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Abstract: Weeds are considered the main reason for crop yield loss in the world. Weed control and
management include various treatments such as cultural, physical, chemical, and biological methods.
Chemical control of weeds is the most common method; however, the application of commercial
synthetic herbicides caused several dangerous hazards in the environment including the appearance
of resistant weed biotypes. Prosopis farcta (Banks & Sol.) J.F.Macbr. (Family: Fabaceae), is a common
weed plant in the Middle East, where it is hard to eliminate due to its deep and overlapped roots.
On the other side, it has many traditional uses around the world. Herein, the essential oil (EO)
of P. farcta above-ground parts was extracted via hydrodistillation techniques and then analyzed
using gas chromatography-mass spectroscopy (GC-MS). From the GC-MS analysis, 47 compounds
were identified with a relative concentration of 98.02%, including terpenes as the main components
(95.08%). From overall identified compounds, cubenol (19.07%), trans-chrysanthenyl acetate (17.69%),
torreyol (8.28%), davana ether (3.50%), camphor (3.35%), and farnesyl acetone (3.13%) represented the
abundant constituents. Furthermore, the phytotoxic activity of the P. farcta EO was assessed against
the weed Dactyloctenium aegyptium (L.) Willd. The EO of P. farcta, at a concentration of 100 µL L−1,
significantly inhibited the germination, seedling shoot growth, and seedling root growth by 64.1,
64.0, and 73.4%, respectively. The results exhibited that the seedling root growth is the most affected
followed by the seed germination and seedling shoot growth with respective IC50 at 64.5, 80.5, and
92.9 µL L−1. It can be concluded that weeds are not absolutely harmful, but they may have beneficial
uses, such as, for example as a source of phytochemicals with application in weed control practices
(bioherbicides). It is advised to conduct additional research to characterize the allelopathic action of
the major chemicals in their pure form, either alone or in combination, against a variety of weeds.

Keywords: Mimosa farcta; invasive weeds; terpenes; allelochemicals; Egyptian crowfoot grass

1. Introduction

The uses of drugs from nature and medicinal plants have been the main targets for
the treatment of diseases since the beginning of humanity. Around the world, essential
oils (EOs) derived from different plant organs via various extraction processes are used
in the perfume and food industries [1]. These phytochemicals are mixtures of chemical
compounds, including mainly terpenes, along with other compounds like phenylpropanoid
and hydrocarbons [2]. The EOs have been reported to exhibit many potent biological activi-
ties such as antiviral [3], antimicrobial [4], antiulcer [5], antipyretic, anti-inflammatory [6,7],
antioxidant [8], and hepatoprotective [9], as well as allelopathic effects [10,11].
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Prosopis L. genus includes around 45 plant species, and it is one of the genera of
Fabaceae (Leguminosae) that is widely distributed in dry regions such as those in Asia,
Africa, the Americas, and Australia [12,13]. Prosopis farcta (Banks & Sol.) J.F.Macbr. (Syrian
mesquite) is a native plant to Asia and Northern Africa, while it is widespread as a weed in
the Middle East [14]. It is the only shrub species of the genus Prosopis, less than 100 cm in
height. This genus was documented to have a strong capability for many diverse series of
complicated compounds. Many categories of chemical components were characterized by
different Prosopis plants including flavonoids, phenolic acids, and alkaloids [15–17]. Due to
the significant chemical composition of the plant belonging to this genus, many bioactivities
were reported for the different extracts and isolated metabolites, such as antiinflammation,
antimicrobial, antioxidant, and others [18–20]. Tryptamine, tyramine, β-phenethylamine,
and piperidines were the most common components that were isolated and identified from
a variety of Prosopis species [18].

Several traditional uses were documented for the different organs of P. farcta, such
as the treatment of diarrhea, skin diseases, colds, diabetes, wound healing, measles, in-
flammation, cardiac pains, and prostate disorders [21]. In addition, the different extracts
of this plant were documented to exhibit various biological activities like antimicrobial,
antioxidant [19], neuroprotective [22], antidiabetic [23], and proliferative and angiogenic
properties [20]. Several phenolic acids and flavonoid metabolites were characterized from
the different extracts of this plant in addition to EOs, fatty acids, and proteins, while the
EOs of P. farcta is poorly studied [24,25]. Several flavonoids were characterized from the
ethyl acetate extract of P. farcta growing in Egypt including apigenin, kaempferol, and
quercetin along with their glycosides. The analysis of the EO from the Tunisian ecospecies
of P. farcta identified only 59.0% of the total mass of its EO [24], and only 42.6% of the EO
extracted from the Egyptian ecospecies was assessed [25].

Weeds represent the most deleterious pests in crops causing around 30–50% loss of
crop yields [26]. Weed removal and biomass reduction of growing areas cause the plant to
develop vegetatively [27]. In addition to decreasing crop productivity, weeds can also pose
a threat to livestock health and obstruct agricultural procedures. Herbicides are the most
effective weed control method, but they cause serious environmental damage. Herbicide
resistance reported in many species is an added concern as 166 conventional herbicides have
been shown to be ineffective against nearly 500 species of weeds [28]. However, increasing
crop production while reducing herbicide use is the biggest challenge. From the first year of
production of commercial herbicide in 1940, a million tons of commercial synthetic herbicide
were applied in agricultural practices that caused many tremendous and dangerous hazards
for the environment [29] and created more resistant weed biotypes [30]. Therefore, many
efforts from scientists and researchers were performed to find alternatives to manual
control and weed biotypes resistant to traditional synthetic herbicides [31]. This strategy
will reduce weed resistance to chemical herbicides, lower health, and environmental risks,
and boost the country’s economy.

Natural products offer an eco-friendly and safe alternative for weed control, making
them suitable for both organic and conventional farming methods [32]. The chemical
composition of essential oils comprises a broad range of functionalized chemical classes,
such as monoterpenoids, sesquiterpenoids, and phenylpropanoids, among others [2]. Plant
essential oils are produced by specialized secretory structures, including glands, secretory
hairs, resiniferous ducts, or secretory cavities, and are abundant in medicinal plants [33].
EOs derived from different plants showed potential phytotoxic activity against weeds
which attract the attention of scientists and several scientific works around the world
to be applied as eco-friendly bioherbicides [2,34]. In phytotoxicity, one species inhibits
the development of another by producing natural chemical compounds that inhibit seed
germination or growth. Among the worst weeds is Dactyloctenium aegyptium (L.) Willd.),
which is an African and Asian house plant that requires little upkeep. It is a perennial
weed that grows well in a variety of soils, especially moist soils, in moderate temperate and
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tropical regions [35]. It is a harmful weed that causes several problems during its growth
and reproduction since it reduces crop vigor and leads to loss of yield [35].

As the EO of P. farcta is poorly studied, and up to our knowledge, neither study
characterize the EO of the Saudi ecospecies nor their phytotoxicity, the current work’s goals
were: (i) determine the chemical profiling of the EO of the Saudi ecospecies of P. farcta
via gas chromatography-mass spectroscopy (GC-MS); and (ii) estimate the phytotoxic
potentiality of P. farcta EO against the germination, seedling shoot growth, and seedling
root growth of the weed D. aegyptium.

2. Materials and Methods
2.1. Collection, Authentication, and Preparation of Plant Materials

The above-ground parts of P. farcta were collected from three populations grown
naturally in Rawadat Khuraim, 100 km north of Riyadh, Saudi Arabia (25◦25′38.1′ ′ N,
47◦14′12.0′ ′ E). The shrubs of P. farcta were found in high density at the periphery of the
Sidr tree canopy (Ziziphus nummularia (Burm.f.) Wight & Arn. Numer) (Figure S1). The
plant specimen was identified and authenticated according to the flora books of Saudi
Arabia [36,37]. A voucher specimen of P. farcta was prepared, authenticated, and deposited
in the National Herbarium and Genebank, Riyadh, Saudi Arabia with ID: RIY-236779. All
the collected plant materials were carefully cleaned from the dust and then dried in the
shade at room temperature at 25± 3 ◦C for a week, then grounded into powder by a grinder
(IKA® MF 10 Basic Microfine Grinder Drive, Breisgau, Germany). The ground plant sample
was packed in plastic bags and stored in the refrigerator at 4 ◦C until further analysis.

2.2. Essential Oil Extraction

About 200 g of the air-dried powder of P. farcta above-ground parts were subjected
to hydro-distillation using the Clevenger apparatus including a glass round flask (5 L)
for three hours. The extracted EO layer was then separated using 3–5 drops of n-hexane
and immediately dried via 0.5 g of anhydrous Na2SO4. These procedures were performed
for the three collected samples of P. farcta. The EO samples were kept in dark-brown
glass vials and stored in a refrigerator adjusted at 4 ◦C till further GC-MS analysis and
biological evaluations.

2.3. Gas Chromatography-Mass Spectroscopy (GC-MS) Analysis

Each EO sample was analyzed by GC-MS, and the chemical components were identi-
fied in accordance with the same methodology and under identical conditions described be-
fore by Abdelhameed, et al. [6]. Briefly, the Thermo Scientific ISQTM EC single quadrupole
mass spectrometer and TRACE Ultra-Gas Chromatography (THERMO Scientific™ Corpo-
rate, Waltham, MA, USA) were both employed in the GC-MS analysis. A TR-5 MS column
with an internal diameter of 30 m and a film with a thickness of 0.25 mm was installed
in the GC-MS system. The carrier gas, Helium (He), was employed with a flow rate of
(1.0 mL min−1) and a split ratio of (1:10). The temperature program was set for one minute
at 60 ◦C, and then raised to 240 ◦C at one minute at a rate of 4.0 ◦C min−1. Each EO sample
was injected into the injector and detector at 210 ◦C in a tiny amount (1 µL in hexane) at a
concentration of 1:10 (v/v). Using a spectrum that ranges between m/z 40 and 450, the mass
spectral data were obtained at 70 eV using electron ionization (EI). In addition to access to
the Wiley Spectral Library collection and the NIST Library database (Gaithersburg, MD,
USA; Wiley, Hoboken, NJ, USA), which were used for the determination of the retention
indices relative to n-alkanes (C8–C22), or evaluation to the mass spectral data of authentic
components, the chemical composition was identified using the AMDIS (automated mass
spectral deconvolution and identification) software.

2.4. Phytotoxicity of P. farcta EO against D. aegyptium

The allelopathic potential of P. farcta’s EO against the weed D. aegyptium was examined.
The weed D. aegyptium’s mature seeds were gathered from contaminated agricultural fields.
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Until further inspection, the seeds of equal size were chosen and stored in paper bags at
room temperature (25 ± 3 ◦C). The seeds were surface sterilized for three minutes using
0.3% sodium hypochlorite (NaClO) prior to the setup of the experiment, three rounds of
distilled water rinsing, and sterilized drying conditions [10,38]. The concentrations of 0,
25, 50, 75, and 100 µL L−1 were created by diluting the EO with the surfactant Tween 80®

(Sigma-Aldrich, Darmstadt, Germany) in order to investigate their allelopathic activity.
Twenty sterile weed seeds were placed uniformly over the Whatman Grade 1 filter paper
that had been lined within the Petri plate (90 mm) and wetted with either 4 mL of each
concentration or Tween (as control) [39]. From each concentration, three plates were
prepared. To prevent EO leakage from plates, the three plates were sealed with Parafilm®

(Sigma, St. Louis, MO, USA). The experiment was performed three times with the biological
replicas using the three samples of P. farcta, i.e., the three populations. All the prepared
Petri plates were arranged and incubated within a growth chamber adjusted at 27 ◦C and a
12 h light/12 h dark cycle. Daily counts of the 2 mm long radicle-germinated seeds were
conducted, and on the tenth day of incubation, the lengths of all seedling roots and shoots
were measured. The following equation was used to compute the germination and seedling
growth inhibitions:

Inhibition % = 100 × (Germination or LengthControl −Germination or LengthTreatment)

(Germination or LengthControl)

The IC50 values—the concentration of the EO needed for 50% inhibition—were com-
puted based on the data of germination and seedling growth inhibition.

2.5. Statistical Analysis

Using the CoStat software, version 6.311 (CoHort Software, Monterey, CA, USA),
the results of allelopathic bioassay tests with three replicas were subjected to one-way
ANOVA at p < 0.05. In order to assess the significance of differences between pairs of
group means, Tukey’s honestly significant difference (HSD) test was utilized as a post hoc
analysis. Additionally, MS-EXCEL was used to compute exponentially the concentration of
EO necessary for 50% inhibition of D. aegyptium.

3. Results and Discussion
3.1. P. farcta Essential Oil Chemical Characterization

The hydrodistillation of the Saudi P. farcta above-ground parts yielded 0.092% (v/w)
of a pale yellow EO with a pungent smell. The yield of the oil in the present study was
higher than the documented yields of the oils derived from the different organs of the
same plant collected from Tunisia [24]. This EO was analyzed by GC-MS and the total ion
chromatogram was presented in Figure S2.

The chemical components of the EO were authenticated and identified depending
on the GC-MS analysis. The recognized chemical compounds are listed in Table 1, along
with their relative concentrations, retention times, and Kovats indexes (both calculated
and experimental). Forty-seven components were assigned representing 98.02% of over-
all oil mass. Five classes of compounds were categorized, including four oxygenated
forms of compounds, mono- (23.70%), sesqui- (58.31%), di-terpenes (1.03%), and other
oxygenated hydrocarbons (2.94%), in addition to only one non-oxygenated form of com-
pounds, sesquiterpene hydrocarbons (12.04%) (Figure S3). These results revealed that this
EO is very rich in oxygenated compounds (85.98%), while only 12.04% of non-oxygenated
constituents were assessed. Previous data on Tunisian P. farcta EO showed that it is also
rich in volatile oxygenated compounds [24].
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Table 1. The chemical profile of the essential oil extracted from the above-ground parts of Prosopis
farcta collected from Saudi Arabia.

No. Rt a Conc. % b Compound Name Type
Kovats Index

Lit. c Exp. d

1 7.05 0.14 ± 0.01 1,8-Cineole OM 1033 1034
2 11.11 0.23 ± 0.01 trans-Pinocarveol OM 1139 1138
3 11.44 0.67 ± 0.02 cis-Verbenol OM 1142 1142
4 11.99 3.35 ± 0.08 Camphor OM 1143 1145
5 12.42 0.23 ± 0.01 endo-Borneol OM 1165 1164
6 12.74 0.51 ± 0.02 α-Terpineol OM 1189 1191
7 15.74 17.69 ± 0.23 trans-Chrysanthenyl acetate OM 1235 1237
8 17.40 0.88 ± 0.03 Bornyl acetate OM 1285 1284
9 19.25 1.66 ± 0.05 α-Cubebene SH 1351 1350
10 20.47 0.65 ± 0.02 α-Copaene SH 1376 1378
11 21.70 0.13 ± 0.01 α-Gurjunene SH 1409 1411
12 22.28 0.49 ± 0.01 α-Ionone SH 1426 1424
13 23.94 0.57 ± 0.02 trans-Caryophyllene SH 1428 1429
14 24.09 0.55 ± 0.01 Alloaromadendrene SH 1461 1460
15 24.30 1.37 ± 0.06 α-Muurolene SH 1480 1479
16 24.38 1.60 ± 0.04 α-Amorphene SH 1485 1484
17 24.89 3.50 ± 0.07 Davana ether OS 1487 1489
18 25.53 0.39 ± 0.01 4-epi-cubedol OS 1493 1491
19 25.63 0.89 ± 0.02 γ-Cadinene SH 1510 1508
20 25.98 0.67 ± 0.01 6-epi-shyobunol OS 1517 1515
21 26.21 2.05 ± 0.06 δ-Cadinene SH 1519 1518
22 26.38 3.67 ± 0.09 Dihydro-α-agarofuran OS 1520 1520
23 26.64 0.53 ± 0.01 cis-Calamenene SH 1521 1523
24 26.79 2.26 ± 0.05 Epiglobulol OS 1532 1530
25 27.14 1.55 ± 0.07 α-Calacorene SH 1548 1546
26 27.44 0.18 ± 0.01 Diepicedrene-1-oxide OS 1551 1550
27 27.71 0.26 ± 0.01 Palustrol OS 1557 1556
28 27.87 0.35 ± 0.01 Nerolidol OS 1564 1565
29 28.26 0.67 ± 0.02 Spathulenol OS 1575 1574
30 28.93 2.94 ± 0.06 Caryophyllene oxide OS 1581 1580
31 29.65 0.58 ± 0.02 Davanone OS 1586 1589
32 29.84 1.08 ± 0.05 Rosifoliol OS 1600 1602
33 30.72 1.04 ± 0.03 Fonenol OS 1627 1625
34 30.93 0.34 ± 0.01 α-acorenol OS 1628 1627
35 31.09 0.47 ± 0.01 G-Eudesmol OS 1630 1631
36 31.38 3.24 ± 0.07 Cubedol OS 1642 1640
37 31.81 8.28 ± 0.11 Torreyol OS 1645 1644
38 32.22 19.07 ± 0.21 Cubenol OS 1645 1645
39 32.47 0.47 ± 0.02 Patchouli alcohol OS 1659 1661
40 33.04 0.61 ± 0.03 8-Cedren-13-ol OS 1668 1667
41 33.23 1.78 ± 0.05 Juniper camphor OS 1691 1693
42 35.48 0.46 ± 0.02 α-hexyl-Cinnamaldehyde Others 1728 1730
43 36.88 0.46 ± 0.01 α-Sinensal OS 1752 1750
44 38.41 3.13 ± 0.09 Farnesyl acetone OS 1843 1841
45 40.76 2.87 ± 0.07 Hexahydrofarnesyl acetone OS 1845 1847
46 46.77 1.03 ± 0.03 Phytol OD 1949 1950
47 46.98 2.48 ± 0.06 Linolenic acid, methyl ester Others 2108 2110

a Retention time; b average concentration ± standard error; c Kovats retention index from the literature; d experi-
mental Kovats retention index; OS: oxygenated sesquiterpenes; OM: oxygenated monoterpenes; SH: sesquiterpene
hydrocarbons; and OD: oxygenated diterpenes.

The sesquiterpenes represented the main constituents of EO of P. farcta with a relative
concentration of 70.35% including the oxygenated compounds as majors with a considerable
concentration of hydrocarbons. Twenty-three oxygenated sesquiterpenes were identified,
comprising cubenol (19.07%), torreyol (8.28%), davana ether (3.50%), farnesyl acetone
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(3.13%), caryophyllene oxide (2.94%), and hexahydrofarnesyl acetone (2.87%) as main
components (Figure S4); however, diepicedrene-1-oxide (0.18%) is the minor one, while
δ-cadinene (2.05), α-amorphene (1.60%), α-calacorene (1.55%), and α-muurolene (1.37%)
were characterized as the major identified sesquiterpene hydrocarbons that represented
twelve compounds from all EO constituents. The abundance of the terpenes, and especially
sesquiterpenes described in the current study, was not in harmony with the results of
volatiles of the different organs of the Tunisian [24] and Egyptian P. farcta [25].

The monoterpenes were characterized with considerable relative concentration and
represented as only oxygenated compounds with a complete absence of hydrocarbons.
Eight oxygenated monoterpenes were identified in which trans-chrysanthenyl acetate
(17.69%) and camphor (3.35%) are the leader compounds (Figure S4), while 1,8-cineole
(0.14%) is the minor one. Additionally, the presence of the monoterpenes in the EO of
P. farcta was not in agreement with the previous studies of the volatiles of the different
organs of the Tunisian [24] and Egyptian ecospecies [25].

According to the published data, the existence of the diterpenes is very rare in the
EOs derived from the different organs of plants, with some exceptions of plants, such as
Araucaria heterophylla (Salisb.) Franco [40], Lactuca serriola L. [41], and Euphorbia mauritan-
ica L. [42]. The current findings showed the rarity of diterpenes with only one common
diterpene compound, phytol (1.03%). Phytol was also identified in the volatile oils de-
rived from different organs of P. farcta collected from Tunisia [24] and from above-ground
parts of Egyptian ecospecies [25]. In contrast to the published results of Harzallah-Skhiri
et al. [24] and Saad et al. [25], the present EO analysis revealed the presence of the other
hydrocarbons as traces. Only two hydrocarbons were assigned including one aromatic,
α-hexyl-cinnamaldehyde (0.46%), and one fatty acid methyl ester (linolenic acid, methyl
ester, 2.48%).

The clear variation between the current results and the previously published data of
the same plant [24,25], could be attributed to the variations in the extraction techniques [43],
genetic factors [44], as well as the environmental and climatic conditions [2,10,45]. The
current findings showed that P. farcta is capable of biosynthesizing a number of oxygenated
mono- and sesquiterpenes based on the chemical composition of its EO. Due to the value
of these compounds, the plant’s capacity for the biosynthesis of these kinds of compounds
supported the plant’s importance. Cubenol and its isomers were basically biosynthesized
via the enzymatic reaction and rearrangement of germacrenyl cation inside the plant
organs [46], while geranyl diphosphate, a pyrophosphate ester, was the starting and/or
intermediate for the biosynthesis of many isoprenoids, including trans-chrysanthenyl
acetate [47]. On the other side, farnesyl diphosphate was described as the main intermediate
for the biosynthesis of terpenoids, including torreyol and sterols, in addition to carotenoid-
derived compounds [48]. The other compounds were biosynthesized in the plant organs
via different enzymatic reactions that are very difficult to chemically synthesize. Thus,
this plant represented an important resource for these compounds, especially cubenol,
trans-chrysanthenyl acetate, and torreyol

3.2. Phytotoxic Activity of P. farcta EO against D. aegyptium

The phytotoxic potential of the extracted EO from P. farcta above-ground parts was
tested against the weed D. aegyptium. At the lowest concentration of the EO (25 µL L−1),
the seed germination was reduced by 28.2%, while the seedling shoot and root growth were
reduced by 16.6% and 31.0%, respectively. On the other side, the treatment of D. aegyptium
with 100 µL L−1 retarded the germination, seedling shoot growth, and seedling root growth
by 64.1, 64.0, and 73.4%, respectively (Figure 1A).
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Figure 1. Phytotoxic activity of Prosopis farcta EO against seed germination and seedling growth
of the weed D. aegyptium. (A) Concentration-dependent inhibitory activity, and (B) the inhibitory
concentration of 50% (IC50). Different letters within each line in figure A or among the columns in
figure B shows significant variation at p < 0.05.

Based on the calculations of the IC50 values, the seedling root growth was the most
affected by the EO application, where it showed an IC50 value of 64.5 µL L−1, while the
seedling shoot growth and seed germination showed IC50 values of 92.9 µL L−1 and
80.5 µL L−1, respectively (Figure 1b). The current findings showed that D. aegyptium roots
were more reduced by the P. farcta EO compared to the shoots. This observation was
described in several documented works [4,10,49]. The permeability of the cell membrane
and the roots’ direct contact with the phytotoxic EO chemicals in the medium resulted in
more root inhibition [50,51].

The significant allelopathic potentiality of the P. farcta EO against the weed D. aegyptium
might be directly attributed to the EO chemical components, especially the compounds
with high relative consecration such as cubenol, trans-chrysanthenyl acetate, torreyol,
davana ether, camphor, and farnesyl acetone. The rich EOs with terpenes, particularly
the oxygenated terpenes, have been documented to possess strong toxic effects against
weeds, including D. aegyptium [4,11]. The previous works proved that there is a strong
and direct relationship between the phytotoxicity of the EOs derived from the plants and
their content of oxygenated compounds [2,41,52]. Thus, the increase in the oxygenated
constituents in EOs afforded strong inhibition of weed growth [52]. In the present study,
the major compound, cubenol, was reported as allelochemical within the EO of Sinapis
arvensis L. [53]. Additionally, the EO of Peucedanum ostruthium W.D.J. Koch, which is rich in
cubenol (8.7%), reduced the seedling growth of Lolium multiflorum Lam. and Sinapis alba
L. by 90.7% and 76.6%, respectively [54]. The rich EO with trans-chrysanthenyl acetate of
Calotropis procera (Aiton) W.T. Aiton has been reported to exert strong phytotoxic activity
against the weeds Bidens pilosa L. and D. aegyptium [4]. Moreover, the Argemone ochroleuca
Sweet EO was reported with an abundance of major compound trans-chrysanthenyl acetate
and it showed significant phytotoxic activity against the noxious weed Peganum harmala
L. [55]. In this context, plants with EOs rich in camphor such as Salvia officinalis L. [56],
Euphorbia heterophylla L. [41], and Tanacetum chiliophyllum Nábělek [57] showed considerable
phytotoxicity against other plants. Summing up, these major identified compounds in the
present study of P. farcta EO could act as allelochemicals either singularly or in combination.
However, further study is recommended for confirmation of this observation and testing
their mode(s) of action.
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The modes of action of allelochemical include disruption of the cell membrane, pho-
tosynthetic pigments, enzymes, mitochondria, RNA, DNA, and respiration [50,58]. The
oxidative activity of the EO is one of the actions that play a role in retardation of the plant
growth due to their reactivity and production of the reactive oxygen species (ROS) which
start with membrane dysfunction and loss of control of permeability [59,60].

Accordingly, the present chemical profiling of the P. farcta EO showed that the oxy-
genated and terpenoid components are the main constituents with the respective relative
concentration of 85.98% and 95.08%. Therefore, these compounds in EOs could cause
structural fractures and degradation in roots as well as hinder cell proliferation [49,60,61].

Due to the lack of thorough and systematic examinations into the functional mecha-
nism underlying the phytotoxicity of P. farcta EO against weeds, further study is needed to
evaluate the physiological and biochemical modes of action of P. farcta EO on a wide range
of weeds. This can provide considerable information about using the EO of P. farcta EO,
which could be used as a bioherbicide against weeds. Undoubtedly, this claim has to be
supported by extensive field research as well as other phytotoxic tests involving weeds and
other agricultural species.

4. Conclusions

The EO chemical composition and the phytotoxicity of the above-ground parts of
P. farcta collected from Saudi Arabia were assessed for the first time. Forty-seven chem-
ical compounds were determined in the EO P. farcta, mainly oxygenated form (85.98%).
Cubenol, trans-chrysanthenyl acetate, torreyol, davana ether, camphor, and farnesyl ace-
tone were determined as major compounds which represent 55% of the total EO mass.
Additionally, the P. farcta EO exhibited significant phytotoxic effects on the germination
and seedling growth of the weed D. aegyptium. This phytotoxicity could be attributed to
the high concentration of terpenes and oxygenated constituents, particularly the major
compounds that could act as allelochemicals either singularly or in combination. The
present investigation showed that weeds are not an absolute nuisance, but they can be
considered as a source of bioactive compounds with economic applications such as bioher-
bicides. Further study is recommended for assessment of the mode(s) of action of authentic
pure form of the identified major compounds against a wide range of weeds as well as the
accompanied crops.

Supplementary Materials: The following supporting information can be downloaded at:
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parts; Figure S3: chemical compounds grouping; Figure S4: structures of the major components (>3%)
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