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A B S T R A C T

The biostimulants and fertilizers applied as foliar spray or directly to soil play a crucial role in enhancing the
development and quality of coriander by supplying essential macro- and micro-nutrients. The ecological
approach to reducing soil fertilizers prioritizes the utilization of foliar nutrients. The objective of this study was
to investigate the impact of foliar applying products on the seed yield, essential oil content and composition of
coriander cultivars in Central Bulgaria. The field trial was carried out on alluvial-meadow soil type in the region
of Plovdiv, Central Bulgaria, in the period 2020–2022. The experiment was conducted using the approach of
fractional parcels with four repetitions. Three foliar products were examined in the relevant rates: Energy
20–8–60 – 25 L ha− 1; Fulvin 40–22 – 80 L ha− 1; Isabion – 30 L ha− 1. The treated plants were compared to an
untreated control. The tested products were applied in the end of the budding stage to five coriander varieties:
Yantar, Moroccan, Mesten Drebnoploden, Thüringen and Marino. Results showed that the application of foliar
products, compared to the control, led to an increase in seed yield by 4.2–9.6% and essential oil content up to
11.8 %. Statistical analysis has demonstrated that the utilization of the Energy 20–8–60 has the most significant
impact on the concentration of essential oils, while Isabion has the biggest influence on the quantity of seeds
produced. The Isabion biostimulant increased the content of the main compound – β-linalool in the essential oil
of Moroccan variety up to 8.9% and Marino and Mesten Drebnoploden by 3.6 and 5.4% respectively, compared
to the control. The foliar application of Energy 20–8–60 fertilizer led to a decrease of β-linalool percentage in
Marino, Moroccan, Mesten Drebnoploden and Thüringen. All studied varieties exhibited the presence of alde-
hyde 2E-tridecen-1-al under the impact of foliar fertilizers, whereas the untreated plants did not.

1. Introduction

The utilization of biostimulants and fertilizers plays a crucial and an
inevitable role in enhancing agricultural food output. They are impor-
tant for sustainable agriculture by enhancing plant growth and
increasing crop productivity by optimizing nutrient uptake and effi-
ciency (Hassanein et al., 2021; Ilieva and Vasileva, 2013; Kuri et al.,
2017; Mohammadipour and Souri, 2019; Olowe et al., 2020; Polo and
Mata, 2018; Pokluda et al., 2016; Rafiee et al., 2016; Roca,
Pérez-Gálvez, 2021; Saa-Silva et al., 2013; Sánchez et al., 2005; Souri,
2016). The ecological strategy towards reduction of soil fertilizers ac-
centuates the importance of using foliar nutrients (Tursun, 2022).
Contemporary biologically active compounds are highly appealing due

to their non-toxic and environmentally benign nature. Their application
is not only economically viable, but also enhances the efficacy of the
chemical fertilizers and boosts the crop yields.

Coriander (Coriandrum sativum L.) represents an extremely valuable
essential oil crop on a global scale. It belongs to the Apiaceae (Umbel-
liferae) family and is one of the oldest medicinal plants that have been
cultivated since centuries (Laribi et al., 2015; Nagre and Yadav, 2017).
The most used part of coriander plants are their seeds, which contain
essential oil and is widely used in the cosmetic, pharmaceutical and food
industries (Gokduman and Telci, 2018; Huzar et al., 2018; Sourmaghi
et al., 2015). Furthermore, coriander essential oils possess antibacterial,
antioxidant, antidepressive, antifungal, anticancer, antimutagenic, and
diuretic properties (Momin et al., 2012; Nguyen et al., 2020).
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The agricultural practices, agroecological and climatic conditions
can influence productivity and essential oil composition of coriander
varieties (Aqeel et al., 2023; Mazrou, 2019; Telci et al., 2006; Tursun,
2022). A number of experiments have confirmed the positive influence
of different foliar products, such as growth regulators, biostimulants,
retardants, bacterial products, vitamins, organic substances and
anti-stress products) on elements of productivity, seed yield and essen-
tial oil content of coriander (Andrabi et al., 2019; Haokip et al., 2016;
Massoud et al., 2016; Mounika et al., 2018; Mohammadipour and Souri,
2019; Nisarata et al., 2020; Parmar et al., 2018; Sahu et al., 2022; Serri
et al., 2021; Singh et al., 2017; Yugandhar et al., 2017). Among the
various foliar-applicable products the use of fulvic acid and amino acid
had a significant effect on reproduction and growth characteristics of
coriander. Amino acids stimulate growth and productivity of coriander
plants (Hassanein et al., 2022; Rezakhani, Hadi, 2017; Wafaa et al.,
2021) and have a positive effect on essential oil content and yield
(Abd-Allah et al., 2021; Georgieva et al., 2022; Sowmya et al., 2023).
The foliar application of seaweed extract and moringa extract showed
positive effects on the β-linalool percentage and enhanced its content
and concentration in coriander (Mazrou, 2019; Tursun, 2022).

However, there is a scarcity of research in Bulgaria regarding the

impact of foliar products on coriander. Specifically, the effects of new
foliar biostimulants, mineral and organic fertilizers such as Energy,
Fulvin, and Isabion on the productivity and essential oil composition of
coriander cultivars from various sources have not been studied.

The primary objective of this study is to investigate the impact of
foliar application of biostimulant, mineral and organic fertilizers on the
seed yield, essential oil percentage as well as essential oil components of
five coriander varieties.

2. Materials and methods

2.1. Field experiment

The field experiment was conducted in the period 2020–2022 in the
region of Plovdiv, Bulgaria, on alluvial-meadow soil (Gyurov and Arti-
nova, 2015), after a preceding crop winter wheat. The soil has following
agrochemical parameters: Organic matter (Humus) – 1.37%; pH 6.9; N –
16.24mg/kg; P2O5 – 8.69mg/100 g of soil; K2O – 31.79mg/100 g of
soil.

The experiment was set by the method of fraction parcels in four
repetitions for each variety, with size of the crop parcel – 15m2. Three
foliar products were examined in the relevant doses: Energy 20–8–60 –
25 L ha− 1; Fulvin 40–22 – 80 L ha− 1; Isabion – 30 L ha− 1. The treated
plants were compared to an untreated control (Their chemical structure
and the treatment dose are presented in Table 1).

The tested foliar products were applied once in the crop stage end of
budding to five coriander cultivars: Yantar, Moroccan, Mesten Drebno-
ploden, Thüringen and Marino (The examined varieties and their place
of origin are shown in Table 2). The following characteristics were re-
ported: seed yield, essential oil content and chemical composition.

Table 1
Description of the foliar treatment products.

Treatment
option

Product Producer Chemical composition Treatment
dose

В1 Control   
В2 Mineral gel fertilizer – Grow energy 20–8–60+2%

MgO+ME+ amino acids and algae extract
Vakichim N− 20%; P2O5 − 8%; К2O− 60%; MgO- 2%; SO3− 30%; Fe− 0.06%;

Mg− 0.05%; Zn- 0.035%; Cu− 0.065%; B− 0.04%; Mo− 0.002%.
25 L ha− 1

В3 Fulvin liquid organic fertilizer 4–3–3 40–22 JISA Organic substances - 40%; fulvic acids - 22%; C− 23.2%; N− 4.5 %;
P2O5-3 %, K2O- 3%

80 L ha− 1

В4 Isabion biostimulant Syngenta Free amino acids of animal origin and peptides 30 L ha− 1

Table 2
Varieties and place of origin.

Option Variety Place of origin

А1 Yantar Russia
А2 Morrocan Italy
А3 Mesten Drebnoploden Bulgaria
А4 Thüringen Germany
А5 Marino Nietherlands
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Fig. 1. Precipitation during the vegetation period of coriander, mm.
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The experiment was carried out following the adopted cultivation
technology by the following practices: soil cultivation - ploughing of the
stubble in August and ploughing at a depth of 20–22 cm in October,
twice pre-sowing cultivation with harrowing, the last being at a depth of
5–6 cm. The fertilizer was applied at sowing of di-ammonium phosphate
(P-N 48–18) at a rate of 200 kg ha− 1. Each experimental year, the sowing
was carried out in the period of 20–25 February at spacing between the
rows 12–15 cm and a seed rate of 250 germinating seeds per m2 at a
depth of 3–4 cm. Weeds were controlled by treatment with the herbicide
Praxim (500 g L− 1 metobromuron) – 2.50 L ha− 1, applied in BBCH
12–13 of coriander (2nd – 3rd true leaf unfolded) (Neshev et al., 2022).
At “rosette” stage dressing with 100 kg ha− 1 N was applied. Harvesting
was done at full crop maturity. The seed yield was determined with
standard grain moisture of 9%.

2.2. Weather conditions

Themajor climatic factors determining the growth, development and
productivity of coriander are temperature and precipitation, their
combination and distribution throughout the vegetation season. The
years of the study (2020–2022) differed significantly in the amount and
distribution of rainfall during vegetation (Fig. 1). Its amount in the first
experimental year was 347.7mm, i.e. 55.7mm higher than the amount
measured for a long period of time. The amount of rainfall between
February- July in the second experimental year was 351mm or 59mm
higher than the values for the period 1961–1991, which determined
2021 year of the experiment as good for the studied varieties. The least
amount of vegetation precipitation was reported in 2022 – only 224mm,
versus 292mm measured for a long period of time. During the ripening
stage (July) there was a substantial reduction in rainfall. This had an
advantageous impact on the seed yield and on the essential oil content.
Among the three years of study, the most favorable for the coriander
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Fig. 2. Average monthly air temperature during the vegetation period of coriander, 0C.

Table 3
Seed yield of coriander.

Seeds yield, t ha− 1

Year Option Yantar Morrocan Mesten Drebnoploden Thüringen Marino

2020 Control 1.45c 2.12c 2.03d 1.68c 1.62c

Energy 20–8–60 1.49b 2.23b 2.17bc 1.78b 1.73b

Fulvin 40–22 1.50b 2.24b 2.19b 1.77b 1.70b

Isabion
LSD5 %

1.58a

0.04
2.38a

0.10
2.25a

0.03
1.82a

0.02
1.78a

0.04

2021 Control 1.53d 2.21c 2.14d 1.77c 1.71d

Energy 20–8–60 1.59bc 2.35b 2.27bc 1.83b 1.81c

Fulvin 40–22 1.62b 2.36b 2.29b 1.84b 1.83b

Isabion
LSD5 %

1.66a

0.03
2.51a

0.14
2.39a

0.09
1.95a

0.05
1.88a

0.01

2022 Control 1.39d 2.08c 2.06c 1.60c 1.61d

Energy 20–8–60 1.46b 2.22b 2.18b 1.63b 1.69bc

Fulvin 40–22 1.48bc 2.23b 2.17b 1.63b 1.71ab

Isabion
LSD5 %

1.51a

0.02
2.29a

0.05
2.21a

0.01
1.72a

0.02
1.73a

0.07
Average for the period Control 1.45 2.14 2.08 1.68 1.65

Energy 20–8–60 1.51 2.27 2.21 1.75 1.74
Fulvin 40–22 1.53 2.27 2.22 1.75 1.75
Isabion 1.58 2.32 2.28 1.83 1.80

* Means within columns followed by different lowercase letters are significantly different
(P<0.05) according to the LSD test
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seed yield was 2021 and referring to the essential oil content, 2022
proved to be the best.

Upon comparing the average monthly temperatures over the period
of the study, it was seen that they were closely similar in all three years

and were higher than the long-term measurements (Fig. 2). The tem-
perature values, when combined with the reported vegetation precipi-
tation, directly influenced the growth and development of the plants.

Table 4
Two-factor analysis of variance of seed yield.

Year Source of variation df Mean Square
(MS)

F P-value F crit

2020 Variety (А) 4 0.110 82.081 0.00* 2.758
Foliar treatment products (В) 3 1.577 1173.268 0.00* 2.525
Interaction (АхВ) 12 0.003 2.139 0.00* 1.917
Error 60 0.001   

2021 Variety (А) 4 0.138 120.244 0.00* 2.758
Foliar treatment products (В) 3 1.690 1468.297 0.00* 2.525
Interaction (АхВ) 12 0.003 2.795 0.00* 1.917
Error 60 0.001   

2022 Variety (А) 4 0.074 30.220 0.00* 2.758
Foliar treatment products (В) 3 1.744 716.566 0.00* 2.525
Interaction (АхВ) 12 0.003 1.272 0.26 ns 1.917
Error 60 0.002   

* Significant interaction at Р < 0.05, ns – non-significant effect of the factor

Table 5
Essential oil content of coriander.

Essential oil content, %

Year Option Yantar Morrocan Mesten Drebnoploden Thüringen Marino

2020 Control 0.67d 0.57c 0.59c 0.54c 0.38d

Energy 20–8–60 0.75а 0.63a 0.65a 0.58a 0.42a

Fulvin 40–22 0.73б 0.60b 0.63b 0.56b 0.40b

Isabion
LSD5 %

0.71bc

0.02
0.62a

0.01
0.62b

0.02
0.56b

0.01
0.39bc

0.01

2021 Control 0.45c 0.36b 0.42a 0.32b 0.20b

Energy 20–8–60 0.49a 0.39ab 0.44a 0.35ab 0.22ab

Fulvin 40–22 0.47b 0.38b 0.43a 0.34b 0.21b

Isabion
LSD5 %

0.46cb

0.01
0.37b

0.02
0.43a

0.10
0.33b

0.11
0.21b

0.01

2022 Control 0.74c 0.61c 0.64c 0.59c 0.45c

Energy 20–8–60 0.83a 0.68a 0.71a 0.64ab 0.50a

Fulvin 40–22 0.78b 0.63b 0.67b 0.63b 0.47b

Isabion
LSD5 %

0.77b

0.03
0.64b

0.02
0.69ab

0.02
0.61b

0.02
0.46b

0.01

Average for the period Control 0.62 0.51 0.55 0.48 0.34
Energy 20–8–60 0.69 0.57 0.60 0.52 0.38
Fulvin 40–22 0.66 0.54 0.58 0.51 0.36
Isabion 0.65 0.54 0.58 0.50 0.35

* Means within columns followed by different lowercase letters are significantly different
(P<0.05) according to the LSD test

Table 6
Two-factor analysis of variance of essential oil content.

Year Source of variation df Mean Square
(MS)

F P-value F crit

Variety (А) 4 0.271 59.518 0.00* 2.525
2020 Foliar products (В) 3 0.022 4.780 0.00* 2.758

Interaction (АхВ) 12 0.006 1.246 0.27 ns 1.917
Error 60 0.005   

2021 Variety (А) 4 0.157 126.414 0.00* 2.525
Foliar products (В) 3 0.003 2.241 0.09ns 2.758
Interaction (АхВ) 12 0.0001 0.084 1.00ns 1.917
Error 60 0.001   

2022 Variety (А) 4 0.199 69.861 0.00* 2.525
Foliar products (В) 3 0.012 4.333 0.01* 2.758
Interaction (АхВ) 12 0.001 0.504 0.90 ns 1.917
Error 60 0.003   

* Significant interaction at Р < 0.05, ns – non-significant effect of the factorTable 3: Seed yield and essential oil content in coriander
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2.3. Essential oil extraction

Essential oil content was determined by the method of water-steam
distillation done in Clevenger apparatus. Each plant option was set
with samples weighing from 50 g to 200 g in 800 mL of water and air
temperature 20 ◦С ± 2. The raw material - mature coriander seeds - was
smashed before the thermal processing with the purpose of accelerating
the process and revealing the essential oil receptacles. The distillation
continued 2 hours, counted from the emergence of the first drop of
essential oil (Clevenger, 1928).

2.4. Gas chromatography – mass spectrometry analysis (GC–MS)

The chemical compound composition of coriander essential oil was
analysed at the research Centre in Plant Biotechnology- "ABI" - Agro-
bioinstitute - Sofia. The analysis of coriander essential oil was conducted
using gas chromatography-mass spectrometry (GC-MS) with an Agilent
7890 A instrument fitted with an Agilent 5975 C mass spectrometer
detector. An electron ionization energy of 70 eV was observed
throughout a scan range of m/z 45–550. Compounds were separated by
chromatography using a DB-5MS capillary column with the prescribed
parameters: a 0.25 μm thickness, a 30 m length, and an internal diam-
eter of 0.32 mm. The carrier gas used was helium, supplied at a flow rate
of 1.0 mL per min. The temperature at the inlet was 250 ◦C. The tem-
perature program for the GC oven was structured as follows: an initial
temperature of 40 ◦C, maintained for 2 minutes, increased by 5 ◦C per
minute to 300 ◦C, and then maintained at 300 ◦C for 10 min. A 1 % (v/
v) solution of the sample in n-Hexane was produced and injected at a
concentration of 1 microliter using a split ratio of 100:1. The compounds
were determined by comparing the retention times and relative Kovats
retention indices (RI) - obtained by injection of a mixture of n-Alkanes
(C8-C20) under identical experimental conditions with those of standard
substances and mass spectral data from the libraries of NIST’08 (Na-
tional Institute of Standards and Technology, USA) and Adams Library.

In order to determine the essential oil structure, the preparation of
the samples included the dissolution of 20,0 µL of essential oil into
380,0 µL of n-Hexane, respectively for each sample. Thus, the received
solution was analyzed via gas chromatography with flame-ionization
detector and mass spectrometer (GC-FID/MS).

2.5. Statistical analysis

A two-factor analysis of variance (ANOVA) was performed in order
to establish the effect of the preparation on each coriander variety. Using
the model of the two-way analysis of variance, the effect of the different
preparations on the examined coriander varieties was studied.

A main task of the analysis of variance is to determine the individual
or combined effect of a single or more factors on another indicator, as
well as to estimate these effects.

Using different mathematical approaches, the following have been
established:

− The influence of different preparations on the examined five cori-
ander cultivars - via the two-factor analysis of variance (ANOVA);

3. Results and discussion

The foliar products applied in the present study influenced positively
the values of the productive indicator Seed Yield (t ha− 1) concerning all
tested cultivars. The Moroccan variety reacted most strongly to the
application of the Isabion, resulting in an increase in yield from
261 kg ha− 1 in the 2020–296 kg ha− 1 in 2021 and further to
204 kg ha− 1 in 2022, followed by the Mesten drebnoploden, which
experienced yield increases of 217, 249, and 149 kg ha− 1, and the
Thüringen, which demonstrated yields 127–183 kg ha− 1 higher than the
control. The Yantar variety exhibited the lowest response to the appliedTa
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biostumulator Isabion, with a yield increase ranging from 8.6 % to 9.1 %
compared to the control over the course of three years. Applying the
products Energy 20–8–60 – 25 L ha− 1 and Fulvin 40–22 – 80 L ha− 1 to
the coriander varieties resulted in an increase in seed yield. Specifically,
the Thüringen variety had a 1.8 % rise, while the Mesten drebnoploden
showed a 7.9 % increase compared to the control (Table 3).

Compared to the control, the highest yield was registered for the
treatment with the Isabion. Averagely for the experimental period
(2020–2022), Isabion contributed to an increase in seed yield obtained
by the studied varieties from 8.8 % (1.58 t ha− 1) to 9.9 % (2.32 t ha− 1),

compared with the relevant control values − 1.45 t ha− 1 and 2.14 t ha− 1,
in contrast the increase with the other products was from 3.7 % to 6.7 %.

The reported results were statistically significant. The two-factor
analysis of variance showed strong statistical influence on seed yield
with relation to the varieties and the foliar products, as well.

The interaction between both factors in 2020 and 2021 was statis-
tically significant, and the same was non-significant in 2022 (Table 4).

The applied foliar products increase seed yield in coriander, which
could reach up to 13.4 %, compared to the control, depending on the
annual climatic factors. Other writers have corroborated the findings,
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Fig. 3. Geraniol content (%) of coriander seeds essential oil through GC-MS.

Table 8
β-Linalool content of coriander seeds essential oil through GC-MS, %.

Year Treatment\Sort Yantar Thüringen Marino Morrocan Mesten drebnoploden

2020 control 62.95 60.28 61.86 61.62 60.35

Energy 20–8–60
65.20 64.43 60.45 62.70 56.05

Fulvin 40–22
61.68 62.04 56.70 63.01 58.35

Isabion
58.98 63.70 59.36 62.09 69.96

    
2021 control 68.33 70.88 69.50 71.38 70.75

Energy 20–8–60
69.23 66.82 66.33 67.07 70.55

Fulvin 40–22
70.30 66.80 75.03 73.68 67.86

Isabion
71.04 67.98 74.13 79.84 71.30

    
2022 control 66.16 65.97 66.45 68.2 67.82

Energy 20–8–60
65.72 63.50 62.97 63.78 67.61

Fulvin 40–22
69.03 63.48 72.53 71.65 64.65

Isabion
68.14 64.78 71.54 77.82 68.43
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stating that the use of foliar treatments can lead to an increase in seed
yield ranging from 4 % to 19 % compared to the control group
(Georgieva et al., 2022; Sahu et al., 2022; Szempliński et al., 2018;
Yugandhar et al., 2016, 2017; Vinogradov et al., 2018).

Seed quality in coriander varieties depends on the essential oil con-
tent. The values of this indicator are affected by the varying annual
meteorological conditions and the foliar products as well (Table 5).

Unlike the other studied indicators, which exhibit higher values
during years characterized by abundant and evenly distributed precip-
itation, the essential oil content is influenced by arid and hot weather
conditions, as well as reduced precipitation during seed ripening
(Zheljazkov et al., 2008; Georgieva et al., 2022).

In 2022, the essential oil content reached its highest value due to a
temperature increase of 2.8 ºC compared to the multi-year period.
Additionally, the amount of precipitation decreased with 6.75 mm of
rainfall compared to the usual 49 mm. The controlled variants have an
essential oil content ranging from 0.59 % to 0.74 %. In the treated
variants, the coriander varieties have a higher essential oil content,
ranging from 0.63 % in the Thüringen and Moroccan varieties to 0.83 %
in the Yantar variety. This represents an increase of 3.3–12.2 %.

Average for the period, the essential oil content in the control plants
was from 0.34 % to 0.62 %, and in the treated options – from 0.35 % for
the cultivar Marino to 0.69 % for the Yantar. Throughout the trial
period, all treatments surpassed the control, with values ranging from
2.9 % to 11.8 %. Numerous authors have established that the applica-
tion of foliar products leads to an increase in essential oil content
(Hristova and Nenkova, 2012; Kolev et al., 2005; Mazrou, 2019; Pra-
thibha et al., 2018; Rezakhani, Hadi, 2017).

It was statistically significant that the product Energy 20–8–60
affected essential oil content to the highest extent. These values were
from 8.3 % for the Thüringen variety to 11.8 % for the Morrocan and
Marino varieties. The application of Isabion and Fulvin to coriander
plants increased the essential oil content from 2.9 % (Marino) to 6.5 %
(Yantar). According to many authors, the essential oil content varies
depending on the applied foliar products (Kurmi et al., 2020; Rahimi
et al., 2009; Tursun, 2022).

The two-factor analysis of variance showed that with relation to the
factor Variety, F value was greater than F crit. during the three experi-
mental years. It was evident that this factor had a significant effect on
essential oil content. Regarding the factor Foliar Products, in 2021 F
value was less than F crit. It determined this factor as one that had a non-
significant effect on essential oil content. In 2020 and 2022 the influence
on this indicator was significant. The interaction of the factors on the
indicator Essential Oil Content was non-significant during the experi-
mental years (Table 6).

In total were identified 46 components in coriander essential oil,
which represented between 98.8 % and 99.8 % of it. Table 7 displays the
20 most significant chemical constituents of the examined varieties
together with their respective percentage makeup. A dominant essential

oil component is the monoterpenoid. Geraniol is a monoterpenoid,
which varied from 2.20 % to 4.44 % during the experimental period.
Taking into account Mesten Drebnoploden variety, after its treatment
with Isabion biostimulant in the three experimental years there were
reported rises in geraniol concentration in comparison to the control
options, as follows: in 2020 - from 3.81 % to 4.0 %, in 2021 - from
2.84 % to 2.90 % and in 2022 - from 3.12 % to 3.19 % (Fig. 3).

The main component of coriander essential oil is β-linalool, which
content varied from 56.05 % to 79.84 % during the experimental period.
Regarding Morrocan variety, when treated with the product Isabion and
the organic preparat Fulvin, an increase in the β-linalool content during
the three years of study was recorded. The β-linalool content in the
treatment with Isabion was reported with 62.09 %, 79.84 %, and
71.05 %, and in the variant treated with Fulvin 40–22 - with 63.01 %,
73.68 % and 71.05 %, compared to the control values – 63.01 %,
71.38 % and 68.52 % in 2020, 2021 and 2022, correspondingly.

The biostimulant Isabion had a positive effect on β-linalool content
for Mesten Drebnoploden variety, as β-linalool increase was with 15.9 %
in 2020, 0.77 % in 2021 and 0.89 % in 2022, compared to the values of
the control plants. As a result of the application of Fulvin 40–22 to
Morrocan variety in 2020, 2021 and 2022, an increase in β-linalool
concentrations with 2.26 %, 3.23 % and 3.70 %, correspondingly,
compared to the controls was reported. Taking into account Yantar va-
riety, after the application of foliar product Energy, β-linalool content
grew with 1.4 % average for the period (Table 8). This corresponded to
the results showing the β-linalool increase with 2.7 % after foliar
treatment with amino acids-containing product (Humiforte)
(Mohammad Reza Haj Seyed Hadia et al., 2022).

The presence of the aldehyde 2E-tridecenen-1-al was reported under
the influence of the treatment with foliar biostimulant products in all
tested varieties (concentrations from 0.038 % to 0.674 %), which was
absent in the untreated plants (Table 9). It was found that the content of
aldehydes in the essential oil of the varieties Yantar and Marino was
significantly affected by treatment with Isabion, with a significant in-
crease compared to the controls.

4. Conclusions

Overall, it can be inferred that the utilization of foliar biostimulant,
mineral, and organic fertilizers to coriander varieties resulted in changes
to agronomic indicators and the composition of essential oils. Coriander
cultivars showed high responsiveness to the application of foliar fertil-
izers and biostimulators. Foliar spray of 25 L ha− 1 Energy, 80 L ha− 1

Fulvin and 30 L ha− 1 Isabion enhanced seed yield by 4.2–9.6 % and
essential oil content up to 11.8 % in all coriander varieties than control.

The Isabion biostimulant increased the content of the main com-
pound - β-linalool in the essential oil of Morrocan variety by 8.9 % and
Marino and Mesten Drebnoploden by 3.6 and 5.4 % respectively,
compared to the control. The foliar application of Energy 20–8–60

Table 9
2E-tridecene − 1-al content of coriander seeds essential oil through GC-MS, %.

Year Treatment\Sort Yantar Thüringen Marino Morrocan Mesten drebnoploden

2020 control nd nd nd nd nd
Energy 20–8–60 0.15 0.19 0.62 0.04 0.14
Fulvin 40–22 0.09 0.04 0.04 0.04 0.01
Isabion 0.49 0.13 0.35 0.02 0.06

2021 control nd nd nd nd nd
Energy 20–8–60 0.10 0.19 0.20 0.05 0.27
Fulvin 40–22 0.11 0.17 0.07 0.17 0.23
Isabion 0.61 0.13 0.09 0.14 0.12

2022 control nd nd nd nd nd
Energy 20–8–60 0.11 0.21 0.22 0.06 0.29
Fulvin 40–22 0.12 0.19 0.08 0.19 0.25
Isabion 0.67 0.14 0.10 0.15 0.14
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fertilizer led to a decrease of β-linalool percentage in Marino, Morrocan,
Mesten Drebnoploden and Thüringen varieties.

All studied varieties exhibited the presence of aldehyde 2E-tridecen-
1-al under the impact of foliar fertilizers, whereas the untreated plants
did not.
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hydrodistillation conditions on yield and composition of coriander (Coriandrum
sativum L.) essential oil. Pol. J. Food Nutr. Sci. 68, 243–250.

Ilieva, A., Vasileva, V., 2013. Effect of liquid organic humate fertilizer Humustim on
chemical composition of spring forage pea. Banat’s J. Biotechnol. 4 (7), 74.

Kolev, T., Ivanova, I., Nenkova, D., 2005. Effects of several plant growth regulators on
the productivity and essential oil content of coriander (Coriandrum sativum L.).
Bulg. J. Agric. Sci. 11, 517–575.

Kuri, B.R., Jat, N.L., Shivran, A.C., Jat, S.L., Lalit, K., Panwar, S., Parihar, C.M., 2017.
Yield, economics, nutrient uptake and quality of coriander (Coriandrum sativum)
under different sowing time, varieties and plant growth regulators. Indian J. Agric.
Sci. 87 (3), 407–413. https://doi.org/10.56093/ijas.v87i3.68788.

Kurmi, A.K., Naruka, I.S., Kushwah, S.S., Shaktawat, R.P.S., 2020. Effect of plant growth
regulators on growth, yield and quality of coriander (Coriandrum sativum L.).
Environ. Ecol. 38 (3B), 710–714.

Laribi, B., Kouki, K., M’Hamdi, M., Bettaieba, T., 2015. Coriander (Coriandrum sativum
L.) and its bioactive constituents. Fitoterapia 103, 9–26. https://doi.org/10.1016/j.
fitote.2015.03.012.

Massoud, H.Y., Abdelkader, H.H., El-Ghadban, E.A., Mohammed, R.M., 2016. Improving
growth and active constituents of (Coriandrum sativum l.) plant using some natural
stimulants under different climate conditions. J. Plant Prod. 7 (6), 659–669.

Mazrou, R.M., 2019. Moringa leaf extract application as a natural biostimulant improves
the volatile oil content, radical scavenging activity and total phenolics of coriander.
J. Med. Plant Stud. 7, 45–51.

Mohammad Reza Haj Seyed Hadia, Amir Rezakhanib, Darzia, Mohammad Taghi, 2022.
Composition of essential oil in coriander (Coriandrum sativum L.) as influenced by
manure and amino acid application. J. Org. Farming Med. Plants 1 (1), 27–35.

Mohammadipour, N., Souri, M.K., 2019. Effects of different levels of glycine in the
nutrient solution on the growth, nutrient composition, and antioxidant activity of
coriander (Coriandrum sativum L.). Acta Agrobot. 72 (1).

Momin, A.H., Acharya, S.S., Gajjar, A.V., 2012. Coriandrum sativum-review of advances
in phytopharmacology. Int. J. Pharm. Sci. Res. 3 (5), 1233.

Mounika, Y., Thanuja Sivaram, G., Syam Sundar Reddy, P., Ramaiah, M., 2018. Influence
of biofertilizers and micronutrients on growth, seed yield and quality of coriander
(Coriandrum sativum L.) cv. Sadhana. Int. J. Curr. Microbiol. Appl. Sci. 7 (1),
2099–2107.

Nagre, P.K., Yadav, H., 2017. Influence of different levels of nitrogen and phosphorus on
seed yield and economics of coriander (Coriandrum sativum L.). J. Pharmacogn.
Phytochem. 6 (5), 157–160.

Neshev, N., Shishkova, M., Delibaltova, V., Mitkov, A., Yanev, M., Chavdarov, P.,
Nesheva, M., 2022. Study on the herbicide Praxim (500 g L-metobromuron) applied
for weed control in coriander (Coriandrum sativum L.). Eur. J. HORTICULTURAL Sci.
87 (4).

Nguyen, D.T., Kitayama, M., Lu, N., Takagaki, M., 2020. Improving secondary metabolite
accumulation, mineral content, and growth of coriander (Coriandrum sativum L.) by
regulating light quality in a plant factory. J. Hortic. Sci. Biotechnol. 95 (3), 356–363.

Nisarata, N.V., Patel, K.M., Muniya, S.S., Chaudhari, G.I., Chauhan, Z.Y., 2020. Influence
of organic and inorganic sources of nutrients on growth and yield of coriander
(Coriandrum sativum L.). Int. J. Curr. Microbiol. Appl. Sci. 11, 2215–2223.

Olowe, O.M., Akanmu, A.O., Asemoloye, M.D., 2020. Exploration of microbial stimulants
for induction of systemic resistance in plant disease management. Ann. Appl. Biol.
177 (3), 282–293.

Parmar, V.K., Vekariya, P.D., Der, Y.A., Thummar, V.M., 2018. Effect of plant growth
regulators on growth and yield of coriander (Coriandrum sativum L.). IJCS 6 (6),
2869–2870.

Pokluda, R., Sękara, A., Jezdinský, A., Kalisz, A., Neugebauerová, J., Grabowska, A.,
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