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Abstract: Coriander is one of the most popular and intensely used spices owing to its multipurpose
uses worldwide. It is mainly cultivated for the production of its dried seed and fresh leaves. The
present study aimed to evaluate the application of compost and foliar spraying of TiO, on the
yield and essential oil composition of coriander. Two field experiments were conducted during two
successive seasons; after that, the yield parameters were determined, and the essential oil of the
seeds was extracted and analyzed via gas chromatography-mass spectrometry (GC-MS). Results
indicated that coriander growths at both years were significantly affected by compost application and
foliar application of TiO,, and a significant interaction of these two factors also occurred. Compost
application at 50 m® caused significant increments of 55% and 46% in umbels number and 75% and
64% in seed yield in the first and second season, respectively, compared with control. The application
of compost to the coriander plant significantly influenced oil percentage and oil yield per ha. The
maximum oil percent was recorded in control plants. Foliar application of TiO, resulted in significant
improvement in plant height, number of umbels, and seed yield of coriander as compared with
control and reached their maximum values at 6 g L~ compared with the control; foliar application of
TiO, at 2 g L~! enhanced numbers of umbels by 22% with no significant differences between 2, 4, and
6g L1 treatments in the first season and by 24, 33, and 48% in the second season. Increases in seed
yield accounted for 34, 43, and 64% in the first season and 21, 36, and 45% in the second season due
to titanium dioxide application of 2, 4, and 6 g L1, respectively. The maximum content of linalool
(87.61%) and minimum content of estragole (0.7%) was recorded at4 g L~! titanium dioxide with
no compost.

Keywords: Coriandrum sativum L.; soil fertility; TiO,; essential oil; linalool

1. Introduction

Coriander (Coriandrum sativum L.) is an annual herb and belongs to the Apiaceae family
and its origin in the Mediterranean basin. It is one of the most popular and intensely used
spices owing to its multipurpose uses all over the world. Coriander is mainly cultivated
for the production of its dried seed and fresh leaves as a spice, which are the most common
parts used for cooking. The unique flavour of coriander makes it an attractive ingredient
that finds applications in many popular dishes and curry powder and makes it a good
preservative in food processing [1].
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Coriander foliage contains carbohydrates, proteins, fibres, vitamins, and minerals
(calcium, phosphorus, and iron), making it valuable for human nutrition. Both the seeds
and flowering stems contain essential oil (range from 0.03-2.6%) that is usually extracted
by hydrodistillation and is characterized by the presence of linalool as the main compo-
nent, which typically constitutes more than 50% of the total essential oil of seeds [2,3].
Chemical analysis revealed the presence of monoterpenes, limonene, x-pinene, -terpinene,
p-cymene, citronellol, borneol, camphor, coriandrin, geraniol, dihydrocoriandrin, and co-
riandrons A-E in their essential oil [3]. The characteristic smell is generated by different
aldehydic components of the essential oil present in the herb [4].

Aside from the nutritional values of coriander as a vegetable, it possesses pharmaco-
logical properties that have been associated with positive health outcomes. The value of
coriander as a medicinal plant was examined previously by several authors. Pathak Nimish
et al. [5] highlighted the antioxidant, anti-diabetic, anti-mutagenic, and anthelmintic ac-
tivities. Some evidence was also found regarding hypnotic, anticonvulsant, and diuretic
activities. In addition, different parts of coriander (leaves, seeds, and flowers) are effec-
tive for reducing cholesterol and playing protecting role against heavy metal toxicity. Its
essential oil is commonly utilized in aromatherapy since it can act as a sedative or for
nervous system relief. The health effects of the essential o0il can be summarized in the
anticancer, anxiolytic, hepatoprotective, post-coital, and anti-fertility properties [6]. In
addition, anti-protozoal and anti-ulcer activities of coriander have been reported [7]. Co-
riander has strong spasmolytic and local anesthetic effects. It is also used as a topical
remedy against many skin complaints, mostly in the form of tea tree oil. The antioxidant [3],
anti-diabetic [8], anti-cancerous, and antimutagenic effects [9] are attributed to the essential
oil and various extracts from coriander fruits. Moreover, it can act as an anti-bacterial and
anti-fungal agent.

Organic fertilization attracts the attention of researchers in both developed and devel-
oping countries during the current decades due to the growing awareness about health
risks associated with improper application of chemical fertilizers and their detrimental
effects on the environment and the physicochemical and biological properties of the soil. In
addition, there has been an increased demand for herbs and spices produced under organic
fertilization. Organic fertilizers, including farmyard manure, compost, and vermicompost,
deliver nutrients for plants to ensure high-quality economic yield without offsetting nega-
tive environmental impacts. Compost as a source of organic fertilizer is characterized by a
high organic matter content as well as abundance in macro-and micronutrients. Besides its
role in plant yield enhancement, compost presents better physical and chemical properties
of soil, for example, soil structure, soil aggregation, porosity, hydraulic conductivity, air
exchange, water holding capacity, soil pH, and microbial activity. Further, compost lowers
bulk density and restores soil organic carbon and nitrogen. Organic fertilizers have a slower
release rate than mineral ones [10,11].

One of the modern agricultural approaches to improve the growth and yield of plants
include using titanium-containing fertilizers. Titanium (Ti) is thought to be a beneficial
element for plants and can be found at low concentrations (0.1-10 ppm). Titanium is
difficult to be extracted by plants because it occurs mostly as insoluble in water between
3-8 pH, as it starts to hydrolyze and convert into insoluble forms [12]. Early studies on Ti-
enriched fertilizers focused on their stimulatory effects on plant growth, yield, and quality
of some species. Foliar spraying with bulk or nanoparticles titanium had positive effects
on biochemical components and some active substances of moringa leaves, stimulating
photosynthesis and plant growth and boosting chlorophyll a and b biosynthesis [13].

More recently, similar improvements in seed germination, radicle and plumule growth
in canola seedlings, and growth of wheat plants under drought conditions in response
to applications of low levels of titanium through roots or leaves have been reported. It
competes with some essential elements for adsorption on their binding sites of soils (prob-
ably mainly from the phosphate-based ones). Interestingly, several studies demonstrate
that titanium at low concentrations may exert beneficial effects in higher plants, such as
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improving plant physiology, activation of specific enzymes (glutamate dehydrogenase,
nitrate reductase, glutamine synthase, etc.), improving chlorophyll content and manner
of photosynthesis, boosting nutrient uptake, conferring tolerance against oxidative stress
through helping the plant to incorporate more nutrients, synthesizing more metabolites,
encouraging absorption of nitrates, and encouraging the transformation of inorganic nitro-
gen into organic nitrogen, such as protein and chlorophyll [14]. Similar studies have not
yet been conducted on organic fertilizers and titanium on coriander; thus, this study is a
substantial attempt to enhance or manipulate biomass and essential oil content of coriander
plants throughout compost and titanium dioxide application.

2. Materials and Methods
2.1. Site Description, Soil and Compost Properties

Two field experiments were performed during the 2017-2018 and 2018-2019 growing
seasons at the Baluza Research Station, Desert Research Center, North Sinai governorate
to study the effect of compost and titanium dioxide application on biomass, essential oil
content, and composition of coriander plants. Soil analysis and compost properties were
provided in Tables S1 and S2.

2.2. Layout and Design of the Experiment

Seeds of coriander (Coriandrum sativum L.) were planted directly in their final position
in the second week of October 2017 and 2018. The experimental design was a randomized
complete block with three replicates. Three compost rates (0, 50, and 70 m3 ha~') and
four titanium dioxide concentrations (0, 2, 4, and 6 g L™!) were assigned randomly in
plots. Titanium dioxide was dissolved in distilled water and sprayed directly on the plants
3 times along each season starting 45 days after planting (one month between applications).
Compost was applied before planting. Each plot consisted of four rows, 70 cm apart, and
the distance between plants in the row was 30 cm. Irrigation, plant protection, and weed
control were carried out when necessary. At harvest, plant height, umbels number, seed
yield (t/ha), oil percent, and oil yield (L/ha) were recorded.

2.3. Extraction and Analysis of Basil Essential Oils

Coriander essential oil was extracted from seeds through hydro-distillation method
using Clevenger’s apparatus according to Guenther [15]. Essential oil percentage was
estimated as (V/W) with the following equation:

% Essential 0il =V x 100/W

V = volume of oil after extraction; W = Weight of coriander seeds used for extraction; Oil
yield L/ha = (% Essential oil x seeds yield kg/ha)/100.

The extracted oil was dried using anhydrous sodium sulphate and subsequently
preserved in sealed glass vials at 4 °C for the gas chromatography-mass spectrometry
(GC-MS) analysis.

2.4. Statistical Analysis

In each season, the data were subjected to the analysis of variance in Randomized
Complete Block Design (RCBD) by using MSTAT-C V.2.1 software package for each season
separately according to procedures reported by Gomez and Gomez [16]. Differences among
means were compared for each trait using the least significant differences test (LSD).

3. Results and Discussion

Analysis of variance showed that coriander growth and yield were significantly
affected by compost application and foliar application of titanium dioxide, and a significant
interaction of these two factors also occurred in both seasons (Tables 1 and 2).
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Table 1. Effect of compost and titanium dioxide on plant height, umbels no., seed yield, oil percentage,
and oil yield of coriander during the first season.

Treatments Plant Height = Umbels No. Seed Yield Oil Yield Oil Yield
(cm) (1000/ha) (kg/ha) (%) (L/ha)
Co 56.73 966.66 1335.15 0.37 5.01
C1 86.17 1494 .43 2334.26 0.35 8.05
c2 98.27 1694.43 2757.20 0.30 7.87
LSD 5% 4.87 174.93 190.62 0.0113 0.8625
T0 64.72 1170.36 157591 0.36 5.78
T1 80.08 1429.62 2113.16 0.38 8.11
T2 84.41 1451.84 2289.98 0.30 6.33
T3 92.35 1488.88 2589.75 0.31 7.69
LSD 5% 2.96 96.15 130.27 0.0099 0.6016
COTO 42.23 777.77 842.21 0.33 2.78
C0T1 54.27 1022.21 1231.54 0.34 4.19
C0T2 62.23 1066.66 1537.98 0.4 6.15
CoT3 68.2 999.99 1728.87 0.4 6.92
C1T0 7411 1288.88 1939.98 0.34 6.60
CI1T1 86.38 1511.1 2139.31 0.4 8.56
C1T2 88.04 1555.54 2330.87 0.28 6.53
C1T3 96.13 1622.21 2926.86 0.36 10.54
C2T0 77.81 144443 1945.54 0.41 7.98
C2T1 99.58 1755.54 2968.64 0.39 11.58
C2T12 102.96 1733.32 3001.08 0.21 6.30
C2T3 112.73 1844.43 3113.53 0.18 5.60
LSD 5% 5.13 140.35 225.64 0.017 1.042

C0, without compost; C1, 50 m3 compost ha1; C2, 70 m® compost ha~1; TO, zero TiOy; T1, 2 gL’1 TiO2; T2, 4 TiOy;
T3, 6 gL' TiO,.

Table 2. Effect of compost and titanium dioxide on plant height, umbels no., seed yield, oil percentage,
and oil yield of coriander during the second season.

Treatments Plant Height  Umbels No. Seed Yield Oil Yield Oil Yield

(cm) (1000/ha) (kg/ha) (%) (L/ha)
Co 62.51 1083.32 1575.21 0.38 6.05
C1 90.48 1583.32 2585.81 0.34 8.82
C2 103.67 2049.98 2956.14 0.29 8.27
LSD 5% 4.54 59.73 51.46 0.0507 1.154
TO 68.28 1244.43 1891.91 0.36 6.87
T1 85.49 1548.13 2283.24 0.38 8.70
T2 91.77 1651.84 2568.71 0.29 7.07
T3 96.69 1844.43 2745.68 0.31 8.20
LSD 5% 3.64 95.3 78.85 0.0099 3.68
COTO 45.21 866.66 1051.33 0.35 4.85
CoT1 62.59 1066.66 1385.32 0.35 7.27
CO0T2 69.52 1155.54 1818.65 0.4 8.39
CO0T3 72.74 1244.43 2045.54 0.41 7.43
C1T0 77.66 1333.32 2185.09 0.34 9.79
C1T1 90.18 1577.76 2446.65 0.4 7.96
C1T2 93.83 1622.21 2744.64 0.29 10.09

C1T3 100.26 1799.98 2966.86 0.34 9.51
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Table 2. Cont.
Treatments Plant Height  Umbels No. Seed Yield Oil Yield Oil Yield

(cm) (1000/ha) (kg/ha) (%) (L/ha)

C2T0 81.98 1533.32 2439.31 0.39 11.47

C2T1 103.7 1999.98 3017.75 0.38 5.97
C212 111.95 2177.76 3142.86 0.19 6.13
C2T3 117.06 2488.86 3224.63 0.19 3.68

LSD 5% 9.12 165.07 136.58 0.017 0.713

C0, without compost; C1, 50 m3 compost ha~!; C2, 70 m3 compost ha™!; T0, zero TiO,; T1, 2 gL~! TiO2; T2, 4 TiOy;
T3, 6 gL' TiO,.

3.1. Effect of Compost

Application of compost fertilizer significantly affected coriander plant height, umbels
number, seed yield (t/ha), oil percent (%), and oil yield (L/ha). Compost application
resulted in significant increase in plant height, number of umbels per 1000/ha, and seed
yield of coriander as compared with control and in reaching their maximum values at
70 m3 ha~1.

Increase in compost dose from zero to 50 m® ha~! caused significant increments in
umbels number (55%, 46%) and seed yield (75%, 64%) in the first and second season,
respectively, whilst enhancement of compost dose from 50 to 70 m® caused significant
increments of 13% and 29% in umbels number and 18% and 14% in seed yield in the first
and second season, respectively.

The application of compost to the coriander plant significantly influenced oil percent
(%) and oil yield per ha. The maximum oil percent was recorded in control plants (un-
fertilized with compost). Perhaps due to this, a lesser amount of fertilizer is needed for
growing coriander, and adding too much fertilizer may lead to the dilution of flavor of
leaves and seeds [17], whereas the maximum essential oil yield was recorded in coriander
that received 50 m®, with no significant differences for 70 m®. An increase of 60% and
46% in oil yield (L ha™!) after applying 50 m® compost was noted in the first and second
season, respectively, although the application of this rate resulted in a 9 and 12% decline in
oil percent compared to control. On the other hand, raising the compost rate from 50 to
70 m3 ha~! resulted in a 13 and 17% decline in oil percent in the first and second season,
respectively accompanied by an insignificant reduction in the oil yield. Seed yield increases
were largely due to the increased number of umbels per plant and consequently increased
essential oil yield per ha.

These results are consistent with those of Lal et al. [11], who demonstrated that
vermicompost had significant effects on essential oil content and composition and the
maximum essential oil content of coriander (0.41 g kg~!) produced from the addition of
only 5t ha™! vermicompost (the lowest level). Moreover, Darzi [18] reported that adding 6
t ha~! vermicompost provided the highest essential oil content and yield, alpha-pinene
percent, and the minimum cymene percent in essential oil. Said-Al Ahl and Khalid [19]
investigated the effect of compost application on the fruits essential oil of C. sativum, and
they found that the highest percentage of essential oil was recorded when 15 m3 compost
per acre was added while spraying tea compost after 45 days and 60 days from the sowing
compared with the control treatments.

Like our results, previous research has shown that higher coriander growth and yield
attributes were achieved to various organic treatments, such as compost [20], sheep manure,
and vermicompost [21-23]. Applying 20 m®/feddan compost and 15-20 t ha~! vermicom-
post yielded the best herbage, seed yield, seed weight, oil percentage, oil yield (L/feddan),
total nitrogen and carbohydrate percentages, and essential oil composition [24,25]. Ver-
micompost at 9 ton/ha offered the highest fresh and dry weights of plant and biomass
yield [26]. Increasing growth and yield parameters with increasing compost rates may be
due to the increasing uptake of nutrients by coriander and the availability of N, K, Cu, Fe,
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and Mn in soil. Biological carbon sequestration, net biological, and soil carbon were also
enhanced [27].

Organic fertilization in our study could have produced similar or even greater yield
attributes than that reported by several authors who fertilized coriander with chemical
fertilization. The seed yield of coriander of the different treatments averaged from 842
to 3224 compared to 1200-1400 kg per hectare according to Kumar et al. [22] and 607.33—
1098.33 kg/ha according to Sharangi and Roychowdhury [28]. The number of umbels
per plant ranged from 966.66 to 2488.86 (1000/ha). Sharangi and Roychowdhury [28]
reported that the application of organic nutrient supplementation for coriander yielded
15.38—25.58 umbel / plant, while Khalid [29] showed that coriander plants treated with NP
fertilizers had 29.0 umbel/plant. The positive effect of organic fertilizers may result from
faster cell division, multiplication, and cell elongation in the meristematic region of the plant
due to production of plant growth-promoting substances, which stimulated the metabolic
process of the plant (including increased uptake of nutrients from insoluble nutrients by
the activation of desirable enzymes) [22]. For example, organic fertilization promotes
a higher production, improvements in soil characteristics, increase in cation exchange
capacity, elevation of pH, and maintenance of plant hormones production that stimulate
plant development and resistance [30]. The organic sources are directly or indirectly helpful
in increasing the availability and uptake of nutrients from the soil and ultimately boosting
the yield and quality of coriander without changing the properties of the soil [31]. By
contrast, a study by Carrubba and Ascolillo [32] showed significant decline in coriander
seed yields with organic fertilization compared to chemical fertilization, and this could be
attributed to the low rate of nitrification processes under those climatic conditions.

3.2. Effect of Foliar Application of Titanium Dioxide

Foliar application of titanium dioxide had a highly significant (p < 0.001) effect on
plant height, umbels number, seed yield, oil percent, and oil yield. Foliar application of
TiO; resulted in significant improvement in plant height, number of umbels, and seed yield
of coriander as compared with control, and thus, they reached their maximum values at
6 g L~! (Tables 1 and 2). Compared with the control, foliar application of TiO, at2 g L~*
enhanced numbers of umbels by 22% with no significant differences among 2,4, and 6 g L ™!
concentrations in the first season and by 24, 33, and 48% in the second season. Compared
with the control, increases in seed yield accounted for 34, 43, and 64% in the first season
and 21, 36, and 45% in the second season due to titanium dioxide application of 2, 4, and
6 g L™, respectively.

An increase in 0il percent accounting for 5% was noticed as titanium dioxide was
applied (2 g L™1). However, beyond this treatment, a decrease in oil percent was reported
where the medium and the higher applications of 4 and 6 g L~! had negative effects on the
oil percent in both seasons. Foliar application of 2 g L~ titanium dioxide produced the
highest essential oil yield. Compared with the control, increases in oil yield accounted for
40 and 26% due to titanium dioxide application of 2 g L1 in the first and second season,
respectively.

These results confirm the effectiveness of titanium dioxide on enhancing the growth
and yield parameters of some plants, as mentioned in very few reports. One of the studies
reported that exogenously applied TiO, NPs promoted growth characteristics, such as plant
height, branches number and fruit yield of coriander [33], aerial parts and root dry weights,
leaf area of lemon balm [34], plant height, and shoot fresh and dry weights and root dry
weight of Thymus vulgaris [35]. A similar response was proposed by Shabbir et al. [36]
while working with Vetiveria zizanioides since shoot and root FM and DM were improved
by TiO,NPs application at 90 mg L~!. Moreover, another study reported significant
increase in growth parameters of fennel plants where TiO; nanoparticles at 6 ppm gave
the highest number of branches, the highest fruit yield per plant and the highest values of
pigments, carbohydrates, phosphorus, sugars nitrogen, potassium [37]. The positive effect
of titanium dioxide on growth and yield parameters of some plants could be linked to the
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stimulating effect on the metabolic activities, i.e., stomatal conductance, enzyme activities,
net photosynthetic, chlorophyll fluorescence, and nutrient status (nitrogen, potassium, and
phosphorus) [13,38], enhancing the pigments, carbohydrates, sugars, and aminoacids [37].
At the same time, our results disagreed with those of Missaoui et al. [39] on fenugreek,
who stated that there were no significant effects on seedlings” growth and biomass of
stem but reported a decrease in the fresh weight of leaves after TiO,NPs treatment. Plants
treated with 100 mg L.~! of TiO,NPs presented a reduction and chlorosis in leaf area due
to a significant decrease in the chlorophyll a and b contents. The highest value of the
photosynthetic pigments was recorded at 50 mg L' of TiO,NPs.

3.3. Interaction between Compost and Foliar Application of Titanium Dioxide

As for the interaction effect between compost and foliar application of titanium dioxide,
data in Tables 1 and 2 showed that plants treated with 50 m® ha~! compost and 6 mg L !
TiO, application produced the highest values of plant height, umbels number, and seed
yield (t/ha) in both seasons. Among all treatments studied, the coriander that received
the highest dose of compost (70 m?®) without any titanium dioxide application produced
the highest essential oil percent of coriander seeds in the first season and 6 g L~! titanium
dioxide without compost application in the second season than other treatments, while
the lowest oil percent was achieved from the two rates of compost (50 and 70 m3) with the
highest concentration of titanium dioxide (6 g L~1). The maximum increase in oil yield
was recorded at 70 m3 compost with 2 g L~ titanium dioxide application. With the highest
dose of compost, coriander plants were less responsive to TiO, application where seed
yield did not differ significantly between the 2, 4, and 6 g L~! TiO, applications in the first
season and between the 2 and 4 g L™! and between 4 and 6 g L™! in the second season
although the seed yield trend corresponded to the increase in the number of umbels.

3.4. Essential Oil Composition

The essential oil profile of the harvested coriander seeds is detailed in Table 4. Overall,
22 components were identified that represented ~99% of the oil constituents. The main
component found in the essential oils is linalool (77.06-87.61%), followed by p-cymene (2.75-
4.98%), y-terpinene (1.23-2.05%), (+)-2-bornanone (1.67-4.55%), estragole (0.70-9.84%), and
(—)-carvone (0.59-2.38%). Such a profile is similar to the reports of other authors with
linalool as the main component [19,40], corresponding with the greater values in our study.
The interaction effect of nano-TiO; and compost application on essential oil composition
was significant (p < 0.01). The maximum content of linalool (87.61%) and minimum content
of estragole (0.70%) were recorded at 4 g L~! titanium dioxide with no compost. In all
titanium dioxide levels, linalool percentage decreased, and estragole contents increased
with increasing compost dose. The lowest content of linalool was obtained from plants
treated with 70 m® ha~! + 6 g L~ titanium dioxide, while the highest content of estragole
was obtained from plants treated with 70 m® without TiO, application. Elevated levels
of linalool and higher levels of estragole with higher compost rates may be due to the
fact that compost contains a high content of nitrogen, and the higher nitrogen application
increases methyl chavicol concentration and decreases the percentage of linalool in the
volatile oil of some aromatic plant species [41]. This is in accordance with the findings of
Said-Al Ahl and Khalid [19], who revealed that the highest value of linalool was obtained
by the treatment of 15 m® compost per feddan with the value of 79.23%, while the control
treatment gave the highest percentage of «-pinene and limonene with the values of 5.86%
and 6.86%. Likewise, vermicompost and inorganic fertilizers had no effect on the oil content
and linalool content of coriander [42]. In addition, Shabbir et al. [36] reported that different
foliar TIO,NPs concentrations noticeably affected the essential oil and khusimol yield of
Vetiveria zizanioides, recorded at 300 DAT and TiO,NPs at 90 mg L~! improved essential
oil and khusimol contents. In another study by Sayyadizadeh et al. [34] on lemon balm,
data showed that the low concentration of dioxide titanium increased essential oil percent.
Ahmad et al. [38] also implied this effect in their report of higher quality of Mentha piperita L
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essential oil by TiO2-NPs application, as the menthol component percentage is significantly
enhanced. Improved essential oil production might be attributed to the fact that TiO; has
an elicitor effect through jasmonic acid and its methyl-ester signaling. Conversely, some
previous studies have shown that titanium dioxide concentration had no effect on the
oil content and composition of Thymus vulgaris [35], and they are more likely affected by
several factors, such as genetic structure, climatic conditions, soil macro and micronutrient,
agricultural applications, and fruit size [43].

Table 3. Relative abundance (%) of the compounds in seed essential oils of coriander as affected by
the treatments of either titanium dioxide or compost application.

Titanium Dioxide Compost
No. Compound Rt Co0TO CoT1 CoT2 CoT3 C1T0 CiT1
% SD % SD % SD % SD % SD % SD
1 Sabinene 3.33 012 001 013 o001 010 0.1 013 001 013 0.01 0.09 0.01
2 [3-Pinene 3.42 014 001 014 o001 013 001 016 001 016 001 011 0.01
3 -Myrcene 3.65 018 002 018 002 015 002 018 002 018 002 013 0.02
4 p-Cymene 4.49 414 020 472 030 379 020 345 001 433 010 3.84 0.30
5 Eucalyptol 4.68 003 — 003 — 002 001 0.02 001 002 001 0.03 —
6 v-Terpinene 5.29 204 010 205 020 147 010 197 010 197 01 151 0.2
7 Linalool oxide B 5.85 030 001 04 010 031 001 028 001 028 001 024 010
8 Terpinolene 6.05 008 0.02 0.08 002 007 002 0.08 002 008 002 0.06 0.02
9 Linalool oxide A 6.35 020 001 026 001 033 001 054 001 054 001 073 001
10 Fenchone 6.41 019 0.01 022 0.01 — — — — — — — —
11 L-Linalool 6.88 85.54 050 8298 040 8761 030 8433 025 8374 050 7734 0.70
12 (+)-2-Bornanone 8.41 358 020 355 012 429 012 322 020 332 012 278 020
13 Citronellal 8.63 — — 013 002 — — 004 001 0.04 002 003 0.02
14 endo-Borneol 9.39 031 001 076 001 020 001 049 001 049 010 032 001
15 Terpinene-4-ol 9.63 013 001 017 001 010 001 012 001 012 001 012 0.01
16 Estragole 10.39 120 010 246 010 070 010 281 003 291 010 984 0.10
17 3-Citronellol 11.85 — — 0.09 0.10 — — — — — — — —
18 (—)-Carvone 12.38 091 020 059 020 — — 075 015 075 020 238 0.20
19 Grandlure II 12.85 — — 011 001 010 0.01 008 001 0.08 0.01 — —
20 Myrtenyl acetate 15.25 004 001 005 0.01 — — 004 0.01 004 0.01 — —
21 Geranyl acetate 17.72 068 010 079 0.01 — — 076 001 076 001 038 001
22 Dillapiole 27.73 021 001 0.09 001 056 001 0.05 001 005 001 0.07 001
Monoterpene hydrocarbons 6.70 7.30 571 597 6.85 574 6.70
Oxygenated monoterpenes 93.32 92.68 94.28 93.53 93.14 9426  93.32
Total 99.81 99.89 99.43 99.45 99.94 99.93 99.81
C0, without compost; C1, 50 m? compost ha-1; C2, 70 m® compost ha~1; TO, zero TiOy; T1, 2 gL*1 TiO2; T2, 4 TiOy;
T3, 6 gL =1 TiO,.
Table 4. Relative abundance (%) of the compounds in seed essential oils of coriander as affected by
the treatments of the combination of both titanium dioxide and compost application.
Titanium Dioxide + Compost
No. Compound Rt C1T2 C1T3 C2T0 C2T1 C2T2 C2T3
% SD % SD % SD % SD % SD % SD
1 Sabinene 3.33 011 001 011 o001 008 001 012 001 013 001 012 001
2 [-Pinene 3.42 013 001 013 001 010 001 014 001 014 001 014 001
3 [3-Myrcene 3.65 019 002 019 002 011 002 019 002 018 0.02 019 0.02
4 p-Cymene 4.49 428 030 409 030 332 030 288 020 275 010 498 0.10
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Table 4. Cont.
Titanium Dioxide Compost
No. Compound Rt CoTO0 CoT1 CoT2 CoT3 C1T0 CiT1

% SD % SD % SD % SD % SD % SD

5 Eucalyptol 4.68 005 — 005 — — — 004 — 003 001 0.04 001
6 v-Terpinene 5.29 120 02 189 020 123 020 135 020 152 010 188 0.10
7 Linalool oxide B 5.85 029 01 029 010 023 010 029 010 040 001 029 001
8 Terpinolene 6.05 0.09 002 009 002 005 002 008 002 008 002 008 002
9 Linalool oxide A 6.35 013 001 013 001 022 001 066 001 02 001 066 0.01

10 Fenchone 6.41 022 001 022 001 — — — — 022 001 — —
11 L-Linalool 6.88 8341 060 8291 060 8744 08 8124 070 791 04 7706 04
12 (+)-2-Bornanone 8.41 3.09 012 359 012 331 012 167 012 455 012 268 0.12
13 Citronellal 8.63 — — — — — — 003 002 013 0.02 0.03 0.02
14 endo-Borneol 9.39 0.65 001 065 001 02 001 037 001 076 001 037 001
15 Terpinene-4-ol 9.63 067 001 017 001 01 001 013 001 017 001 013 0.01
16 Estragole 10.39 302 020 252 020 224 010 776 010 746 010 876 0.10

17 -Citronellol 11.85 — — — — — — — — 009 010 — —
18 (—)-Carvone 12.38 065 020 065 020 — — 192 020 059 020 192 0.20

19 Grandlure II 12.85 042 001 042 001 02 001 — — 011 o001 — —
20 Myrtenyl acetate 15.25 — — — — — — 003 001 005 001 0.03 001
21 Geranyl acetate 17.72 098 001 148 001 022 001 052 001 079 001 052 001

22 Dillapiole 27.73 — — — — — — — — 009 001 — —
Monoterpene hydrocarbons 6.50 5.97 4.89 4.76 4.80 739  6.50
Oxygenated monoterpenes 93.08 93.53 94.16 94.66 94.8 9249  93.08
Total 99.58 99.50 99.05 99.42 99.51 99.88 99.58

C0, without compost; C1, 50 m? compost ha=1;C2, 70 m® compost ha~1; TO, zero TiOy; T1, 2 gL*1 TiO2; T2, 4 TiOy;
T3, 6 gL' TiO,.

4. Conclusions

Based on data from the present study, it could be recommended to supply Coriandrum
sativum plants with compost at 70 m® ha=! in combination with 2 g L ™! titanium dioxide
to ensure the highest umbel number, seed yield, and essential oil yield.
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analysis of the compost used in the experiment.
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