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Accepted 06 July 2021 plant pest control and weed control. Therefore, dried coriander seeds and dry waste were
collected for the purpose of recycling and production of volatile oil, in addition to reducing
Keywords environmental pollution resulting from the methods used to dispose of agricultural
v Coriandrum sativum; waste.The chemical compositions of coriander oils were analyzed by GC/MS methods. The
v dry waste; main constituent was linalool in dry seeds oils, while trans-anethole and linalool were found
v essential oils; as the main oil constituents of waste oil. The results recorded that, the waste oil is very
v linalool; similar to that of dry seed. Experiment was conducted in the greenhouse of National
v weed; Research Centre, Egypt for two winter seasons 2018/2019 and 2019/2020 aimed to evaluate
v inhibition. herbicidal activity of essential oils extracted from Coriandrum sativum seeds and west on

the control of Avena fatua weed and the net return on the growth and yield of wheat plants
cv. Gizal68. This experiment was preceded by a laboratory test to select the appropriate
concentrations of both oils on Avena fatua. The results revealed that the difference between
the effect of seed oil and waste of C. sativum on germination and seedling length of 4. fatua
was nonsignificant in most corresponding concentrations. So, essential oil of C. sativum
waste was selected and sprayed at concentrations (1.5-4% v/v). The results in the pot
experiment elucidated significant inhibition in 4. fatua fresh and dry weight exceeding 78%
inhibition of the control at harvest. Suppression of the weed was concomitant with increase
in growth and yield of wheat. The result suggested using essential olis of seed waste of C.
sativum as natural herbicide.
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1. Introduction

To maximize the benefit from agricultural residues, this study focused on making use of the remnants
of the coriander plant as a new source for producing coriander essential oil in order to preserve the
environment and use it as a natural source for weed control. Coriander (C. sativum L.) plants an annual
in the Umbelliferae family. It is an important medicinal and flavour plant. Coriander comes from the
Mediterranean region and is grown all over the world [1-3]. A distillation of the aerial parts of coriander
gave volatile oils in plants, full flowering fruit, and green, unripe and dry fruit.

Volatile oils can differ among different parts of the same coriander plant, [4]. Linalool compound is the
main constituents of the seeds [5]. Many authors reported that, the volatile oil constituents of the
coriander, herbs and fruit are completely different [4,6, 7.8].

Weeds compete with crops for light, moisture and nutrient elements so, reducing taking up of these
elements by the main crops [9]. So, Weeds considered serious problems that compete with the main
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crops causing great reduction in the yield [10-11]. Using chemical herbicides for long term produced
resistant weeds [12-13]. In addition to producing contaminant environment, soil and foods due to the
herbicidal residual effect [14].

Consequently, it is a strategy to search for alternative and safe methods for producing pure environment
and for overcoming the resistance of weeds to continuous use of herbicides [15-16].

Allelopathy is one of these alternative methods at which secondary metabolites (allelochemicals) are
released from allelopathic plants to the other neighbouring plants [17]. These allelochemicals are
stimulators or inhibitors depending on their concentrations [ 18]. The allelopathic materials are found in
plant residue as leaves, stems or roots or essential oils [19-23].

Essential oils are a natural source of active compounds with antimicrobial and herbicidal
potential, and have been successfully used in organic agriculture, instead of synthetic compounds, due
to their high bioactivity and the absence of toxicity [24]. Essential oils consisted of a mixture of volatile
compounds in aromatic plants are well used in pharmaceutical, agronomic, food and flavour industries,
cosmetics and perfume industries [25]. Essential oils are documented as one of the allelopathic materials
that reduced germination and seedling growth of some plants [26-31].

In general, many workers documented allelopathic properties for some Apiaceae (Umbelliferae)
seeds such as fennel, cumin, caraway, celery, dill, anise and coriander are reported [32-33]. Different
concentrations of coriander essential oils ((3, 6, 10 and 20 pl) were found to reduce common weed
species (dlcea pallida Waldst. & Kit., Amaranthus retroflexus L., Centaurea salsotitialis L., Raphanus
raphanistrum L., Rumex nepalensis Spreng., Sinapis arvensis L. And Sonchus oleraceus L.) in the field
and inhibited their germinations in laboratories [28]. In field experiment, Dhima et al. [34] recorded
reduction in the fresh weight of purslane, common lambsquarters, black nightshade, and barnyardgrass
growing with coriander. In addition, the authors reported reduction in barnyardgrass by the essential oil
of coriander in Petri dish bioassay. Coriander seed essential oil at 200-800 ppm ethanol reduced
germination of two weeds (Lathyrus annuus and Vicia villosa) in addition to complete inhibition in
radicle growth after seven days [35]. Moreover, even the seed extract of coriander as well as leaves were
reported to have allelopathic effect; Baeshen [36] reported that coriander leaf extract at different
concentrations inhibited the seed germination and reduce radicle length of Phaseolous vulgaris. Isik et
al. [37] recorded inhibition in the seed germination and seedling growth of Chenopodium album with a
water extract of coriander and added that the growth was completely inhibited at 20% concentration.
This work aims to study the essential oils of coriander seeds and waste and their use in assaying their
effect on seedling growth of the tested weed Avena fatua and application of suitable concentrations for
controlling the tested weed in the greenhouse associated wheat.

2. Materials and methods

2.1 Plant material and isolation of essential oils:

Essential oils were extracted from dry plant materials by hydro-distillation for 3 hr. (Clevenger, 1928)
[38]. The samples of volatile oils were subjected to GC/MS analysis.

2.2 Gas chromatography
GC analysis was performed by a Shimadzu GC- 9A gas chromatograph equipped with a fused silica
column DBS5 (30 m x 0.25 mm i.d., film thickness 0.25 pm). The oven temperature was held at 40°C for
5 min and then programmed until 250°C at a rate of 4°C/min. Injector and detector (FID) temperature
were 260°C; helium was used as a carrier gas with a linear velocity of 32 cm/s.
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2.3. Gas chromatography- mass spectrometry

GC-MS analyses were carried out on a Varian 3400 system equipped with a DB-5 fused silica column
(30 m x0.25 mm i.d.); Oven temperature was 40 to 240°C at a rate of 4°C/min, transfer line temperature
260°C, injector temperature 250°C, carrier gas, helium with a linear velocity of 31.5 cm/s, split ratio
1/60, flow rate 1.1 ml/ min, [onization energy 70 eV; scan time 1 s ; mass range 40-350 amu.

2-5.Qualitative and quantitative analysis of essential oil

Identifications were made by library searches (Adams, 1995) [39] combining MS and retention data of
authentic compounds by comparison of their GC retention indices (RI) with those of the literature or
with those of standards available in our laboratories. The retention indices were determined in relation
to a homologous series of n-alkanes (C8-C22) under the same operating conditions. Further
identification was made by comparison of their mass spectra with those stored in NIST 98 and Wiley5
Libraries or with mass spectra from literature. Component relative concentrations were calculated based
on GC peak areas without using correction factors.

3.1. Bioassay test

Before assaying the oils of seeds and waste of Coriandrum sativum on the growth inhibition of Avena
fatua in the pot experiment, simple test was done to detect the more active concentrations. Series of
concentrations of seeds and waste essential oils of Coriandrum sativum starting from 0.25 to 4% (v/v)
was tested against Avena fatua in Petri dishes [40]. The essential oils isolated from Coriandrum sativum
seeds and waste were dissolved in distilled water with the help of ethanol. The concentrations of the
essential oils isolated from Coriandrum sativum seeds and waste were prepared at 0.25, 0.5, 1, 1.5, 2,
2.5, 3, 3.5 and 4% (v/v) for both seeds and waste. Seeds of Avena fatua were germinated in sterilized
Petri dishes (9 cm diameter) containing 1-layer filter paper Whatman No. 3. Ten millilitres of the
prepared concentrations of isolated essential oils, seeds and waste [0.25-4% (v/v)] were added to each
Petri dish. Distilled water was added to five Petri dishes serving as control. The germination of seeds
was carried out in the laboratory in November with average maximum and minimum temperatures of
22+1°C and 14 £1°C. Each treatment was represented by five replicates (5 Petri dishes); each Petri dish
contained 20 seeds. Five days later 5 ml of the tested extracts was added. The percentage of germination
were calculated by counting the germinating seeds. Shoot and root lengths were also determined 10 days
after germination. The experiment was repeated twice, and the presented results are the mean of the two
experiments. The treatments were arranged at complete randomized design.

3.2.Pot experiment:

On the bases of the bioassay test, the essential oil isolated from the waste of Coriandrum sativum was
used in the pot experiment and dissolved in distilled water with the help of ethanol at concentrations at
1.5,2,2.5,3,3.5and 4 % (v/v).

Pot experiments were conducted in the greenhouse of the National Research Centre, Egypt for two winter
seasons 2018/2019 and 2019/2020. Wheat cv. Gizal68 was obtained from the Agricultural Research
Centre, Egypt. The pots, 30 cm in diameter and 30 cm in height, contained equal amounts of sieved soil
(2: 1 v/v clay and sand). Wheat grains were selected for uniformity by choosing those of equal size and
with the same colour. Grains were sown 2 cm deep (8 grains in each pot) and allowed to germinate. All
pots (except weed free treatment) were infested with the same number of weeds (10 seeds) of Avena
fatua and mixed thoroughly at a depth of 2 cm in the soil. Wheat grains and weed seeds were sown at
the same time. The cultivated wheat grains were thinned two weeks after sowing so that three
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homogeneous seedlings were left per pot. Irrigation and routine fertilizers were carried out. The
experiment consisted of eight treatments including: two untreated controls, wheat only, wheat with
Avena fatua (unweeded treatment). The other six treatments were Coriandrum sativum waste oil at
concentrations 1.5, 2, 2.5, 3, 3.5 and 4 % (v/v). Each treatment was represented by 6 pots. The pots were
distributed in a complete randomized design. The above concentrations of waste oil were sprayed on the
pots contained wheat plants and Avena fatua weed at the rate of 60 ml /pot. The treatments were applied
three times during three weeks starting from two weeks old plants. The data were taken at 40 days after
sowing and at harvest.

3.3. Weed data:

In each season, weed samples were taken from each of the three pots 40 days after sowing
and at harvest (all weed samples in each pot were pulled up). The fresh weights of Avena fatua was
recorded and oven dried at 60°C for determination of dry weight (g/pot).

3.4. Wheat data:

Three plants in each pot were taken for recording, plant height, number of leaves, as well as
fresh and dry weight (g/plant) were recorded 40 days after sowing. At harvest, spike length, number of
spikes/ plants, number of spikelets/spike, grain yield (g/plant) and 1000- grain weight

(g) were determined.

3.5. Statistical analysis:
The data were subjected to analysis of variance (ANOVA) by using completely randomized
design and the Least Significant Difference (LSD) at the 5% probability level were calculated [41].

4. Results and discussion

4.1 Essential oil content

The dry waste materials gave the highest percentage of coriander essential oil (0.81%), while, the dry
seeds recorded (0.44 %) only .In Table 1, linalool was found as the main constituents of coriander dry
seed oil, follow by, ethyl hexanoic acid <2>, sabinene hydrate trans and a—thujene . (OM) was recorded
as the main group in the dry coriander seed oil which recorded (66.77%) .Similar results were reported
by several investigators . a-Pinene and B-caryophyllene were foundlIt in significant amounts. Some
compounds have been identified with a concentration less than 1%.Anethole <trans-> was found as the
main constituents of coriander waste oil (28.11%) followed by, linalool compound, butanoic acid, 2-
methyl-, 2-methoxy-4-(2-propenyl)phenyl ester , estragole longifolen, and carvacrol.coriander waste
oil consists of five chemical groups [(MHC), (OMC), (SHC) (OSC) and (VC)]. Result in Table 1
revealed the presence of five components of (OMC) group which recorded 70.41 % .

Comparing the oil constituents of the dry seeds and dry waste, it was found that, the major constituent
was linalool in dry seeds oils, while trans-anethole was found as the main oil constituents of waste oil
followed by linalool. The highest percentage of linalool was found in the seed oil followed by the waste
respectively. There is an obvious variation in the oil components of the two oils due to the type of plant
material, some compounds were found in the two oil samples with only differences in the concentrations
of them. Such as a-pinene. Camphene, f-pinene, p- cymene and limonene. Also, some compounds
were found in one sample and absent in the others. Cis-beta-ocimene, terpinene gamma, camphor,
a~terpineol, f—caryophyllene and decanal were found in the dry seeds oils. While estragole and trans
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anethole were found only in the waste oil. The constituents of the waste oil was close to that of the dry
seed oils.

Table 1 The main constituents of coriander oils isolated from dry seeds and waist

Peak  [KI ‘Constituents ‘Seeds % ’Waste %
Monoterpene hydrocarbons (MHC )
1 939 a-pinene 2.26 0.51
2 953 Camphene 1.10 0.29
3 980 B-pinene 0.10 0.15
4 995 a-thujene 3.33 0.00
5 1011 3-carene 0.56 0.00
6 1026 P-cymene 0.16 0.88
7 1031 Limonene 0.10 0.75
8 1041 (Z)-B-ocimene 0.65 0.00
9 1061 y-terpinene 0.15 0.00
Total 8.41 2.85
Oxygenated monoterpenes compounds (OMC )
1 1097 Sabinene hydrate trans 4.35 0.00
2 1098 Tetrahydrolinalool 0.25 0.00
3 1098 Linalool 59.6 21.30
4 1151 Camphor 0.27 0.00
5 1161 Dihydro terpineol (trans-Alpha) 0.04 0.00
6 1168 Borneol 0.31 0.00
7 1189 -terpineol 0.02 0.00
8 1195 Estragol 0.00 9.85
9 1228 Nerol 0.9 0.00
10 1275 Citral A 0.25 0.00
11 1283 Trans anethol 0.00 28.11
12 1290 Thymol 0.57 0.00
13 1301 Carvacrol 0.21 4.65
14 1402 Longifolene 0.00 6.50
Total 66.77 | 70.41
Sesquterpenes hydrocarbons compounds (SHC)
1 1337 Elemene <Delta-> 0.07 0.00
2 1418 Caryophyllene < beta> 2.48 0.00
3 1480 Germacrene D 0.00 2.21
4 1495 Zingiberene 0.00 0.91
5 1509 B-bisabolene 0.00 0.55
6 1556 Germacrene B 0.40 0.00
Total 2.95 3.67
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Oxygenated sesquterpenes compounds (OSC)

1 1574 Dendrolasin 0.20 0.00
2 1576 Spathulenol 0.00 0.98
3 1589 Caryophyllene-oxide 0.09 0.00
4 1591 Elemenone <cic-beta-> 0.41 0.00
Total 0.70 0.98
Various compounds (VC)
1 1129 Ethyl hexanoic acid <2-> 491 0.00
2 1199 Dodecane 0.95 0.00
3 1204 Decanal 0.00 0.59
4 1383 Geranyl acetate 0.00 0.78
5 2149 Butanoic acid, 2-methyl,2-methoxy-4-(2-propenyl)| 0.00 13.91
phenyl ester
Total 5.86 15.28

4.2 Bioassay test

Seed and waste of Coriandrum sativum essential oils at concentrations from 1-4% significantly inhibited
germination percentage, seedling root, and shoot length of Avena fatua as compared to the untreated
control (Table 2). The inhibition was concentration dependent; the reduction in germination percentage
as well as root and shoot length of A. fatua weed recorded maximum reduction under the untreated
control by using the highest concentration of seed and waste oils (4%). It is worthy to mention that the
difference between the effect of seed oil and waste of C. sativum on germination and seedling root and
shoot length of A. fatua was nonsignificant in most concentrations used. Rahimi ef al., [35] obtained
similar results by Coriander seed essential oil the two weeds (Lathyrus annuus and Vicia villosa).
Baeshen [36] and Isik et al. [37] confirmed these results on Phaseolous vulgaris and Chenopodium
album by using coriander extract.

4.2. Pot experiment

4.2.1. Weed growth

The laboratory test (Table 2) indicated that the significant effect of seed and waste oils of C. sativum on
A. fatua started from 1.5% and it is worthy to mention that both seed and waste oil was revealed non-
significant results between corresponding concentrations. Consequently, it is advisable commercially to
use waste oil of C. sativum at 1.5 -4% in the pot experiment. The results in Table 3. Show that both A.
fatua fresh and dry weight were reduced significantly under the untreated control by all concentrations
of C. sativum waste (1.5-4%) with noticeable inhibition at 4%. A. fatua dry weight at the end of the
season follow similar trend reaching 78.8% as maximum reduction in comparison to the control.
Rahimi et al. [35] obtained similar results by Coriander seed essential oil on the two weeds (Lathyrus
annuus and Vicia villosa). Baeshen [36] and Isik et al. [37] confirmed these results on Phaseolous
vulgaris and Chenopodium album by using coriander extract. It has been shown that chemicals found in
essential oils of plants that have the allelopathic effects on seed germination. Interaction between
Medicinal, aromatic plants and the surrounding organisms occurred through transmitting volatile
allelochemicals [42-44].
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Table (2) Effect of Coriandrum sativum seed and waste oil on germination and seedling root and shoot
length of the grassy weed Avena fatua

Source of oil Essential oil | Germination % | Roo length (cm) | Shoot
concentration length(cm)
%

Seed oil 0.25 100.00 14.00 13.01
0.50 94.36 13.06 12.05
1.00 92.40 11.57 9.89
1.50 90.23 9.94 8.20
2.00 88.00 7.96 5.42
2.50 80.36 5.39 3.77
3.00 74.86 3.27 3.34
3.50 47.56 3.03 2.95
4.00 16.33 1.99 1.78

Waste oil 0.25 100.00 14.56 12.91
0.50 97.56 13.66 12.54
1.00 96.93 12.16 10.33
1.50 91.70 10.56 8.85
2.00 89.16 9.60 6.09
2.50 78.20 6.63 4.30
3.00 69.73 4.35 4.24
3.50 49.73 3.78 3.50
4.00 20.06 2.72 2.09
0.00 100.00 15.71 13.42

LSD at 5% 3.41 1.45 1.34

Table 1 show that trans-anethole and linalool were found as the main oil constituents of waste oil.
These two constituents related to the oxygenated monotupenes. Suppression of weed growth (Table 2)
may be attributed to these two constituents. This suggestion was coincided with documents on
monoterpenes phytotoxic effect that was mentioned by several workers [45-48]. Elsawi et al. [43]and
El-Rokiek et al. (49) also confirmed this suggestion; they discussed the inhibition in weed growth on the
bases of the presence of oxygenated monoterpenes especially trans-anethole and linalool.

Vasilakoglou et al. [50] tested the phytotoxicity of nineteen major components of essential oils
against rigid ryegrass (Lolium rigidum Gaudin). The authors detected that trans-anethole and linalool
were the most phytotoxic components that completely inhibiting rigid ryegrass germination and root
growth. Furthermore, trans-anethole and linalool not only have allelopathic suppressing effect on higher
plants but also on different microorganisms. These two compounds exhibited anti-fungal as well as anti-
bacterial activity and others [51-55].

3.2.2. Wheat growth

Table 4 reveals significant increase in plant height, number of leaves / plant as well as fresh and dry
weight of wheat when sprayed with C. sativum waste oil mostly by all concentrations 40 days after
sowing in comparison to the untreated control.
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Table (3) Effect of Coriandrum sativum waste oil on the growth of grassy weed Avena fatua (Average of the
two seasons)

40 DAS
Treatments Concentration Fresh Dry Weight at the
(percentage) weight (gt)  weight end of the season
(2) (2)
Weed-free 0.0 0.00 0.00 0.00
Unweeded 0.0 9.33 2.311 32.04
1.5 6.27 1.402 21.76
2.0 5.25 1.292 17.63
Wheat + A. fatua+ C. 2.5 5.087 1.188 12.60
sativum 3.0 4.69 1.113 16.14
waste seed oil 3.5 3.99 1.014 9.88
4.0 3.78 1.020 6.79
LSD t 5% 0.172 0.062 0.81

Application of 4% of C. sativum waste oil resulted in maximum significant increase in all growth
parameters recorded in Table 3 as compared to the unweeded control. Growth inhibition of A. fatua
caused by C. sativum oil waste (Table 3) had the payback on wheat growth as the competition of 4. fatua
weed decreased with wheat leading to more nutrients absorbed by the target plant (wheat), consequently,
increasing in wheat growth represented by plant height, number of leaves, fresh and dry weight / plant
were increased as compared to unweeded control.

Table (4) Effect of Coriandrum sativum waste oil on different growth parameters of wheat(Average of the two
seasons)

Concentration Plant height No. Leaves Fresh weigh Dry weight

Treatments (percentage) (cm) /plant (g/plant) (g/plant)
Weed-free wheat 0.0 35.20 12.00 1.699 0.335
Unweeded wheat 0.0 23.00 10.00 0.618 0.120
1.5 24.00 10.86 0.890 0.156
Wheat + A. fatua+ 2.0 26.83 11.83 1.074 0.213
C. sativum 2.5 30.66 13.33 1.186 0.253
waste seed oil 3.0 35.66 11.43 1.294 0.276
3.5 38.00 12.76 1.341 0.281
4.0 40.00 15.66 1.808 0.361
LSD at 5% 2.32 0.72 0.193 0.011

4.2.3. Wheat yield

The results in Table5 reveal significant increase in in spike length, number of spikes/ plant and number
of spikelets/spike due to C. sativum waste oil spray at concentrations (2-4%) over that of unaided control.
Maximum significant results were obtained with 4%. Both grain yield/plant (g) and weight of 1000grain
(g) exhibited similar results. Grain yield in pots sprayed with 4% C. sativum waste oil exceeded 79%
over that in unweeded pots. In addition, weight of 1000 grains exceeded 41% as remarkable results
obtained by 4%. The increase in wheat yield resulted from increasing in growth. Several workers
reported controlling weeds increased crop growth and production [49, 56-57].

El-Rokiek et al., J. Mater. Environ. Sci., 2021, 12(7), pp. 899-911 906



Table

(5). Effect of Coriandrum sativum waste oil on yield and yield components of wheat (Average of the two seasons)

Concentration Spike No. No. Weight of Weight of

Treatments (percentage) length spikes/plant Spiklets/spike grains/plant 1000
(cm) @ grains (g)

Weed-free 0.0 10.75 6.33 23.00 10.73 36.88
wheat
Unweeded 0.0 7.83 3.33 18.33 5.40 28.96
wheat

1.5 8.35 3.72 19.33 5.89 29.41

2.0 8.64 4.66 20.66 6.35 31.98
Wheat + 4. 2.5 9.00 4.83 22.00 7.21 32.91
fatua + C. 3.0 9.50 5.00 23.5 8.25 33.64
sativum 3.5 9.66 5.66 24.00 8.93 39.28
waste seed oil 4.0 1133  6.66 24.53 9.68 40.87
LSD at 5% 0.82 0.55 1.32 0.68 1.67
Conclusion

To maximize the benefit from coriander plant samples. The results suggested using coriander waste oil

as a

bioherbicide alternative to unsafe chemical recycling agricultural waste and preserve the

environment, this research focuses on recycling agricultural waste from coriander plants as a new source
for the production of aromatic oils. The dry coriander plant, where the difference was only in the
percentage of the constituents with some additional new compounds. The results confirmed the presence
of linalool as main ingredients in most herbicides.
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