tehrani, M., (1999). The role of
micronutrients on yield and quality of crops. Tehran:
Tarbiat modares press.

Miraj, S., Rafieian-Kopaei, & Kiani, S. (2017). Melissa
officinalis L: A review study with an antioxidant
prospective. Journal of Evidence-Based
Complementary & Alternative Medicine, 22, 385-
394.

Moghimipour, Z., Sourestani, M. M., Ansari, N. A., &
Ramezani, Z. (2017). The effect of foliar application

90


https://www.sid.ir/En/Journal/JournalList.aspx?ID=3472
https://www.sid.ir/En/Journal/JournalList.aspx?ID=3472

Najafian et al.,/ Iran Agricultural Research (2022) 40(2) 85-92

of Zn on essential oil content and composition of
holy basil [Ocimum sanctum] at first and second
harvests. Journal of Essential Oil Bearing Plants,
20, 449-458.

Murch, S. J., Haq, K., Rupasinghe, H. P. V., & Saxena,
P.K. (2003). Nickel contamination affects growth
and secondary metabolite composition of St. John’s
wort (Hypericum perforatum L.). Environmental and
Experimental Botany, 49, 251-257.

Najafian, S., & Zahedifar, M. (2015). Antioxidant
activity and essential oil composition of Satureja
hortensis L. as influenced by sulfur fertilizer.
Journal of the Science of Food and Agriculture, 95,
2404-2408.

Najafian, S., & Zahedifar, M. (2018). Productivity,
essential oil components and herbage yield, of sweet
basil as a function of biochar and potassium-nano
chelate. Journal of Essential Oil Bearing Plants, 21,
886-894.

Nelson, D. W., & Sommers, L. E. (1996). Total carbon,
organic carbon and organic matter. In: Sparks DL
(Ed.) Methods of soil analysis, Part I, 3rd edn. (pp.
961-1010). Madison: Am Soc Agron.

Saeb, K., Gholamrezaee, S., & Asadi, M. (2011).
Variation of antioxidant activity of Melissa
officinalis leaves extracts during the different stages
of plant growth. Biomedical and Pharmacology
Journal, 4, 237-243.

Srivastava, N. K., Sharma, S., & Misra, A. (2006).
Influence of Zn on allocation of leaf-assimilated
YCO, into primary metabolites in relation to
production of essential oil and curcumin in turmeric
(Curcuma longa L.). World Journal of Agricultural
Sciences, 22, 201- 207.

Zahedifar, M., Najafian, Sh. (2015). Combined effect of

soil applied iron and sulfur fertilizers on monoterpene

content and antioxidant activity of satureja hortensis L.

extract. Pertanika Journal of Tropical and Agricultural

Sciences, 38(3), 361-374.

91


https://www.cabdirect.org/cabdirect/search/?q=do%3a%22World+Journal+of+Agricultural+Sciences%22

AO-AY (M- (VF- ) ol nl 65,5las alibss

P95 -

9 b sWos 91 3 cuS y oo g JT (59 b Jolo i

ooke Ao Y

FEA)

(Melissa officinalis) 4 gus yob  SlowmsT 6T cadled

v w g #Y . Vs S
Sl iz ol g pla olEails (53 las sasasls’

Ol I ol Ld oSl ¢ 55,5l 0uStils (Conb wsige) 615 pu5l 5 &5 50 05,5

. Lz Y
Ol itz olad o)l owbizals €L

S30y90 LS (p 5 vae )l (o olexe 4 (Melissa officinalis L.) a0 ,0b — suuSe
LS g e arslis olie mlio )0 saims gab g 03 0aiiS maeyi iSu pl] d(ads s 0d)
b g oS o, Shae « nnbs slaos 518 S5 (55, cilitie wlie 3l s Ban b ol
Glisee ;e 0 ¢ LS5 Y L5l o)l g0 aldS ol iolesT ol plomil 4y guzmi ol Sl T
il sl S 5 5y sl g5, aliie plad 4 sl las bt s bl (g5, Sl s
31 (=59 ame)d) (uilw] ligizs aiads aml SILS 5 LT Ldes )1 ¢ Jouil )5 aiile ayguons ol
OIS L oo Hlews Lol o (ao,0 $4/A) Joil 3 lade (o itdan 09 yuria 1+ /FF G 74 /VA
Sy 5l ool L (ao 0 AIA) wuluST o ldgs IS S Jladie oy yiiion el Cowd 41 59, &l yiew
$U g 59y Dligw L oads jles (ol 10 (aoyo VIVE) sl SIS (o i o] Caws 4 (g9,
5Ll eola ol yo (o jo 0,5 Lo VEVIAR) SlaST il cudled o iy el s @ (5,
Adgi sl Wilg oo 9.0 ,0b aile Sloys (LS 15 (g9, 9,5 a5 oy lid gl ad <l (g9,
2l mbio yo eslitul gl LT GLdg I8 5 sl SILS (Jol S wiile Jlad (ol LS 5
ASl dede jlewy (Si5 Olge g

J; o 5‘*

Alio Oledb|

Wldo azty U

VE- TN el gl
VENYIYY ol b
VEVYNY t o G
igoals’ loojly

Slagst gl

ol

4 9:25,0k

b g oleS s

ay



