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Abstract: Essential oils are a rich source of compounds for botanical pesticides. This study aimed to
characterize the chemical composition of essential oil from parsley seeds and its phytotoxicity
against germination and initial growth of wheat and mustard. The main compounds of the oil were
a-pinene, B-pinene, and apiol. In a Petri dish experiment, the oil inhibited percentage of germinating
seeds of both species. However, the elongation growth of seedlings of both species was more inhib-
ited, especially for wheat. In conclusion, parsley oil displays phytotoxic potential against studied
species, which should also be tested in soil conditions and against weeds.
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1. Introduction

Garden parsley (Petroselinum crispum (Mill.) Fuss.) is a species of flowering plant in
the family Apiaceae, a well-known vegetable of edible leaves and roots [1]. Seeds of pars-
ley contain edible oil [2], but also the essential oil [3,4]. The essential oil of parsley has
several properties, including antioxidant and laxative [5,6]. The oil displays also insecti-
cidal effects [7] but the phytotoxic effects of parsley oil have not been studied so far. How-
ever, Dhima et al. [8] studied the competitiveness of parsley against weeds in the field
conditions, and they found that it was a poor weed competitor, that reduced weed infes-
tation up to 30% only.

The market faces a continuous decrease in the number of synthetic herbicides for
weed control due to the emergence of resistant biotypes and adverse impacts on the en-
vironment [9]. In this context, the demand for safe green products increases, and research
on natural products with herbicidal activity is of particular interestfor producers and con-
sumers [10,11]. Essential oils of plant origin are a rich source of biologically active com-
pounds that could be applied in the future as botanical herbicides [12,13]. Therefore, this
work aimed at chemical analysis of the essential oil from parsley seeds and their phyto-
toxic effect against germination and seedlings growth of spring wheat (Triticum aestivum
L.) and white mustard (Sinapis alba L.).

2. Materials and Methods

Seeds of garden parsley (Petroselinum crispum (Mill.) Fuss.) were collected from
southern Poland’s organic fields in summer 2017. Seeds were milled and hydrodistilled
for four hours using the Deryng apparatus [14]. A resulting essential oil (EO) was dried
with MgSOs. Next, the EO was analyzed by gas chromatography coupled with mass spec-
trometry (GC-FID-MS), using a Trace GC Ultra gas chromatograph coupled with DSQ II
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mass spectrometer (Thermo Electron Corporation). The percentages of constituents were
computed from the GC peak area without using a correction factor [12]. Identification of
the components was based on comparing their mass spectra and linear retention indices
(RI, non-polar column) with those in [15] and computer libraries: NIST 2011 and Mass-
Finder 4.1.

Until tests, the parsley EO was stored in a dark glass in a cool place. The biological
tests were performed in three replications, two series and two seasons, 2018 and 2020.
Seeds of spring wheat cv. Harenda (breeder: MHR, PL) in 2018 and Blondynka (breeder:
IHAR, ZD Grodkowice, PL) in 2020, and white mustard cv. Borowska (breeder: MHR, PL)
were used. Oil in water (o/w) emulsions with the five EO doses namely 0.6 g, 1.0g,14 g,
2,8 g, and 4.3 g L-'were prepared. A 2.0% aqueous solution of acetone was used as a carrier.
The parsley EO’s specific density is in a range 1.043-1.110 g cm™ [16], which is why the
EO and water with acetone were weighed out (w/w). Dry and clean Petri dishes (11 cm
diameter) were lined with two autoclaved filter paper pieces. Seven grams of o/w emul-
sion per dish was poured evenly. The emulsions contained: 0.004; 0.007; 0.01; 0.02 and 0.03
g EO per dish. The tested plants’” seeds were first surface-sterilized with 5% ethanol and
rinsed with water. Next, 20 seeds of each species, separately, were placed in each dish.
The dishes were put in thin polypropylene bags to reduce the EO evaporation and placed
in a shadow place at a room temperature of 22 + 3 °C. After seven days, the seedlings were
counted, and their leaf/shoot and roots measured with a ruler. A dose-response test, using
a ‘drc’ package in the R program ver. 3.5.3. [17], was performed. The ED50 value, i.e., a
dose causing a 50% reduction of a plant trait, was calculated for the percentage of germi-
nation and seedlings’ leaves/shoots and roots length. One-way ANOVA for a randomized
design was applied to test differences between the EO concentrations, and means were
separated using the Tukey test. Since the series in 2018 and 2020 were significantly differ-
ent, they were analyzed separately.

3. Results and Discussion

The average yield of the parsley EO was 0.76%. In the analysed parsley seed essential
o0il 20 compounds were identified by GC-MS (Table 1). The main compounds constituted
98% of the oil. The analyzed EO’s chemical composition was typical for this oil [3]. Main
compounds were monotorpene hydrocarbons: a-pinene (37.1%), f-pinene (26.2%) and
phenylopropanoid apiol (23.8%). The three compounds accounted for almost 90% of the
essential oil composition. Apiol is a well-known compound for its human toxic properties
[18]. Apiol as well as myristicin (7.1% in the essential oil) displays insecticide action with
LD50 value around 10 ppm [19].

The composition was qualitatively consistent with previous reports [20,21], however,
1-allyl-2,3,4,5, tetramethoxybenzene, a compound differentiating seed from leaf oil has
not been found. It has been proven that the proportions of compounds are varying be-
tween cultivars [21].

Table 1. Chemical composition of parsley oil with average content of main compounds [%)].

Compound Rlexp? Rl 2 [%]
a-Thujene 928 926 0.3
a-Pinene 932 936 37.1
Camphene 946 950 0.2
Sabinene 970 973 1.0
[-Pinene 976 978 26.2
p-Cymene 1012 1015 0.2
[-Phellandrene 1020 1024 0.7
Limonene 1023 1025 0.5
v-Terpinene 1049 1051 0.7

a-Terpinyl acetate 1333 1335 0.1
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(E)-p-Farnesene 1447 1446 0.1
Myristicin 1490 1489 7.1
Apiol 1651 1649 23.8

1 RI exp.—experimental retention index; 2 RI lit—standard retention index.

Both wheat cultivars displayed a different germination pattern in the presence of
parsley EO (Table 2) —wheat cv. Harenda germinated in a much higher percent, even in
the presence of the highest EO dose (Figure 1A), compared to cv. Blondynka. On the other
hand, the EO strongly inhibited, by >90%, the elongation of both wheat cultivars’ coleop-
tiles and roots, already at the lowest dose.

Table 2. Germination and seedlings growth of wheat cv. Harenda (an experiment in 2018) and cv. Blondynka (an experi-
ment in 2020) in the presence of growing doses of parsley essential oil.

cv. Harenda cv. Blondynka

(l;(;)s:r(gilzl?) Germinated Leaf Root Germinated Leaf Root
[%] [mm] [mm] [%] [mm] [mm]

0 100+0 622+225a 100+9.69 a 91.7+36a 244+391a 483+129a
0.004 98.3+1.36 538+0.47b 3.47+036b 11.7+593b 3.05+£0.68b 4.88+1.31b
0.007 98.3+1.36 3.84+024b 247x0.16Db 333+12.1Db 195+0.39b 3.04+0.84Db

0.01 95.0+0 221+035b 1.37+0.02b 183+3.6b 143+£0.19b 150+0.11b

0.02 83.3+1.36 1.66 +024b 1.32+0.06 b 16.7+1.36 b 1.17+0.14b 1.32+0.04b

0.03 63.3 £9.81 1.33+0.16b 1.22+0.11b 13.3+2.72b 1.33+0.14b 1.10+0.01b
ED50 0.04 0.002 0.0003 0.002 0.0004 0.003

ldiverse letter in the column denotes a significant difference between means, according to the Tukey test at p <0.05.

(A)

Figure 1. Seedlings of wheat cv. Harenda (A) and white mustard (B) after seven days of germina-
tion in the presence of growing doses of parsley essential oil.

The germination and initial growth of mustard were also different between the sea-
sons, especially in terms of germination percentage, which was higher in 2018 (Figure 1B).
It was similar for the three highest doses of the EO (Table 3). Germination of mustard in
2020 showed a typical decreasing trend in response to the growing EO doses. At the same
time, the ED50 dose for germination was similar for both studied seasons. In both years,
mustard roots were more sensitive to the EQ’s presence compared to shoots. Shoots of
mustard were inhibited in a range of 60-70% and 70-80%, compared to control in 2018
and 2020, respectively. The EO’s three highest doses caused a decrease of roots length by
60-80% and 60% in 2018 and 2020, respectively.
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Table 3. Germination and seedlings growth of white mustard cv. Borowskaduring the experiments performed in 2018and
2020 in the presence of growing doses of parsley essential oil.

D fEO 2018 2020
(g(;)S:r(;)ish) Germinated Shoot Root Germinated Shoot Root
[%] [mm] [mm] [%] [mm] [mm]

0 100+£0a? 31.6£065a 229+135a 933+136a 21.2+024 a 13.2+0.99 a
0.004 433+36c¢ 132+091b 120+245b 63.3+272b 413+0.67b 9.41+054b
0.007 65.0+£6.24Db 109+0.82b 103+1.80b 51.7+9.53b 546+0.22b 6.11 +0.31bc

0.01 700+236b 930+1.03b 452+087c 583+136b 6.77+0.04b 5.25+0.05c

0.02 75.0+4.08 b 797+034b 521+0.71c 50.0+6.24Db 6.83+0.46Db 5.02+043 ¢

0.03 65.0+6.24b 936+1.60b 882+1.18b 35.0+850c 6.38+0.29b 516 +£0.25 ¢
ED50 0.03 0.0001 0.003 0.02 0.0004 0.0004

1diverse letter in the column denotes a significant difference between means, according to the Tukey test at p <0.05.

Up to date, there is a scarce literature on phytotoxic potential of parsley essential oil
[8]. The methylene chloride extracts from seeds of two other species from Apiaceae botan-
ical family, namely Ligusticum hultenii and Lomatium californicum, containg high
amounts of apiol, one of the main compounds of the parsley EO, have been studied for
phytotoxic effects against algi [22]. However, the authors found low phytotoxicity of those
extracts. Our study’s results point to the parsley oil’s phytotoxic effect on wheat and mus-
tard seedlings, which is more due to the inhibition of seedlings’ growth than germination
of seeds. The inhibition of plants’ initial growth has an environmental dimension—plants
that emerge slowly are less competitive with the neighbor species [23]. On the other hand,
considering that these experiments were performed in the in vitro conditions, the phyto-
toxicity of parsley oil should be studied further in soil as a growth-medium, which could
potentially change the effects observed in the Petri dishes [24].

4. Conclusions

To our knowledge, this is the first report on the phytotoxic effect of parsley essential
oil (EO). It was proved that the oil inhibits germination of both wheat and mustard, with
mustard germination being more inhibited as compared to wheat. On the other hand, the
parsley oil strongly inhibits the elongation growth of seedlings of both species. Wheat leaf
and root growth are negatively affected (>90%) already at the lowest dose of parsley EO—
0.004 g per 7 g of o/w emulsion, equal to 0.6 of EO g per L o/w emulsion. Mustard response
to the parsley EO is less than the wheat one and is dose-dependent, especially in root
elongation. The study should be continued to assess parsley essential oil’s effect on the
germination of weed seeds and in the different soil conditions.
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