ISSN 1021-4437, Russian Journal of Plant Physiology, 2023, Vol. 70:220. © Pleiades Publishing, Ltd., 2023.

RESEARCH PAPERS

Foliar Application of Chelated Zn and Fe Fertilizers Changed
Secondary Metabolites and Essential Oil Production
in Different Damask Rose Landraces

M. Kanani, E. Chamani* *, A. A. Shokouhian“, and R. Nabipour Sanjbod”

¢ Department of Horticultural Sciences, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,

Ardabil, Iran
*e-mail: echamani@uma.ac.ir
Received November 22, 2023; revised January 13, 2024; accepted January 16, 2024

Abstract—Today, essential oils (EOs), one of the most important natural products, have substituted pharma-
cologically relevant agents. Rosa damascena Mill, as an oil-bearing plant, has been widely used for this pur-
pose. However, modern techniques to increase EOs, secondary metabolites (SMs), and chemical compounds
of rose landraces have been less studied. Recently chelated Zinc (C-Zn) and chelated Iron (C-Fe) have
affected SMs and EO compositions. Hence, a Split-split plot experiment on a randomized complete block
design was conducted to investigate the foliar application of C-Zn (0, 1,2, and 4 g L~") and C-Fe (0, 1, 2, and
4 ¢ L1 on three landraces [Qamsar (QA), Khoy (KY), and Gounbarf (GN)]. HPLC and GC-MS analysis
revealed the significant differences accrued via the foliar application of chelated fertilizers. C-Zn and C-Fe
(4 g L1 produced the highest level of proline content and phenylalanine ammonia-lyase (PAL) enzyme
activity. A positive correlation was found between proline content and PAL activity. Phenolic acids (gallic,
caffeic, chlorogenic, and coumaric) and flavonoids (rutin, quercetin, kaempferol, and apigenin) were found
in the methanolic extract of Damask rose. The most abundant compounds in QA were nonadecane (22.43%),
citronellol (12.76%), geraniol (11.23%), and heneicosane (10.18%), respectively. Results indicated that
genetic diversity is probably one of the factors that can affect SMs and EO production in Damask rose land-
races. Furthermore, chelated fertilizers affected phenolic acids, flavonoids, and EOs composition. Overall,
C-Zn and C-Fe application on QA could increase in antioxidant activity of produced compounds and act as
a suitable treatment to be used in therapeutic processes.
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INTRODUCTION

Due to the health-promoting properties of natural
products, there is an ever-increasing interest in
researching the use of natural products in the pharma-
ceutical industry [1]. SMs are not required for the
plant life cycle. However, SMs are vital for interaction
with the environment, enhancing plant defense sys-
tems, defending against herbivores, and pharmaceuti-
cal processes. SMs can help alleviate disease symp-
toms, promote human health, and inhibit some disor-
ders, such as human skin disorders and cancer [2].
EOs are a mixture of highly valuable volatiles that con-
tribute to the fragrance and flavor of a plant. EOs have
long been studied for their beneficial effects in human
health, industrial, cosmetic, aromatherapy, and phar-
maceutical applications [3].

Abbreviations: C-Zn, chelated zinc; C-Fe, chelated iron; PAL,
phenylalanine ammonia-lyase; QA, Qamsar; KY, Khoy; GN,
Gounbarf; SMs, secondary metabolites; EO, essential oil.

Rosa damascena Mill, one of the most significant
sources of oil-bearing plants, originated from Damas-
cus and is called Damask rose. Damask rose has
numerous landraces [4]. Landraces are the distinct
genotypes within a species that have favored adapta-
tion to the local environment. During restoration in
the new environment, different changes in genetic
background and growth conditions can happen in
landraces. Although there are many landraces in Iran,
the landraces of Iran have been studied to a limited
extent [5].

Damask rose possesses EO with antibacterial, anti-
diabetic, anti-inflammatory, antioxidant, and antivi-
ral properties, so it is widely used in the perfumery,
cosmetics, and medicinal industries. Over the years,
Taif’s Rose and the landraces of Iran have been widely
used for EO and rose water [6]. In addition, various
constituents such as alkaloids, glycosides, terpenes,
phenolic acids, flavonoids, and anthocyanins have
been detected in the petals and hips of Damask rose.
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Table 1. Soil physicochemical properties
Depth,| EC, SP, Clay, Silt, | Sand, T.N.V,| OC, Pava, | Kava,
cm | ms/cm pH % % % % Tex. % % N ppm | ppm CEC
0—-60 1.2 7.9 55 14 55 31 Silt 17.25 1.2 0.3 11.5 256 8

EC, Electrical conductivity; SP, Saturation percentage; Tex, Texture; T.N.V, Total neutralizing value; OC, Organic carbon; N, Nitro-
gen; P,,,, Available phosphorus; K,,,, Available potassium; CEC, Cation exchange capacity.

Also, significant amounts of cardiac glycosides, flavo-
noids, and phenolics have been found in the floral
solid distillation wastes [7].

In the Kashan landrace, some compounds repre-
sented more than 95% of the total oil, such as B-citronel-
lol, nonadecane, geraniol, nerol, and kaempferol [8].
Baydar and Baydar [9] reported gallic acid, syringic
acid, and quercetin in the flower extract of Damask
rose. Moreover, gallic acid, rutin, quercitrin, myrice-
tin, quercetin, and kaempferol were detected via
HPLC analysis in the flower extract of Rosa dama-
scena. Kashan and Tabriz’s landraces of produced dif-
ferent levels of SMs. Rasouli et al. [10] reported that
four landraces of Rosa damascena (Ghalhar, Lav-
asanat, Kamoor, and Minab) produced different levels
of polyphenols, phytochemicals, and scent composi-
tion during flower development. Identifying the
chemical composition of rose oil has been the objec-
tive of many researchers.

Micronutrients are used in low quantities. How-
ever, they are vital for the many physiological func-
tions of plants. Micronutrient deficiencies often occur
in semi-arid regions and soil with high pH, salin-
ity/alkalinity problems, poor structure, and low
organic carbon content [11]. Zinc (Zn) is an essential
micronutrient, involved in a range of plant processes,
including antioxidant enzymes activity, protein syn-
thesis and subsequently regulating gene expression,
and utilization of carbon in terpenoid biosynthesis.
Iron (Fe), as a micronutrient, is present in ferrous
(Fe?*) and ferric (Fe*") ions and is vital in the synthesis
of chloroplast-protein complexes and is involved in
redox reactions [12]. It has been reported that the avail-
ability of nutrients and the type of nutrient element can
affect SMs production and EO composition [13]. Fur-
ther, N-Fe and N-Zn modified the EO of Eruca sativa
Mill. [11]. Foliar application of N-Zn affected the com-
position of EO in Satureja hortensis L. [14]. Moreover,
foliar application of boron (B), Zn, and Fe significantly
affected EO production in Mentha piperita L. [15]. Fur-
thermore, the maximum oil yield was observed with
Zn + Fe foliar application in Brassica napus [16]. In
El-Sonbaty’s study, foliar applications of Rose-
scented geranium with N-Fe significantly increased
the amount of EO [17].

Irreparable damages have occurred in the soil cul-
ture due to the large-scale application of fertilizers.
Targeted delivery and slow and controlled release can
effectively increase the effect of fertilizers on plant
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performance. Therefore, here efforts have been made
to study the effect of various concentrations of C-Zn
and C-Fe on SMs content and EO composition of
Rosa damascena in different landraces to expand its
utilization in cosmetics, perfumery, and therapeutic
processes.

MATERIALS AND METHODS

Plant material. In order to investigate the effect of
chelated fertilizers, three landraces of Damask rose
(Qamsar (QA), Khoy (KY), and Gounbarf (GN) were
considered. Cuttings of different landraces (15 cm)
were collected from various geographical regions of
Iran during the dormant season and planted in a
greenhouse for rooting. After rooting, the plants were
transferred to the main farm and cultivated according
to the statistical design. The experiment was con-
ducted in 2016—2019. The main farm was located in
Urmia City (372532.7 N, 451202.9 E, and altitude of
1300 m), West Azerbaijan province, Iran. Urmia City
has a semi-arid and cold climate with an average annual
rainfall of 250 mm. Table 1 indicates some physico-
chemical properties of the soil (depth of 60 cm) in the
experimental site.

Layout, design and intercultural operation. This
experiment was conducted with a randomized com-
plete block design arranged as a Split-split plot with
three replications (each included three plants). In the
present study, there were 3 experimental factors: type
of chelated fertilizers (C-Zn and C-Fe), concentra-
tions of chelated fertilizers (0, 1, 2, and 4 g L~'), and
landraces (QA, KY, and GN). Weeds were controlled
mechanically, and plants were irrigated once a week
(pH 7.8). After restoration and during the second
year, the content of SMs and EO composition were
evaluated.

Application of chelated fertilizers. In this experi-
ment, two types of chelated fertilizers were used: C-Zn
(containing 12% chelated zinc and absorbable at
pH 3—11) and C-Fe (containing 9% chelated iron and
absorbable at pH 3—11). Zinc and iron chelated fertil-
izers (with Khazra trademark) were produced by the
Sodour Ahrar Shargh Company (IRAN) under a pat-
ent registered at the United States Patent and Trade-
mark Office (USPTO) [US8288587B2. MH N. Che-
late compounds. Google Patents 2012]. For treatment,
different concentrations of C-Zn and C-Fe were pre-
pared. Foliar application of fertilizers was done twice
monthly, during the growing season.
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Proline. Bates et al. [18] method was applied for
proline measurement. Briefly, 50 mg of dried leaf tis-
sue was homogenized in 1 mL sulfosalicylic acid 3%
and then centrifuged for 10 min at 3944 g. Then, 2 mL
of supernatant, 2 mL ninhydrin reagent (Merck; Ger-
many), and 2 mL glacial acetic acid were mixed and
transferred to the heat bath (100°C) for 1 h. The reac-

tion was stopped using an ice-water bath. Then, two
separate layers were formed by adding 8 mL toluene
(Merck; Germany) to the mixture. The absorbance of
the supernatant was read at 520 nm with a spectropho-
tometer (Jenway 6705 UV/Vis; UK). Proline content
was calculated using a standard curve according to for-
mula and expressed as umol g~! dry wt (Fig. 1).

Proline content = [ug proline/mL x mL toluene/115.5 ug/mmole]/[(g sample/5)].

Phenylalanine ammonia-lyase (EC: 4.3.1.5) enzyme
activity. PAL activity was determined from 0.5 g of
freeze-dried petalsin 6.5 mL Tris-HCl buffer (50 mM,
pH 8.8) containing 15 mM B-mercaptoethanol. The
samples were ground finely and then centrifuged at
50000 g for 30 min at 4°C. The supernatant was used
for the enzyme assay, based on Wang et al. [19]
method according to the rate of cinnamic acid pro-
duction. Briefly, 1 mL of extraction buffer, 0.5 mL of
10 mM L-phenylalanine, 0.4 mL of deionized water,
and 0.1 mL of enzyme extract were mixed and incu-
bated at 37°C for 1 h. The reaction was stopped by
adding 0.5 mL of HCl 6 M, and the product was
extracted in 15 mL ethyl acetate. The extracting sol-
vent was evaporated by putting the extract at room
temperature, and the solid residue was suspended in
3 mL of 0.05 M NaOH. The cinnamic acid concentra-
tion was calculated at 290 nm wavelength using a spec-
trophotometer (SP-UV 200, Spectrum Instruments
Limited, Australia). A unit of enzyme activity was
defined as the amount of PAL that produced 1 uM of
cinnamic acid in 1 min.

HPLC analysis of secondary metabolites. Freeze-
dried petal samples were ground with liquid nitrogen,
and 500 mg was extracted with 2 mL methanol con-
taining 3% (v/v) formic acid and 1% (w/v) 2,6-di-tert-
butyl-4-ethylphenol (BHT) in an ultrasonic bath for
1 h and treated samples were centrifuged for 7 min at
15777 g. A chromafil AO-20/25 filter (Macherey-
Nagel Diiren, Germany) was used for filtering the
supernatant. HPLC Agilent 1100: USA, with a diode
array detector at 250, 272, and 310 nm was used to ana-
lyze the extract. A Nova pack C18 (250 X 4.6 mm;
4 um) HPLC column at 25°C was used. The injection
volume and the flow rate were 20 uL and 1 mL min™!,
respectively. The elution solvents were (A): aqueous
1% formic acid and (B): acetonitrile. The samples
were eluted according to the linear gradient described
by Marks et al. [20].

Acetic acid (Solvent A) solution and acetonitrile
(Solvent B) were applied as the mobile phase involved
1% aq. The gradient elution was modified from 10 to
40% B in 28 min, 40 to 60% B in 39 min, and 60 to
90% B in 50 min. The mobile phase composition back
to the initial condition (solvents B : A, 10 : 90) in
55 min and allowed to run for another 10 min. The
total analysis time per sample was 15 min. Compounds
were identified according to their retention time and

RUSSIAN JOURNAL OF PLANT PHYSIOLOGY  Vol. 70:220

by spiking with standards under the same conditions.
The content of samples was measured by calculating
the integrated peak area, and the content was calcu-
lated using the calibration curve by plotting the peak
area against the concentration of the respective stan-
dard sample (Fig. 2).

GC-MS analysis of essential oils. The EOs of dif-
ferent landraces were prepared using a Clevenger
apparatus (2000 mL) from hand-picked rose petals in
the early morning [21]. The rose petals (100 g) were
suspended in water (300 mL). Hydro-distillation was
done for 4 h. The collected EO was dried over anhy-
drous sodium sulfate and stored in sealed vials, at a low
temperature (4°C), before injection into the GC-MS.
A GC (Agilent Technologies, Santa Clara, CA, USA)
equipped with MS (Agilent Technologies) 5975C mass
detector was applied for analysis. The splitless injector
was operated at 250°C with a purge flow of 50 mL min™!
for 2 min. HP-5 MS column (Agilent Technologies)
with 30 m %X 0.25 mm of internal diameter and 0.25 um
film thickness was used. Helium gas at a flow rate of
1.5 mL min~! was used as carrier gas. The temperature
of the column was held at 80°C for 3 min, then
increased at a rate of 8°C min~' to 180°C and held for
3 min before increasing to a final post-run tempera-
ture of 240°C for 5 min. The HP 5975C mass detector
parameters included; electron impact ionization (EI)
source temperature: 230°C; interface temperature:
280°C; ionization energy: 70 e€V; mass range: 40—
500 amu; quadrupole temperature: 150°C. The com-
pounds were identified using the Mass Spectral Library
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Fig. 1. Standard curve of proline for determination of pro-
line content in Damask rose.
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Fig. 2. Standard curve of polyphenols (gallic acid, caffeic acid, chlorogenic acid, rutin, coumaric acid, quercetin, kaempferol,
apigenin) in Damask rose petals using the HPLC analysis with a diode array detector at 250 nm (green line), 272 nm (black line),

and 310 nm (pink line).
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Fig. 3. Effect of chelated fertilizers concentrations on proline content (a) and PAL enzyme activity (b) in Rosa damascena extract.

(edition 7n.1; Wiley, Hoboken, NJ, USA). Their
retention indices were compared, and the area under
the curve of each compound was measured to deter-
mine their relative abundances.

Statistical analysis. Data analysis was performed
using SAS V9.2 software (SAS Institute Inc., Cary,
NC, USA). Means were compared using Duncan’s
multiple range tests at P<0.01 and P<0.05.

RESULTS
Proline Content

Chelated fertilizers treatments significantly affected
the proline content in different Rosa damascena land-
races. Chelated fertilizers at 1 g L' significantly
reduced the proline content. The increase in chelated
fertilizers concentrations increased the proline pro-
duction, where the highest proline content was pro-
duced in chelated fertilizers at 4 g L~ (Fig. 3a). The
response of different landraces to chelated fertilizers
treatments for proline production was more or less the
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same, hence some differences were observed. Che-
lated fertilizers at 1 g L~! reduced the proline content
in all studied landraces, although the content of pro-
line at 1 g L~! in the KY landrace was higher compared
to QA and GN (Table 2). The proline content was
higher in QA landrace at 2 and 4 g L~! concentrations
compared to KY and GN landraces (Table 2).

Phenylalanine Ammonia-Lyase Activity

PAL enzyme activity was significantly affected by
landrace, chelated fertilizers concentrations, and the
interaction effect of chelated fertilizers X chelated fer-
tilizers concentrations. Chelated fertilizers at 4 g L™!
resulted in the highest level of PAL activity (Fig. 3b).
Further, the QA landrace showed the highest PAL
activity, followed by GN (Fig. 4a). Changes in proline
content directly affected the PAL activity, and there
was a positive correlation (2 = 0.8544) between pro-
line content and PAL activity (Fig. 4b).
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Fig. 4. PAL activity in different landraces of Damask rose (a) and correlation between PAL enzyme activity and proline content

in Damask rose (b).

Phenolic Acids

HPLC analysis of Damask rose extract was done,
and the chromatograms of compounds were evaluated
(Fig. 5). Caffeic acid content was significantly affected
by chelated fertilizers, chelated fertilizers concentra-
tions, landrace, and interaction effect of landrace X
chelated fertilizers concentration. However, the triple
effect of chelated fertilizers X chelated fertilizers levels X
landrace did not affect caffeic content significantly.
Chelated fertilizers at 2 g L' in GN and control treat-
ments in the QA landrace produced the highest and
lowest content of caffeic acid, respectively (Table 2).

Moreover, the triple effect of treatments signifi-
cantly affected gallic acid, chlorogenic acid, and cou-
maric acid. C-Zn at 2 g L~! X GN landrace produced

the highest content of gallic acid and the lowest con-
tent of gallic acid producedin4 g L~! C-Fe x KY land-
race (Table 3). Furthermore, C-Fe at 2 g L~! and con-
trol treatments in the QA landrace resulted in the
highest and lowest content of chlorogenic acid,
respectively. Coumaric acid production was the high-
est at control treatments X GN landrace, while control
treatment in KY landrace resulted in the lowest cou-
maric acid (Table 3). Chelated fertilizers at 2 g L~! in
all landraces resulted in the highest caffeic acid con-
tent. C-Zn particle treatments resulted in more caf-
feic acid production compared to C-Fe (Table 4).
The results indicated that chelated fertilizers at 2 g L~!
had a more effective impact on phenolic acids con-
tent including gallic, caffeic, coumaric, and chloro-
genic acid.

Table 2. Interaction effect of landrace X chelated fertilizers concentrations on some secondary metabolites content in Rosa

damascena extract

Chelated fertilizers Secondary metabolites, ug L™ Proline,
Landrace . 1 i
concentration, g L Caffeic acid Quercetin Apigenin umol g™ dry wt

0 2.59 +£0.57 142.19 £ 9.4 2.77+0.4 62.31+48
1 11.11 £ 2.46 179.4 £ 5.73 1.38 £ 0.3 57.62 £ 4.54

QA 2 11.4 £ 0.65 23425+ 6.7 341+ 1.6 80.1 £3.6
4 10.77 £ 1.61 182.7 £ 10.4 8.13+0.98 96.53 = 4.67
0 2.09 £ 0.61 147.6 £4.9 2.73£0.3 62.8 £1.53

KY 1 5.48 £0.39 135.5 £ 10.0 1.31 £0.16 59.9+23
2 12.63 £ 2.75 201.1 £12.8 476 0.9 77.58 £2.03

4 3.52£0.99 131.0 £ 10.03 599+ 1.3 93.01 £6.5

0 7.76 = 0.53 146.04 £ 2.49 2.9+0.35 61.81 £2.7

GN 1 6.82 £ 1.83 189.3 £ 12.0 1.56 £ 0.3 56.5£6.1

2 1537+ 1.3 197.1 £9.5 9.9+ 0.58 71.09 £ 6.5

4 3.84 £ 0.69 9346+ 7.4 4.38 £ 1.02 91.3+2.4

Landraces: QA, Qamsar; KY, Khoy; GN, Gounbarf. Values are means * standard errors of one experiment with three biological repli-

cates.
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Fig. 5. HPLC chromatograms of secondary metabolites in different Damask rose landraces under control treatment. The chromato-
gram represents the presence of phenolics and flavonoid compounds in three landraces. (a) Qamsar; (b) Khoy; (c) Gounbarf.

Flavonoids

The contents of rutin, quercetin, kaempferol, and
apigenin were significantly affected by chelated fertiliz-
ers, chelated fertilizers concentrations, landraces, and
interaction effects among treatments. Rutin content
was increased via the application of chelated fertilizers.
The lowest rutin content was produced in control treat-
ments in QA, where C-Fe at 2 g L~! x QA landrace and
C-Zn at 2 g L~! x KY landrace produced the highest
rutin content (Table 3). Application of chelated fertiliz-
ers accelerated rutin production. Further, the highest
quercetin content was observed in 2 g L~! C-Zn X QA
landrace, followed by 4 g L~! C-Fe x QA. C-Zn treat-
ment increased quercetin content more efficiently
compare to C-Fe (Table 4). Moreover, the highest and
lowest kaempferol content was resulted in C-Zn at
4 g L~! x QA and control treatments X QA landraces,
respectively (Table 3). GN landrace at 2 g L~! chelated
fertilizers produced the highest apigenin content, and
chelated fertilizers at 1 g L~! concentration resulted in
the lowest apigenin content in all landraces (Table 2).

Essential Oils

GC-MS analysis revealed a wide range of compo-
nents in Damask rose oil. The most abundant com-
pounds in the QA landrace were nonadecane (22.43%),
citronellol (12.76%), geraniol (11.23%), and hene-
icosane (10.18%), respectively (Fig. 6, Table 5). Foliar
application of C-Zn increased the heneicosane con-
tent and made the heneicosane the second major
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compound in QA landrace after nonadecane (Table 5).
The sequence of EO compounds in C-Zn treatments
on QA landrace was as follows: nonadecane, hene-
icosane, citronellol, and geraniol.

The highest content of citronellol, as a part of the
most valuable compounds in Damask rose oil, was pro-
duced in control plants (Table 5). C-Fe at rate 1 g L~!
led to the highest content of Geraniol (13.03%) in QA
landrace compared to other treatments, including C-Zn
and C-Fe. In all C-Fe treatments on the QA landrace,
geraniol content was higher than citronellol, whereas,
in C-Zn treatments, the citronellol content was higher
than geraniol.

The highest content of 2-phenethyl alcohol, which
is in charge of the characteristic rose odor [22], in the
QA landrace was produced in C-Fe at4 g L~!; 2.95%,
followed by C-Fe at 2 g L°!; 2.45% (Table 5).
B-Myrcene and linalool were solely produced in con-
trol plants of QA landrace, and a.-pinene did not pro-
duce in chelated fertilizers at 4 g L~!. However, other
treatments produced o-pinene, although the control
treatment produced the highest content (Table 5).

In Khoy landrace, the main components in EO
were nonadecane (26.43%), heneicosane (12.18%),
Z-5-nonadecene (10.23%), and geraniol (7.32%),
respectively (Table 6). Foliar application of C-Zn
reduced the content of nonadecane and Z-5-nonade-
cene, while the geraniol content was increased (Table 6).
In the C-Fe treatment, the highest content of geraniol
and citronellol was produced in 2 g L~!. This dosage
led to the lowest nonadecane and heneicosane as well.
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Fig. 6. GC-MS chromatograms of essential oil of different Damask rose landraces under control treatment. The chromatogram
represents the abundance of different compounds in the three landraces of Damask rose. (a) Qamsar; (b) Khoy and (¢) Gounbarf.

B-Myrcene and Linalool compounds were not
observed in the KY landrace. However, these com-
pounds were in the EO of the QA landrace (Table 6).

The most abundant components of GN landrace,
were nonadecane (26.88%), heneicosane (13.5%),
geraniol (12.02%), and citronellol (10.34%), respec-
tively (Table 7). Application of C-Zn treatments
reduced nonadecane, citronellol, and geraniol con-
tents in GN landrace, exceptin 1 and 4 g L~! C-Zn,
which produced a higher content of citronellol and
heneicosane compared to the control, respectively.
In C-Fe treated GN landrace, the content of EO was
changed and nonadecane, heneicosane, Z-5-nona-
decene, and tricosane were the major compounds

Table 4. Effect of chelated fertilizers on caffeic acid and
quercetin content in Rosa damascena flower extract

Chelated fertilizers Caffeic acid Quercetin
type

C-Zn 9.51922 183.192

C-Fe 7.7867° 148.46°

Different letters in each column indicate significant differences
determined using a Duncan’s multiple range test (P < 0.05).

RUSSIAN JOURNAL OF PLANT PHYSIOLOGY  Vol. 70:220

(Table 7). The highest level of total EO compounds in
the GN landrace was produced in the control treat-
ment, and chelated fertilizers application reduced the
content of total EO.

DISCUSSION

Accumulation of proline in plants is a general
response to stress conditions. However, some studies
have shown that proline accumulation in plants is not
related to stress conditions and is a side product of
plant responses. Furthermore, proline can act as a free
radical scavenger and activator of detoxification path-
ways, stabilizer of subcellular structures, cytosolic pH
buffer, and signalling molecule [23].

The decrease in proline content by application of
chelated fertilizers at 1 g L~! could be due to the posi-
tive effect of these micronutrients at lower concentra-
tions on the reaction of Damask rose landraces to
unfavourable environmental conditions. On the other
hand, the increase of proline under C-Zn treatments
can be due to the structural and functional role of Zn
in the structure of ornithine aminotransferase
enzyme, which is involved in proline synthesis. Fur-
thermore, it seems that more increase in chelated fer-
tilizers concentration has adversely affected growth
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Table 5. Essential oil composition of Rosa damascena Mill. Qamsar landrace as affected by chelated fertilizers

%
Component RI R.T Control C-Zn,gL! C-Fe,gL™!

0 2 4 1 2 4
o-pinene 936 5.32 1.45 0.45 0.50 — 0.71 0.70 —
B-myrcene 992 6.41 0.54 - — — — —
Linalool 1097 8.78 0.6 - — — — —
2-Phenethyl alcohol 1115 9.16 1.43 0.67 1.01 2.14 1.36 2.45 2.95
Citronellol 1236 12.76 11.23 11.56 11.59 11.41 10.87 9.00
Neral 1242 12.11 0.44 0.31 — — 0.39 -
Geraniol 1255 12.41 11.23 10.33 10.50 10.95 13.03 11.59 10.47
Geranial 1272 12.78 0.7 0.65 0.46 — 0.40 0.56 -
Citronellyl acetate 1351 14.56 0.33 — - - — — -
Eugenol 1360 14.76 1.38 0.74 0.48 — 1.17 0.75 0.47
Geranyl acetate 1381 15.24 1.22 1.45 2.18 0.32 2.49 2.62 3.64
Trans-caryophyllene 1425 16.16 0.66 0.93 1.29 0.58 0.47 0.88 0.80
o-guaiene 1442 16.51 0.45 0.5 0.57 — 0.39 0.66 0.59
o-humulene 1460 16.89 0.49 0.53 0.60 — — 0.45 0.46
Germacrene D 1486 17.43 1.77 1.79 1.79 0.97 1.34 1.68 1.41
N-pentadecane 1496 17.64 0.42 - — — - - —
Cadinene 1639 20.43 — — — — 0.36 — —
o-eudesmol 1659 20.82 - — 0.32 1.04 0.33 0.98 0.86
8-heptadecene 1673 21.08 0.8 0.63 0.37 0.31 0.32 - -
Heptadecane 1696 21.52 2.76 2.22 1.96 2.40 3.13 1.70 1.87
1-heptadecanol 1720 22.03 3.33 3.38 3.98 2.17 3.30 4.70 5.56
Octadecane 1798 23.71 0.75 0.63 — — 0.38 — —
Z-5-nonadecene 1877 25.16 8.12 8.73 6.12 9.18 7.45 5.90 5.5
Nonadecane 1903 25.62 22.43 22.07 21.77 24.52 21.61 20.29 21.10
(E)-9-eicosene 1976 26.68 0.46 0.32 — — 3.55 — -
Eicosane 2000 27.04 2.87 2.5 2.77 2.56 2.56 2.57 2.90
Heneicosane 2097 28.32 10.18 12.23 16.62 16.57 11.65 13.70 15.08
Docosane 2199 29.39 — - 0.53 0.47 0.40 0.44 0.54
9-tricosene 2291 30.31 1.14 1.76 0.92 1.51 0.75 0.93 1.03
Tricosane 2299 30.39 3.30 6.58 6.08 5.76 3.67 4.96 5.44
Pentacosane 2498 32.33 0.61 2.22 3.05 2.59 1.91 3.08 3.21
Heptacosane 2702 34.93 1.52 1.87 2.27 1.51 2.76 2.80 2.85
Total (%) 93.7 94.85 98.01 97.14 96.9 95.65 95.73

@

RI, Retention indices; RT, Retention time;

conditions. In response to the unfavourable growth
conditions, plants have increased the proline accumu-
lation as an osmoregulator to maintain the water bal-
ance and mitigate lipid peroxidation [24]. The same
results have been reported in Triticale [25], Brassica
rapa |26], and Dianthus carthusianorum [27].

PAL enzyme catalyzes the first reaction in the shi-
kimate/phenylpropanoid pathway. Changes in PAL

RUSSIAN JOURNAL OF PLANT PHYSIOLOGY  Vol. 70:220

symbol, lack of synthesis of the compound in the EO.

activity level can directly impact downstream SMs
production [28]. The results indicated that as proline
production enhanced, the activity of the PAL enzyme
increased (Fig. 4b). Here, chelated fertilizers treat-
ment significantly affected PAL activity and the high-
est level of C-Fe and C-Zn led to the highest levels of
PAL activity (Fig. 3b). It seems that higher concentra-
tions of chelated fertilizers have limited the suitable
growth conditions and proline content as an indicator
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Table 6. Essential oil composition of Rosa damascena Mill. Khoy landrace as affected by chelated fertilizers

%
Component RI R.T Control C-Zn,gL! C-Fe,gL™!

0 2 4 1 2 4
o-pinene 936 5.32 — 0.45 0.65 — — 0.65 0.65
2-Phenethyl alcohol 1115 9.16 0.6 0.67 1.2 1.92 1.11 0.97 0.72
Citronellol 1236 11.79 7.12 6.55 7.50 7.45 9.80 13.25 7.26
Neral 1242 12.11 — - - — — - -
Geraniol 1255 12.41 7.32 7.55 7.99 8.89 10.75 14.37 8.74
Geranial 1272 12.78 — — — — — 0.40 —
Citronellyl acetate 1351 14.56 — — — — 0.40 0.41 —
Eugenol 1360 14.76 — — 0.43 0.57 — 0.51 0.40
Geranyl acetate 1381 15.24 1.18 2.25 2.25 2.29 — 2.72 2.01
Trans-caryophyllene| 1425 16.16 0.48 0.96 1.11 — 0.60 0.72 0.44
o-guaiene 1442 16.51 0.52 0.55 0.58 — 0.48 0.60 0.40
o-humulene 1460 16.89 — — 0.44 — 0.36 0.40 0.29
Germacrene D 1486 17.43 1.22 1.32 1.47 1.36 1.51 1.34 1.64
N-pentadecane 1496 17.64 0.3 — — - - — 0.30
o-eudesmol 1659 20.82 — — 0.59 1.07 1.12 0.34 —
8-heptadecene 1673 21.08 0.86 — — - - — 0.44
Heptadecane 1696 21.52 2.22 2.33 1.98 1.15 2.30 2.13 2.66
1-heptadecanol 1720 22.03 2.35 4.64 4.64 4.67 0.94 4.77 3.40
1-heptadecanol 1784 23.39 0.72 0.56 — — — — —
Octadecane 1798 23.71 0.47 0.54 - — — - —
Z-5-nonadecene 1877 25.16 9.23 8.88 7.58 7.77 6.52 6.91 6.74
Nonadecane 1903 25.62 26.43 23.56 22.42 21.31 22.12 20.91 22.10
(E)cyclododecene 1922 25.89 0.62 — — — — — —
(E)-9-eicosene 1976 26.68 0.44 — — 1.20 0.42 0.32 —
Eicosane 2000 27.04 4.56 2.72 3.07 3.58 3.33 2.58 2.44
Heneicosane 2097 28.32 12.18 15.76 16.74 16.95 18.13 13.16 17.61
Docosane 2199 29.39 0.7 0.86 0.62 0.46 0.48 0.38 0.60
9-tricosene 2291 30.31 1.20 1.85 1.12 0.99 1.46 0.91 1.42
Tricosane 2299 30.39 7.11 5.42 6.31 7.82 5.70 4.11 7.22
Pentacosane 2498 32.33 2.18 3.22 3.98 2.59 3.19 2.52 3.55
Heptacosane 2702 34.93 2.66 3.12 3.60 3.52 2.97 2.47 3.82
Total (%) 92.67 93.76 96.27 95.56 93.69 97.85 94.85

@

RI, Retention indices; RT, Retention time;

of stress condition has increased (Fig. 3a), and finally
enhance the PAL activity [29].

The differences among landraces in phenolic acids
content could be due to genetic makeup and/or differ-
ent responses of landraces to environmental condi-
tions [30]. Moreover, nutrients availability can affect
phenolics production in plants. Nitrogen treatment at
0.1 mM concentration led to produce the highest level
of phenolics in three cultivars of basil (Ocimum basili-
cum L. ‘Dark opal’, ‘Genovese’, and ‘Sweet tai’), com-

RUSSIAN JOURNAL OF PLANT PHYSIOLOGY  Vol. 70:220

symbol, lack of synthesis of the compound in the EO.

pared to the higher levels of nitrogen treatments [31].
Foliar application of Zinc sulfate on Vitis vinifera
‘Merlot’ plants increased total phenolics content,
which could be due to the increase in the expression of
genes in the phenolics biosynthesis pathway [32].
Enrichment of Pleurotus ostreatusand and Pleurotus
eryngii with selenium (Se) and Zn activated the syn-
thesis of phenolic compounds and ascorbic acid. Fur-
thermore, foliar application of N-Zn and N-Boron
(N-B) on Punica granatum ‘Ardestani’ before full
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Table 7. Essential oil composition of Rosa damascena Mill. Gounbarf landrace as affected by chelated fertilizers

%
Component RI R.T Control C-Zn,gL! C-Fe,gL™!

0 1 2 4 1 2 4
o-pinene 936 5.32 0.36 0.62 0.50 — - — -
2-Phenethyl alcohol 1115 9.16 1.84 1.23 1.01 0.60 1.16 0.8 —
Citronellol 1236 11.79 10.34 12.12 11.56 10.27 6.31 6.11 5.28
Neral 1242 12.11 — 0.42 0.31 — - — -
Geraniol 1255 12.41 12.02 11.02 10.50 9.09 5.91 5.18 3.01
Geranial 1272 12.78 0.25 0.51 0.46 — — — 0.27
Eugenol 1360 14.76 0.90 — 0.48 - — - —
Geranyl acetate 1381 15.24 2.17 2.25 2.18 2.16 — 0.54 0.69
Trans-caryophyllene | 1425 16.16 0.35 1.32 1.29 1.04 0.49 1.26 2.62
o-guaiene 1442 16.51 0.29 0.46 0.57 0.92 - - —
o-humulene 1460 16.89 — 0.52 0.60 0.67 - — —
Germacrene D 1486 17.43 1.19 1.32 1.79 2.35 1.19 1.04 1.08
N-pentadecane 1496 17.64 0.28 — — — — — —
Cadinene 1639 20.43 — - — — - — 0.46
o-eudesmol 1659 20.82 — 0.28 0.32 0.47 0.83 0.66 0.42
8-heptadecene 1673 21.08 0.32 0.51 0.37 — - 0.36 0.53
Heptadecane 1696 21.52 3.40 2.11 1.96 1.52 2.14 2.02 1.53
1-heptadecanol 1720 22.03 3.87 2.47 3.98 4.18 1.37 0.87 —
Octadecane 1798 23.71 0.38 — — — — — —
Z-5-nonadecene 1877 25.16 8.84 6.25 6.12 4.64 9.68 9.54 9.20
Nonadecane 1903 25.62 26.88 22.88 21.77 17.33 22.89 21.65 22.47
(E)-cyclododecene 1922 25.89 — — — — — — 0.28
(E)-9-eicosene 1976 26.68 0.34 — — — 0.40 0.3 —
Eicosane 2000 27.04 2.83 2.75 2.77 2.75 2.88 2.5 2.02
Heneicosane 2097 28.32 13.50 16.43 16.62 16.98 18.32 18.55 19.54
Docosane 2199 29.39 0.32 0.38 0.53 0.75 0.56 0.61 0.71
9-tricosene 2291 30.31 0.76 1.24 0.92 0.85 1.91 1.95 2.01
Tricosane 2299 30.39 3.72 5.48 6.08 7.55 7.19 8.58 10.86
Pentacosane 2498 32.33 1.66 2.65 3.05 5.03 4.75 5.12 6.46
Heptacosane 2702 34.93 1.49 1.08 2.27 5.78 4.89 4.66 4.57
Total (%) 98.3 96.3 98.01 94.93 92.87 92.3 94.01
RI, Retention indices; RT, Retention time; “—” symbol, lack of synthesis of the compound in the EO.

bloom could slightly increase phenolics production,
especially at higher levels of N-Zn and N-B. Mean-
while, diversity in the phenolic composition of differ-
ent plant landraces has been reported in lathyrus sati-
vus, lens culinaris, and Cicer arietinum [33].

The results of this study may be explained by the
GDBH (Growth Differentiation Balance Hypothesis)
framework, which explains when environmental con-
ditions are good and adequate and balanced amounts
of nutrients are available, plant growth conditions will
improve, however when the imbalance of nutrients or
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unfavourable environmental conditions exists, the
growth allocation for the plant is limited, and produc-
tion of SMs enhances [31].

Rutin as a flavonoid compound with potent antiox-
idant activity ubiquitously synthesizes in plants to pro-
tect against oxidative stresses. Rutin is a quercetin-
based flavonoid known for its health-promoting attri-
butes and efforts have been made to increase its quan-
tity in plant tissues and improve water solubility to be
more used for therapeutic processes [30]. Quercetin
and its derivatives are polyphenol compounds synthe-
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sized within plant tissues and have various pharmaco-
logical effects [3]. Likewise, kaempferol and apigenin
are found in natural products and protect plant tissues
against oxidative stresses [30]. This study showed the
different patterns of phenolics production among
Damask rose landraces (Tables 1, 2).

Minerals availability can affect flavonoid produc-
tion in plants. A reverse relationship was found
between nitrogen and phosphorus content with flavo-
noids production in Arabidopsis thaliana, tomato seed-
lings, and Hypericum perforatum L. [34], which is con-
sistent with the findings of this study (Tables 2, 3).
Results of this research revealed that high proline con-
tent (Table 2) as well as high PAL enzyme activity
(Figs. 3b, 4a) in higher levels of chelated fertilizers
concentration have led to the production of higher lev-
els of flavonoids compounds, however, PAL enzyme in
shikimate/phenylpropanoid pathway is not the sole
enzyme affecting flavonoids content and other enzymes
such as PAL, CHS, CHI, and FLS can directly and/or
indirectly affect flavonoid synthesis [35].

In QA and KY landraces, chelated fertilizers treat-
ments increased the total contents of EO. However, in
the GN landrace the content of EO was reduced via
the application of chelated fertilizers. Mirzaei et al.
[36] reported that the best ratio of Citronellol/Gera-
niol should be in the range of 1.25—1.30 to full fit the
demand of the perfumery industry. None of studied
landraces fill this demand and application of C-Zn
and C-Fe could not maintain the above-mentioned
ratio, although chelated fertilizers at GN landrace could
slightly increase the suggested ratio. These results indi-
cate that the application of nutrient elements can
change EO composition in Damask rose and more
investigations on this target can help us to maintain the
preferred EOs for the perfumery industry.

Zinc treatment at different concentrations affected
the EO content in Pelargonium graveolens. Further,
chelated Fe-EDTA and Zn-EDTA significantly
affected the EO composition in Ocimum basilicum.
Moreover, Fe and Zn treatments as ferrous and zinc
sulfate increased the EO content in Matricaria chamo-
milla [13]. Chelated fertilizers treatment increased the
total content of rose EO in QA and KY landraces,
which is consistent with reports on EO enhancement
via the application of micronutrients. This could be
due to the role of micronutrients, especially Fe and
Zn, as metal components of some enzymes, in activat-
ing their functions [37]. In addition, chelated fertiliz-
ers can alleviate the reactive oxygen species and oxida-
tive stress and improve photosynthetic processes,
nucleic acid assimilation, cell division, accumulation
of total carbohydrates, and finally, the total content of
rose EO [17]. Previous studies have shown that any
increase in total plant carbohydrates, the most
important direct organic product of photosynthesis,
will be employed in the biosynthesis of EO, conse-
quently increasing the production of EO [13]. How-
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ever, the total content of EO was reduced in the GN
landrace via the application of C-Zn and C-Fe, which
may be due to the genetic diversity and different
responses of plants to the application of nutrients [38].
Vieira et al. [39] reported that genetic variation might
affect the segregation of some compounds in EO com-
position. The diversity among EO composition in dif-
ferent plant cultivars and accessions have been previ-
ously reported.

CONCLUSIONS

The present study indicated that the foliar applica-
tion of chelated fertilizers (C-Zn and C-Fe) could
effectively change the secondary metabolite content
and essential oil compositions in different Damask
rose landraces. Increasing the chelated fertilizers con-
centration to 4 g L' increased proline content and
PAL enzyme activity. In addition, a positive correla-
tion was observed between proline content and PAL
activity. The HPLC results revealed that the most
abundant compounds in the QA landrace were nona-
decane, citronellol, geraniol, and heneicosane,
respectively. In the QA landrace, C-Zn treatments at
the rates 2 and 4 g. L~! produced the highest content
of quercetin and kaempferol, respectively. Also, C-Fe
(2 g L) led to the highest rutin content. Variations in
secondary metabolites content and essential oil compo-
sitions in different Damask rose landraces may be due
to the change in the activity of some enzymes, such as
PAL, downstream enzymes, and other enzymes that are
involved in the shikimate/phenylpropanoid pathway
and acetate/mevalonate pathway, respectively. These
findings suggest that foliar chelated fertilizers applica-
tion on the QA landrace can enhance the amount of
anti-cancer and antioxidant compounds. Therefore,
these treatments are suitable for increasing the SMs
content of the QA landrace in therapeutic processes.
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