Influence of planting distances in presence of chemical fertilization and compost on
growth, essential oil , artemisinin content and chemical constituents of Artemisia annua

L. plant.

ABSTRACT
Artemisia annua L. (Asteraceae) is an essential annual plant, which is characterized by the

treatment of some diseases. The aerial parts contain aromatic volatile oils and non-volatile
sesquiterpenes used in the pharmacopoeia. Artemisinin is the most important sesquiterpene and its
derivatives are used as a remedy against malaria. This investigation was carried out in the Ornamental
Farm of the Hort. Dept., Fac. of Agric, Benha Univ. Egypt, during the two sequent seasons of
2019/2020 and 2020/2021 to study the effect of planting distances and applying fertilization on
vegetative growth, chemical constituents and oil of Artemisia annua (L) plant. Results showed, in both
cuts and seasons that the maximum values of vegetative growth and root parameters were obtained from
a planting distances (40*40 cm) and fertilization with 100% organic fertilizers. Besides, the combination
between planting distances and fertilization treatments enhanced the chemical compositions of the
plant, especially with a ( 40*40 cm) planting distance and the combination of 100% of organic compost
(15m3/Fed.) and the full and half doses of the chemical fertilizers (F3) in the two cuts at both seasons.
Gc-MS analysis of of Artemisia annua L.On the other hand, essential oil revealed the presence of 23
components which were identified. The major components were champhore, cis-sabinene hydrate, trans
B-ocimene, artemisia ketone, borneol, trans-caryophyllene, myrtenal and B- Selinene.Furthermore, the
highest value of artemisinin percentage (1.4 %) was scored by (60*60 ) with 50% organic compost
(7.5m3per/Fed.) and 50% from the recommended chemical fertilizers (F2). Consequently, it is preferable
to apply the planting distance of ( 40*40 cm) and apply the F3 fertilizers combination for enhancing all
characteristics of the artemisia plant.

Keywords. Artemisia annua, artemisinin content, planting distance, fertilizers, growth and volatile

oil .



Introduction

Artemisia is an annual plant belongs to the family Asteraceae, which is included
in the Chinese Pharmacopoeia, and is characterized by the treatment of some diseases
(Hall and Clements, 1923).

Artemisinin extract showed potent antimalarial properties with little or no side
effects for the first time in China in 1972. (Klayman et al, 1984; Klayman, 1985;
Balint, 2001; Efferth, 2007). In addition, it is a major source of artemisinin, which are
effective against cancer. Also, it contains leishmania and sesquiterpene lactone which
has multi-drug resistance and antimalarial effect. (Yang and Liew, 1993; Sen et al.,
2007), has higher flavonoid content used as antioxidants. There are potential uses of
Artemisia annua extracts for humans and livestock based on the synergistic effects of
the flavonoid artemisinin precursors, etc., including the reported antimalarial effects of
traditional A. annua tea. (Mueller et al., 2004; Blanke et al., 2008), and a rich source
of antioxidants (Cai et al., 2004).

Several researchers have reported that plant density can alter the interception of
photosynthetic active radiation (PAR) and the distribution of light within the canopy, the
number of resources including water and nutrients , and the volume of soil available to

each plant.

Also, the total acre production is affected by the planting distances, so attention must

be paid to its studies, as this affects the number of plants per unit area. EI-Ghawwas et.al.

(2011) on (Artemisia annua) illustrated that the planting distance (60 x 40cm) improved

the vegetative growth of the plant.Also Choudhari and Choudhary (2013) on artemisia

plant, Tadesse(2019) on (Lavandula anguistifolia) , Tadesse(2019) on Rosmarinus

officinalis, Degu and Amano (2020) on (Lavandula angustifolia), and Mengistu et.al.

(2021) on (Nigella sativa). cleared the importance of the planting distance on the growth

and productivity of these plants.



In recent decades in agricultural production affected the use of NPK
fertilizers was responsible for the increase of 33:66% in plant productivity (Fageria and
Baligar, 2005). Excessive use of chemical fertilizers such as soil salinity, and heavy
metal pollution, (Hatamian et al., 2020).However, organic fertilizers contribute to the
improvement of various soil properties, including soil structure, microbial activity,
facilitation of the environment, and the ability to retain moisture. (Suresh et al., 2004;
Shahram and Ordookhani, 2011). Thus, organic has been used to improve plant growth
and productivity and improve the physical and biological properties of the soil
(Zheljazkov and Warman, 2004). In many studies, organic fertilizers can enhance plant
growth and yield productivity (Naiji and Souri, 2018; Najarian and Souri, 2020).
Badalingappanavar et al. (2018) declared that the use of organic fertilizers improves the
yield and quality of various plants, and it is possible to replace up to 30% of chemical
fertilizers (Wen et al., 2016). However, many long-term studies have indicated that
organic amendments increase the production of plants (Scotti et al., 2015). Mohamed
et.al. (2021) suggested that mixing organic and chemical fertilizers improved vegetative

growth, seed yield, yield, chemical components, and oil productivity. of ajwain.

Thus, objective of this study was to evaluate the effect of planting distance, and the

fertilizations treatments beside the interaction among them on the growth and chemical

constituents of Artemisia annua plants.

Materials and methods

Experimental location

This investigation was carried out in an open field at the Ornamental Farm of the
Department of Horticulture Faculty of Agriculture, Benha University, Egypt during the
two sequent seasons of 2019/2020 and 2020/2021 for studying the effect of some
agricultural treatments on Artemisia (Artemisia annua L) plant.

Plant material :-



Well-established seedlings of Artemisia ( 27-33 cm in height with 5-7 leaves ) were
obtained from Ornamental Farm, Hort. Dept., Fac. of Agric, Benha Univ., and the
planting process was achieved on the 15" and 21% of March in the first and the second
seasons, respectively.

Growing Medium

Artemisia seedlings were planted in clay loamy soil, and the physical and chemical
properties of the experiment soil were presented in Table (1). Organic compost was added
at levels of 15 m® and 7.5 m?/ Feddan to the plot area (rows), assigned as 100% and 50%
organic fertilizer before the planting process during the soil preparation, then the
experimental plot (1*1 m?) was divided into rows. In addition, the organic compost
(Pharaohs compost) chemical analysis was presented in Table (2).

Table (1). Physical and chemical properties of the experimental soil

Parameters Values Parameters Values
A. Mechanical properties B. Chemical analysis
(2018-2019) (2019-2020) (2018-2019) (2019-2020)
Coarse sand 6.88 % 5.77 % Organic matter 1.77% 1.88 %
Fine sand 12.66 % 13.34 % CaCO; 1.11 % 1.14 %
Silt 26.44 % 28.88 % Available nitrogen 0.96 % 0.84 %
Clay 54.02 % 52.01 % Available phosphorus 0.28% 0.35 %
Textural class Clay loam Clay loam Available potassium 0.60 % 0.67%
pH 7.61 7.57
EC (dS/m) 0.91 0.97

Table (2). Chemical analysis of the applied compost.

Season
(2018-2019) | (2019-2020)
Weight of 1m? (kg/m3) | 510 496
Moisture content % 7 9
Organic matter % 45 49
Organic carbon % 25 29
N % 1.4 1.6
C:N ratio 17.8 18.1
NOs - N (ppm) 144 139




NH; — N (ppm) 55 60
P % 0.88 0.77
K % 1.3 1.6
Zn % 88 96
Mn (ppm) 96 105
Fe (ppm) 122 115

Experiment factors

The first factor was the planting distance (D) at four measures as follows
Di: 30*30 with 15 plants/plot

D2: 40%40 with 12 plants/plot

D3: 50*50 with 10 plants/plot

D4: 60%60 with 7 plants/plot

The second factor was combinations among the recommended chemical fertilizers
and the organic compost at different rates. As the recommended chemical fertilizers rates
were {(urea (48%N), calcium superphosphate (15.5% P»0Os), and potassium sulfate
(48%K,0) at a rate of 350: 200:150 kg/Fed. according to the Egyptian Ministry of
Agriculture and Land Reclamation). In addition, the organic compost was used at two
different rates (15 and 7.5 m?/Fed.). The combinations among the two fertilizer types were
as follows:

Fi: 100% of the recommended chemical fertilizer (36g urea, 48g calcium superphosphate,
and 24g potassium sulphate/plant).

F2: 50% of the recommended chemical fertilizer (18g urea, 24g calcium superphosphate,
and 12g potassium sulphate/plant) + 50% of the organic compost (7.5 m?/ Fed.).

F3: 100% of organic compost 15 m?/ Fed. and the full and half doses of the recommended
chemical fertilizers were added after 45 days from transplanting at three equal doses
before the Frist cut, the first dose after 45 days from the transplanting process, then the
second dose after 20 days from the first dose while the third after 20 days from the second
dose. Whereas the second part was added after the first cut at three equal doses with 15%
days interval between them.

Experiment layout



The layout of this experiment was a factorial experiment in Randomized Complete
Block Design (RCBD) with two factors the first factor was four planting distances
treatments and the second was three combinations from the recommended chemical
fertilizers and organic compost treatments. All the twelve treatments had three replicates and
each replicate contained three plots area with five plants in each. The plants received normal
agricultural practices whenever needed.

Harvesting time

The plants were harvested at the full-blooming stage. The plants were cut twice
in each time. The first cut was done on the 15% of July. while, the second cut were done on
1% of October) at the two growing seasons of 2019-2020 and 2020-2021.

Data recorded.
1-Vegetative growth:

The plant height (cm), stem diameter (cm), branches number/plant, fresh and dry weight
g/plant, fresh and dry weight of leaves (g) were measured.

2. Root parameters

The root length, number of roots, fresh and dry weight of the roots were calculated

3. Chemical composition

Photosynthetic pigments etc. chlorophyll a, b, and carotenoids (mg/100g F.W.) were
calorimetrically determined in leaves according to the method described by Horwitz,W.;
Latimer,G.W. (1990). Also, the nitrogen, phosphorus, potassium, and total carbohydrates
were determined in the dried leaves at the flowering stage according to Horneck and Miller
(1998), Hucker and Catroux (1980), Horneck and Hanson (1998) and Herbert et al.

(1971), respectively. Furthermore, the essential oil percentage was determined as



described in the British Pharmacopoeia (1963). In addition, the determination of the (Bilia
et al. 2006).

and the GC/MS analysis of the essential oil was achieved according to Guenther
(1961) and British Pharm. (1963).

Statistical analysis

The means of all obtained data from the studied factors were subjected to analyses of
variance (ANOVA) as a factorial experiment in a complete randomized block design). The
differences between the mean values of various treatments were compared by using the least
significant differences (LSD) at 5%, as given by (Snedecor and Cochran 1989) using
MSTAT-C statistical software package.






Results and Discussions

1. Impact of planting distances and fertilization treatments and their combination on
Vegetative growth measurements:

Tables (3:6) illustrated that all vegetative growth measurements i.e., plant height
(cm) , N. of branches number /plant, stem diameter(cm) ,fresh weight of plant (g), dry
weight of plant (g) , fresh weight of leaves(g), dry weight of leaves(g) of artemisia
(Artemisia annua L) plant increased by using planting distance especially (40*40 cm) in

the two cuts and in both seasons.

Referring to fertilizer treatments, data showed that all the above-mentioned vegetative
growth parameters were greatly affected by all fertilizer treatments in both cuts in both
seasons. Hence, the values in these parameters were statistically induced by F3 (100%
organic fertilizers (15m?* / feddan of compost), followed by F» (50% chemical fertilizer
and 50% organic). Whereas F; (100% chemical fertilizers ranked the third value in this
concern. Furthermore, the combination effect between planting distances and fertilization
treatments, data in the same Tables revealed that all combinations between planting
distances and fertilization treatments increased all parameters of artemisia mentioned
afore of Artemisia. This trend was true during two cuts in both seasons of this study.
However, the highest values were recorded by using the combined treatment between
planting distances (40*40 cm) and F;, then the combined treatment between planting
distances (60*60 cm) and F; in the two cuts and seasons in most cases. The combined
treatment between planting distances (40*40 cm) and F» ranked the third values in this
context in most cases in the two cuts and in both seasons.



Table (3) Impact of planting distance and fertilization treatments and their combination treatments on Plant height
(cm) and N. of branches/plant of artemisia plant during 2019-2020 and 2020-2021seasons

Parameters Plant height (cm) N. of branches/plant
cutting 1t cut 2" cut 1% cut 2" cut
Fertilization B B B B
reatments (B)
Fl F2 F3 Mean Fl F2 F3 Mean Fl Fz F3 Mean Fl F2 F3 Mean
Plant distance (A)
1t season
30*30 199.67 | 201.33 | 210.00 203.67 172.67 | 186.67 195 184.78 33.00 | 37.00 | 40.00 | 36.67 132.67 134.67 136.33 134.57
40*40 206.00 | 207.00 | 210.67 | 207.89 183.67 | 185.00 | 195.00 187.89 37.00 | 38.67 | 40.33 | 38.67 137.67 138.00 140.00 138.57
50*50 203.67 | 206.00 | 207.00 205.56 171.33 | 174.00 | 179.00 174.78 33.33 | 35.67 | 37.33 | 35.44 130.33 132.67 136.67 133.22
60*60 205.33 | 206.33 | 208.33 206.67 183.33 | 184.67 | 185.67 184.56 | 34.33 | 37.00 | 39.67 | 37.00 135.33 137.33 141.00 137.89
Mean 203.67 | 205.17 | 209.00 177.75 | 182.58 | 188.67 34.42 | 37.08 | 39.33 134.00 135.67 138.50
A=2.155 B=1.867 AXB=3.733 A=3.339 B=2.892 AXB=5.784
L.S.D at 0.05 for A=2.339 B=2.026 AXB=4.052 A=2.169 B=1.878 AXB=3.757
2" season
30*30 197.33 | 202.33 | 204.33 | 201.33 173.67 | 184.00 | 192.33 | 183.33 33.33 | 35.00 | 38.67 | 35.67 131.33 132.67 136.67 133.56
40*40 205.00 | 206.67 | 207.67 | 206.44 183.67 | 185.33 | 186.67 | 185.22 35.00 | 37.33 40.00 | 37.44 134.33 135.00 137.67 135.67
50*50 201.67 | 205.00 | 209.00 | 205.22 168.33 | 171.33 | 175.33 | 171.67 32.67 | 34.33 35.67 | 34.22 129.67 132.67 134.00 132.11
60*60 202.67 | 206.00 | 208.00 | 205.57 180.67 | 182.67 | 185.67 | 183.00 34.33 | 36.33 38.00 | 36.22 132.67 135.00 136.67 134.78
Mean 201.67 | 205.00 | 207.25 176.58 | 180.83 | 185.00 33.83 | 35.75 | 38.08 132.00 133.83 136.25
A=2.430 B=2.105 AXB=4.209 A=2.742 B=2.375 AXB=4.750 A=2.103 B=1.821 AXB=3.642 A=3.001 B=2.599 AXB=5.198

L.S.D at 0.05 for

Fi=100% R.D. of chemical fertilizers , F2=50% r.p. of chemical fertilizer and 50% organic fertilizer , Fo= 100% organic fertilizer (15m? / feddan of compost
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Table (4) Impact of planting distance and fertilization treatments and their combination treatments on stem
diameter(cm)and fresh weight of plant (g)of artemisia plant during 2019-2020 and 2020-2021seasons

Parameters Stem diameter(cm) Fresh weight of plant (g)
cutting 1%t cut 2™ cut 1%t cut 2" cut
Fertilization B B B B
treatments (B)

Fl Fz F3 Mean Fl Fz F3 Mean Fl Fz F3 Mean Fl F2 F3 Mean

Plant distance (A)
1%t season
30*%30 1.00 | 1.07 | 0.93 | 1.00 0.83 | 0.93 0.80 0.86 127.33 | 129.33 | 132.00 | 129.56 || 152.67 | 154.33 | 157.00 | 154.67
40*%40 1.00 | 0.80 | 1.03 | 0.94 0.90 | 0.70 0.83 0.81 150.00 | 160.00 | 180.00 | 163.33 || 182.67 | 184.00 | 192.33 | 186.33
50*50 0.87 ] 093 [ 1.07 [ 096 || 0.77 | 0.80 | 0.80 0.79 | 135.00 | 165.00 | 167.67 | 155.89 || 150.00 | 155.00 | 175.67 | 160.22
60%60 097 | 1.20 | 1.17 | 1.11 | 0.70 | 0.80 0.90 0.80 | 160.00 | 163.00 | 165.33 | 162.78 || 183.00 | 185.67 | 188.00 | 185.56
Mean 0.96 | 1.00 | 1.05 0.80 | 0.81 0.83 143.08 | 154.33 | 161.25 167.08 | 169.75 | 178.25
A=0.138 B=0.120 A=0.116 B=0.100 B B B B _ _
L.S.D at 0.05 for AXB=0.240 AXB=0.200 A=3.830 B=3.317 AXB=6.633 A=3.380 B=2.927 AXB=5.854
2" season
30*30 0.80 | 0.77 | 0.80 [ 0.79 | 0.57 | 0.67 0.73 0.66 | 127.67 | 129.33 | 132.33 | 129.78 || 150.00 | 153.33 | 155.00 | 152.78
40%*40 0.88 | 1.03 | 0.73 | 0.88 | 0.60 | 0.67 0.67 0.64 | 152.67 | 157.67 | 178.33 | 162.89 || 180.67 | 183.00 | 190.67 | 184.78
50*50 1.03 | 1.00 | 1.03 | 1.02 | 0.63 | 0.73 0.77 0.71 140.00 | 160.67 | 161.33 | 154.00 || 150.00 | 153.67 | 171.00 | 158.22
60%60 0.90 | 1.07 | 1.00 [ 0.99 | 0.53 | 0.70 0.90 0.71 158.00 | 161.00 | 164.67 | 161.22 || 181.33 | 184.00 | 187.67 | 184.33
Mean 0.90 | 0.97 | 0.89 0.58 | 0.69 0.77 144.58 | 152.17 | 159.17 165.50 | 168.50 | 176.08
15D at0.08 £ A=0.175 B=0.152 A=0.124 B=0.107 A=2.801 B=2.426 AXB=4.852 A=3.222 B=2.790 AXB=5.580
->-1 at 0.05 for AXB=0.303 AXB=0.214

Fi= 100% R.D. of chemical fertilizers, F»=50% rp. ot chemical fertilizer and 50% organic fertilizer , Fo= 100% organic fertilizer (15m?/ feddan of compost

2. Impact of planting distance and fertilization treatments and their combination on

root parameters

Data in Tables (6 and 7) reveals that, planting distances (40*40 cm) score the

highest increases of fresh weight of root(g) , dry weight of root(g), N. of roots/plant and

root length (cm) .
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Table (5) Impact of planting distance and fertilization treatments and their combination treatments on dry weight of
plant(g)and fresh weight of leaves (g)of Artemisia Annua L. Plant during 2019-2020 and 2020-2021seasons

Parameters Dry weight of plant(g) Fresh weight of leaves(g)
Cutting 1%t cut 27 cut 1%t cut 2nd eyt
ertilization treatments Fertilization treatments Fertilization treatments Fertilization treatments Fertilization treatments
B)

Fl Fz F3 Mean Fl Fz F3 Mean Fl F2 F3 Mean Fl Fz F3 Mean

Plant distance (A)
15t season
30*30 45.00 | 47.33 | 51.00 | 47.78 [ 52.00 | 54.00 | 56.33 | 54.11 ]| 30.98 | 35.30 | 47.78 | 38.02 || 50.51 | 58.98 | 64.01 | 57.83
40*40 71.67 | 75.33 | 81.33 | 76.11 || 90.33 | 93.00 | 95.33 | 92.89 | 44.53 | 45.97 | 53.21 | 47.90 | 54.99 | 61.02 | 64.31 | 60.10
50*50 65.00 | 68.00 | 81.67 | 71.56 | 85.33 | 88.00 | 93.00 | 88.78 | 40.12 | 45.77 | 50.32 | 45.40 | 52.33 | 57.01 | 66.00 | 58.45
60*%60 67.67 | 76.00 | 82.67 | 75.44 || 87.67 | 89.33 | 95.33 | 90.78 | 42.52 | 45.05 | 52.09 | 46.55 | 55.14 | 59.88 | 64.92 | 59.98
Mean 62.33 | 66.67 | 74.17 78.83 | 81.08 | 85.00 39.54 | 43.02 | 50.85 53.24 | 59.22 | 64.81
A=2.663 B=2.307 A=2.829 B=2.450 A=2.157 B=1.868 B B _
L.S.D at 0.05 for AXB=4.613 AXB=4.901 AXB=3.736 A=3.421 B=2.963 AXB=5.925
2"d season

30*%30 42.67 | 45.67 | 50.00 | 46.11 | 51.00 | 53.00 | 55.67 | 53.22 | 29.20 | 33.39 | 45.51 | 36.03 | 50.41 | 57.30 | 63.07 | 56.92
40*40 70.67 | 73.33 | 81.00 | 75.00 | 85.00 | 92.00 | 93.33 | 90.11 | 43.38 | 45.09 | 50.80 | 46.42 | 53.90 | 58.07 | 64.24 | 58.73
50*50 65.00 | 66.67 | 80.33 | 70.67 | 83.33 | 89.00 | 91.33 | 87.89 | 39.62 | 43.95 | 50.53 | 44.70 | 51.43 | 56.35 | 64.95 | 57.58
60*%60 65.67 | 75.00 | 83.33 | 74.67 | 86.33 | 88.00 | 94.33 | 89.56 | 40.43 | 45.62 | 51.72 | 45.92 | 51.93 | 60.28 | 62.93 | 58.38
Mean 61.00 | 65.17 | 73.67 76.42 | 80.50 | 83.67 38.16 | 42.01 | 49.64 51.92 | 57.99 | 63.80
15D at0.08 £ A=2.435 B=2.108 A=3.197 B=2.769 A=1.961 B=1.699 A=3.543 B=3.069 AXB=6.137
->-1 at 0.05 for AXB=4.217 AXB=5.537 AXB=3.397

Fi=100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer , Fo= 100% organic fertilizer (15m? / feddan of compost
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Table (6) Impact of planting distance and fertilization treatments and their combination treatments on dry weight of

leaves(g)and fresh and dry weights of roots (g)of artemisia plant during 2019-2020 and 2020-2021seasons.

Parameters Dry weight of leaves(g) Fresh weight of roots(g) | Dry weight of roots(g)
cutting 1% cut 2" cut
Fertilization B B B B
eatments (B)

Fl Fz F3 Mean Fl F2 F3 Mean Fl Fz F3 Mean Fl Fz F3 Mean

Plant distance (
15t season
30*30 687 | 9.62 | 1248 | 9.66 | 17.99 | 21.06 | 22.76 | 20.60 | 9.74 | 11.58 | 14.51 | 11.94 3.78 | 4.31 6.69 | 4.93
40%*40 13.80 | 16.05 | 18.49 | 16.11 || 25.43 | 28.81 | 31.61 | 28.62 | 14.70 | 18.98 | 25.45 | 19.71 4.98 | 6.88 10.96 | 7.60
50*50 9.14 | 13.50 | 17.82 | 13.49 | 18.93 | 22.70 | 28.39 | 23.34 | 14.84 | 16.04 | 17.37 | 16.09 4.77 | 5.26 7.41 5.82
60*60 11.64 | 13.81 | 17.94 | 14.46 || 19.20 | 25.22 | 27.22 | 23.88 | 14.44 | 18.25 | 18.70 | 17.13 5.50 | 6.44 7.87 | 6.60
Mean 10.36 | 13.25 | 16.68 20.39 | 24.45 | 27.50 13.43 | 16.21 | 19.01 4.76 | 5.72 8.23
A=1.989 B=1.722 A=2.553 B=2.211 B B B _ _ _
L.S.D at 0.05 for AXB=3.445 AXB=4.422 A=1.206 B=1.045 AXB=2.090 [ A=0.943 B=0.817 AXB=1.633
2" season

30*30 853 | 9.97 | 11.67 | 10.06 | 19.03 | 20.36 | 21.70 | 20.36 | 9.70 | 11.17 | 12.30 | 11.06 3.60 | 4.26 5.13 433
40*40 12.47 | 16.30 | 17.54 | 15.44 | 22.81 | 27.10 | 28.33 | 26.08 | 14.30 | 18.80 | 22.76 | 18.62 477 | 6.60 8.89 6.75
50*50 8.88 | 12.76 | 16.10 | 12.58 || 17.61 | 22.12 | 26.37 | 22.03 | 13.87 | 15.80 | 13.90 | 14.52 375 | 429 6.56 4.87
60*%60 11.80 | 13.83 | 15.80 | 13.81 | 20.20 | 24.90 | 30.80 | 25.30 | 13.88 | 17.67 | 18.03 | 16.52 4.41 5.80 7.60 5.94
Mean 1042 | 13.21 | 15.28 19.91 | 23.62 | 26.80 12.94 | 15.86 | 16.75 413 | 5.24 7.05

A=1.971 B=1.707 AXB=3.14 || A=2.510 B=2.174 A=1.116 B=0.967 AXB=1.934 | A=1.085 B=0.940 AXB=1.879
L.S.D at 0.05 for AXB=4.347

Fi=100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer , Fo= 100% organic fertilizer (15m? / feddan of compost
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Table (7) Impact of planting distance and fertilization treatments and their combination treatments on N. of roots/plant

and fresh, root length (cm) and chlorophyll a of artemisia plant during 2019-2020 and 2020-2021seasons.

Parameters Chlorophyll a
N. of roots/plant Root length (cm) Py
cutting 1% cut 2M cut
Fertilization B B
treatments (B)
Mea Mea Mea Mea
Fi | F2 F; [ " |F1 |F:|F; YUAF |F2 |[Fs | | F1 |F2 |Fs |,
Plant distanc
(A)
15t season
30*%30 7.33 8.00 | 11.33 | 8.89 [ 7.67 8.67 9.33 8.56 0.66 | 0.79 | 0.82 | 0.76 | 0.47 | 0.49 | 0.57 | 0.51
40%40 8.67 12.00 | 13.00 | 11.22 || 10.00 | 11.33 13.00 1144 | 151 | 1.67 | 1.84 | 1.68 |[ 1.19 | 1.33 | 1.43 | 1.32
50*50 5.67 9.67 | 12.00 | 9.11 | 8.00 10.00 1033 9.44 073 | 0.82 | 090 | 0.82 || 048 | 0.54 | 0.60 | 0.54
60*60 8.00 11.00 | 11.33 | 10.11 || 9.00 9.67 11.33 1000 J 096 | 111 | 131 | 113 [ 0.73 | 0.94 | 1.11 | 0.93
Mean 7.42 10.17 | 11.92 8.67 9.92 11.00 097 | 1.10 | 1.22 0.72 | 0.82 | 0.93
B B B A=1.614 B=1.398 A=0.062 B=0.054 A=0.076 B=0.066
L.S.D at 0.05 for A=1.571 B=1.361 AXB=2.721 AXB=2.795 AXB=0.107 AXB=0.131
2" season

30*30 6.67 7.67 9.00 7.78 6.33 8.00 9.00 7.78 064 | 078 | 0.83 [ 0.75 [ 0.45 | 0.49 | 0.56 | 0.50
40%40 7.67 11.33 | 13.00 10.67 8.33 10.00 | 10.67 | 9.67 150 | 139 | 1.03 | 1.31 || 1.24 | 1.43 | 1.82 | 1.50
50*50 6.00 9.67 10.00 8.56 8.00 8.33 9.67 8.67 0.66 | 0.80 | 0.87 | 0.77 | 048 | 0.52 | 0.59 | 0.53
60*60 7.33 9.67 11.00 9.33 8.67 9.00 10.00 | 9.22 093 | 113 | 1.23 | 1.10 [[ 0.67 | 0.89 | 1.03 | 0.86
Mean 6.92 9.58 10.75 7.83 8.83 9.83 093 | 1.02 | 0.99 0.71 | 0.83 | 1.00

L.S.D at 0.05 for

A=1.401 B=1.213 AXB=2.426

A=1.359 B=1.177 AXB=2.354

A=0.112 B=0.097
AXB=0.193

AXB=0.161

A=0.093 B=0.080

Fi=100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer, F,= 100% organic fertilizer (15m? / feddan of compost
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All fertilizers treatments progressively increased root parameters mentioned afore with a
superior of F3 (100% organic fertilizers (15m?* / feddan of compost), followed by F>  (50%
chemical fertilizer and 50% organic) in the first and second seasons. On the contrary, the

lowest values of these parameters were obtained F1 (100% chemical fertilizers).

Additionally, data in Tables (6 and 7) show that all the combinations between planting
distances and fertilization treatments statistically increased of parameters mentioned above
especially, planting distances (40*40 cm) and F3, then by the combined treatment between
planting distances (60*60 cm) and F3 in the two seasons. The combined treatment between
planting distances (40*40 cm) and F resulted in high increments in this concern. On the
opposite, the lowest values of the abovementioned parameters were obtained from the
combination of scored by between planting distances (30*30 cm) and F; in both seasons.

Similar results were mentioned before for the impact of planting distance on the
vegetative growth of Artemisia annua by El-Ghawwas et.al. (2011) illustrated that the
planting distance (60 x 40cm) improved the fresh and dry herb yields/plant, Choudhari
and Choudhary (2013) showed that, 4560 cm distance scored the maximum leaf yield
Artemisia annua plant, Tadesse(2019) on (Lavandula Anguistifolia) and Rosmarinus
officinalis, Degu and Amano,(2020) on (Lavandula angustifolia),) and Mengistu et.al.
(2021) on (Nigella sativa).

The results are consistent with Abou El-Ghait et al. (2012) on Indian fennel,
Shakouri et.al.(2014) on (Artemisia annua) , Omer et.al.(2014) on (Artemisia annua),
Elsayed et.al. (2020) on (Anethum graveolens), Ghatas (2020) revealed that the vegetative
growth of coriander increased with a complete dose of mineral fertilizer and height, number
of umbels, and seed yield of coriander. Mohamed et.al. (2021) suggested that mixing
organic and chemical fertilizers improved vegetative growth, seed yield, yield, chemical

components and oil productivity. of ajwain.Mirjalili et.al.(2022) on (Satureja bachtiarica
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Bunge) found that The maximum plant weight was observed with organic fertilizer

application at high plant density (HPD) plant density in the second year.

3. Impact of planting distances and fertilization treatments and their combination on

chemical constituents

Tables (7:10) demonstrated that the planting distance of (40*40 cm) gave the
highest values of chlorophyll a, b, carotenoids content, total carbohydrates%, N%, P% and
K% in two both cuts and seasons. Referring to, all the fertilizer treatments progressively
maximized, chemical compositions mentioned afore with the superiority of Fz (100%
organic fertilizers (15m? / feddan of compost), followed by F» (50% chemical fertilizer and

50% organic) in both cuts in the first and second seasons.

Furthermore, the combination between planting distances and fertilization treatments had

a significant effect on these parameters per plant.
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Table (8) Impact of planting distance and fertilization treatments and their combination treatments on chlorophyll a, b

and carotenoids of artemisia plant during 2019-2020 and 2020-2021seasons.

Parameters chlorophyll b carotenoids
cutting 1%t cut 21 eyt 15t cut 2m cut
ertilization treatments (B) B B B
Fl Fz F3 Mean Fl Fz F3 Mean Fl F2 F3 Mean Fl Fz F3 Mean

Plant distance (A)

1%t season
30*30 0.53 | 0.60 | 0.63 | 059 [ 036 | 0.40 | 0.42 | 0.40 ] 0.39 | 0.44 | 0.51 | 0.44 | 0.13 | 0.14 | 0.15 | 0.14
40%40 0.68 | 091 | 1.36 | 099 [ 053 | 057 | 0.64 | 058 ] 0.61 | 0.68 | 0.73 | 0.67 0.18 | 0.19 | 0.19 | 0.19
50*50 0.56 | 0.66 | 0.71 | 0.64 |[ 0.47 | 0.54 | 0.58 | 0.53 | 0.51 | 0.53 | 0.56 | 0.53 0.16 | 0.16 | 0.18 | 0.17
60*60 0.61 | 0.71 | 0.78 | 0.70 [ 0.49 | 0.55 | 0.60 | 0.55 ] 0.53 | 0.60 | 0.66 | 0.60 0.17 | 0.17 | 0.18 | 0.18
Mean 0.60 | 0.72 | 0.87 0.46 | 0.52 | 0.56 0.51 | 0.56 | 0.62 0.16 | 0.17 | 0.18
L.S.D at 0.05 for A=0.093 B=0.080 A=0.031 B=0.027 A=0.002 B=0.0018 A=0.002 B=0.0018
e : AXB=0.161 AXB=0.054 AXB=0.004 AXB=0.004

2" season
30*%30 052 | 059 | 0.64 | 0.58 [ 036 | 038 | 0.45 | 039 ] 0.37 | 0.42 | 0.52 | 0.44 0.13 | 0.14 | 0.15 | 0.14
40%40 0.66 | 0.73 | 0.79 | 0.73 0.52 | 0.56 | 0.60 | 0.56 0.58 | 0.66 | 0.71 | 0.65 0.18 | 0.19 | 0.19 | 0.19
50*50 0.54 | 0.64 | 0.68 | 0.62 | 0.46 | 0.52 | 0.60 | 0.53 ] 0.51 | 0.53 | 0.54 | 0.52 0.16 | 0.16 | 0.18 | 0.16
60*60 0.61 | 0.67 | 0.77 | 0.68 | 0.49 | 0.54 | 0.60 | 0.54 ] 0.50 | 0.58 | 0.65 | 0.58 | 0.17 | 0.17 | 0.18 | 0.17
Mean 0.58 | 0.66 | 0.72 0.46 | 0.50 | 0.56 0.49 | 0.55 | 0.60 0.16 | 0.16 | 0.17

L.S.D at 0.05 for

A=0.031 B=0.027
AXB=0.054

A=0.031 B=0.027
AXB=0.054

A=0.003 B=0.002
AXB=0.005

A=0.003 B=0.002

AXB=0.005

Fi= 100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer, Fo= 100% organic fertilizer (15m? / feddan of

compost
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Table (9) Impact of planting distance and fertilization treatments

artemisia plant during 2019-2020 and 2020-2021seasons.

and their combination treatments on N% and P% of

Parameters N% P%
cutting 1%t cut 2n cut 1% cut 2nd eyt
Fertilization treatments (B) B B B B

Fl F2 F3 Mean Fl Fz F3 Mean Fl Fz F3 Mean Fl F2 F3 Mean

Plant distance (A)
1t season
30*30 214 | 255|296 | 255 |[ 2.06 | 2.37 | 2.82 | 242 | 0.27 | 0.28 | 033 [ 0.29 | 0.26 | 0.26 | 0.31 | 0.28
40%40 3.56 | 4.04 | 447 | 4.03 [ 350 | 3.98 | 438 | 3.95 ] 0.52 | 0.55 | 0.58 | 0.55 0.50 | 0.54 | 0.56 | 0.53
50*50 299 | 3.01 | 3.08 | 3.03 || 291 279|297 | 289 ]033]035]|039] 036 | 030]033] 037 ] 0.33
60*60 3.08 | 356 | 3.76 | 3.46 [ 295 3.53 | 358 | 3.35 ] 0.41 | 0.45 | 0.50 | 0.45 0.39 | 0.43 | 0.48 | 0.43
Mean 294 | 329 | 3.57 2.86 | 3.17 | 3.44 0.38 | 0.41 | 0.45 0.36 | 0.39 | 043
L.S.D at 0.05 for A=0.342 B=0.296 A=0.370 B=0.320 A=0.002 B=0.0018 A=0.002 B=0.0018
> ) AXB=0.591 AXB=0.640 AXB=0.004 AXB=0.004
2" season

30*30 2.05 | 246 | 2.80 | 2.44 |[ 1.99 | 2.30 | 2.68 | 2.32 | 0.25 | 0.26 | 0.31 | 0.27 | 0.24 | 0.24 | 0.29 | 0.26
40%40 3.52 | 392 | 434 | 3.93 3.40 | 3.85 | 420 | 3.82 ] 0.50 | 0.53 | 0.56 | 0.53 0.48 | 0.52 | 0.54 | 0.51
50*50 295285298293 |[ 289268256271 Jo031]032]037]|033 | 0.28]0.31]0.35] 0.31
60*60 296 | 345 | 3.64 [ 3.35 |[ 2.83 | 3.44 | 3.50 | 3.26 | 0.38 | 0.43 | 0.48 | 0.43 | 0.37 | 0.41 | 0.46 | 0.41
Mean 2.87 | 3.17 | 3.44 2.78 | 3.07 | 3.24 0.36 | 0.39 | 0.43 0.34 | 037 | 0.41
LS D at00st A=0.362 B=0.313 A=0.359 B=0.311 A=0.031 B=0.027 A=0.002 B=0.0018
-1 at§.05 for AXB=0.627 AXB=0.622 AXB=0.054 AXB=0.004

Fi= 100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer, Fo= 100% organic fertilizer (15m? / feddan of compost
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Table (10) Impact of planting distance and fertilization treatments and their combination treatments on K%
and total carbohydrates %of artemisia plant during 2019-2020 and 2020-2021seasons.

Parameters K% Total carbohydrates%
cutting 1%t cut 2" cut 1%t cut 2" cut
ilization treatments (B) B B B B

Fl F2 F3 Mean Fl Fz F3 Mean Fl F2 F3 Mean Fl Fz F3 Mean

Plant distance (A)
1t season
30*30 1.67 | 171 | 174 | 1.71 | 1.64 | 1.69 | 1.73 | 1.69 | 13.68 | 15.46 | 17.02 | 15.39 || 13.33 | 14.30 | 16.70 | 14.78
40%40 1.85 | 191 | 1.97 | 1.91 | 1.81 | 1.89 | 1.94 | 1.88 | 20.24 | 21.11 | 22.71 | 21.36 || 19.43 | 20.50 | 22.10 | 20.68
50*50 170 | 177 | 1.78 | 1.75 | 1.69 | 1.73 | 1.76 | 1.73 | 17.48 | 19.56 | 20.09 | 19.05 | 16.46 | 18.60 | 19.86 | 18.31
60*60 1.81 | 1.85 | 1.91 | 1.86 | 1.78 | 1.83 | 1.89 | 1.83 | 18.69 | 20.27 | 20.80 | 19.92 | 18.32 | 19.42 | 20.33 | 19.36
Mean 1.76 | 1.81 | 1.85 173 | 1.79 | 1.83 17.52 | 19.10 | 20.16 16.88 | 18.21 | 19.75
A=0.031 B=0.027 A=0.031 B=0.027 A=1.246 B=1.079 _ _ _
L.S.D at 0.05 for AXB=0.054 AXB=0.054 AXB=2.159 A=1.055 B=0.913 AXB=1.827
2" season

30*%30 1.58 | 1.65 | 1.69 | 1.64 156 | 1.63 | 1.65 | 1.61 13.48 | 13.89 | 16.50 | 14.62 | 13.22 | 13.53 | 15.52 | 14.09
40%40 1.81 | 1.88 | 1.92 [ 1.87 | 1.78 | 1.85 | 1.91 | 1.85 | 19.97 | 19.79 | 21.28 | 20.35 | 18.54 | 19.54 | 21.03 | 19.70
50*50 1.66 | 1.70 | 1.72 | 1.69 [ 1.63 | 1.64 | 1.67 | 1.65 | 16.55 | 19.00 | 19.31 | 18.29 [ 15.45 | 17.69 | 19.29 | 17.48
60%60 175 | 1.80 | 1.84 | 1.80 [ 1.73 | 1.77 | 1.80 | 1.77 | 18.64 | 19.31 | 20.14 | 19.36 | 17.28 | 18.53 | 18.98 | 18.26
Mean 1.70 | 1.76 | 1.79 167 | 1.72 | 1.76 17.16 | 18.00 | 19.31 16.12 | 17.32 | 18.71
LS at0.081 A=0.031 B=0.027 A=0.044 B=0.038 A=1.172 B=1.015 A=1.031 B=0.893 AXB=1.786
->-1 at §.05 for AXB=0.054 AXB=0.076 AXB=2.031

Fi= 100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer, Fo= 100% organic fertilizer (15m? / feddan of compost
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In both cuts and seasons, the highest values were gained from planting distance( 40*40 cm)
and F3, thenby the combined treatment between planting distances (60*60 cm) and F3 .The
lowest values of parameters mentioned above scored by planting distances (30*30 cm) and

F; in the two cuts and in both seasons.

In this respect, EI-Ghawwas et.al. (2011) on (Artemisia annua) found that the
widest distance (60 x 40cm) increased chemical composition of plant, Nurzynska and
Zawislak (2014) on (Artemisia dracunculus,

Furthermore, Mousa et.al. (2012) on (Nigella sativa), Heikal (2017) on (Artemisia annua)
found that nitrogen nutrition increased total carbohydrate contents up to 60kg (N) and

Elsayed et.al. (2020) on (Anethum graveolens).

4. Impact of planting distances and fertilization treatments and their combination on

essential oil %

According to data presented in Table (11) declare that planting distances (40*40 cm)
score the richest percentage of essential oil of artemisia plant in the two cuts and in both
seasons. On the other side, all the fertilizer treatments progressively increased essential
oil % with a superior of F3 (100% organic fertilizers (15m3 / feddan of compost), followed
by F2 (50% chemical and 50% organic) in both cuts in the first and second seasons.
However, data in Table (11) show that all the combinations between planting distance and
fertilization treatments statistically increased of parameters mentioned above especially,
planting distances (40*40 cm) and F3, then by the combined treatment between planting
distances (60*60 cm) and F3 in the two seasons. The combined treatment between planting
distances (40*40 cm) and F2 ranked the third values in this concern. On the opposite, the
lowest values in this context were scored by planting distances (30*30 cm) and F; in the
two cuts and in both seasons.

The essential oil results of planting distance obtained by Damtew et.al. (2011) on
(Artemisia annua), Solomon and Beemnet (2011) on (Mentha arvensis),
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Table (11) Impact of planting distance and fertilization treatments and their combination treatments on essential
oil %of artemisia plant during 2019-2020 and 2020-2021seasons.

Parameters Essential oil %
cutting 1% cut 2" cut
Fertilization treatments (B) B B
Plant distance (A) Fl Fz F3 Mean Fl F2 F3 Mean
15t season
30*30 0.24 0.26 0.36 0.29 0.46 0.50 0.68 0.55
40*40 0.29 0.36 0.52 0.39 0.58 0.62 0.70 0.63
50*50 0.28 0.35 0.40 0.34 0.51 0.58 0.66 0.58
60*60 0.28 0.37 0.44 0.37 0.54 0.63 0.68 0.62
Mean 0.27 0.34 0.43 0.52 0.58 0.68
L.S.D at 0.05 for A=0.062 B=0.054 AXB=0.107 A=0.062 B=0.054 AXB=0.107
2" season
30*30 0.26 0.27 0.31 0.28 0.45 0.48 0.67 0.53
40%40 0.32 0.38 0.45 0.38 0.58 0.61 0.70 0.63
50*50 0.25 0.34 0.38 0.32 0.50 0.57 0.65 0.57
60*60 0.30 0.36 0.42 0.36 0.56 0.60 0.66 0.60
Mean 0.28 0.34 0.39 0.52 0.56 0.67
L.S.D at 0.05 for A=0.044 B=0.038 AXB=0.076 A=0.062 B=0.054 AXB=0.107

Fi=100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer, Fo= 100% organic fertilizer (15m? / feddan of compost

Selim etal. (2013) on (Foeniculum Vulgare), Lulie and Chala (2016) on
(Cymbopogon citratus), Joshi et.al.(2020) on Matricaria chamomilla, Mirjalili et.al.(2022)
on (Satureja bachtiarica Bunge) .

Additionally the results of fertilization obtained by, Heikal (2017) on artemisia plant,
Mohamed et.al. (2021) on ajwain, Khater et.al.(2022) on (coriandrum sativum) and

Toaima et.al.(2022) on (Ocimum basilicum L).

-21-



5. Impact of planting distances and fertilization treatments and their combination on
Gc-MS analysis of Artemisia plant.
Table (12) and Figures (1: 8) cleared suggested that, Ge-MS analysis for Artemisia annua

L. essential oil identified 23 component i.e. a-thujene, o — Pinene, camphene, delta-3-carene,
sabinene, 1,8 cineole, artemisia ketone, cis-Sabinene hydrate, terpinolene, artemisia
alcohol, trans-Sabinene hydrate, t rans P-ocimene, champhore, borneol, terpinene-4-ol,
myrtenal, myrtenol, trans-carveol, cis-carveol, eugenol, benzyle 2-methyl butyrate, tranc-
caryophyllene, B-farnesene and - Selinene. Hence, the major components were champhore,
cis-Sabinene hydrate, Trans B-ocimene, artemisia ketone, borneol, tranc- Caryophyllene,
myrtenal and B- Selinene. In this concern, the combined treatment between planting
distances (60*60 cm) and F3 100% organic fertilizers (15ms / feddan of compost) gave the
maximum values of champhore as (24.67 %) then by between planting distances (50*50
cm) and F3 100% organic fertilizers or planting distances (30*30 cm) and F»> 50%
chemical fertilizers and 50% organic fertilizers as (17.89%). In general, the combined
treatment planting distances (60*60 cm) and F» 50% chemical fertilizers and 50% organic

fertilizers recorded the maximum values of Trans B-ocimene (20.01%)
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Table (12) Impact of planting distance and fertilization treatments and their combination treatments on essential oil constituents of artemisia pant
during the 2" cut season 2020-2021

Component Component Component Component Component Name Component Compone Component
P P 30*30+F P P P 5050+ P P P

*
Name Name Name 40*40+F, Name P Name 50*50+F; | ntName | G0*6O+F, Name 60 F60+
3 2 3

a-thujene a-thujene a-thujene 0.88 a-thujene a-thujene a-thujene 0.12 a-thujene 0.21 a-thujene

a - Pinene a - Pinene o - Pinene 2.58 o - Pinene o - Pinene o - Pinene 70.5 o - Pinene 0.51 o - Pinene

Camphene Camphene Camphene 3.23 Camphene Camphene Camphene 91.6 Camphene 1.68 Camphene

1,8 cineole Sabinene Delta-3-carene 1.25 Delta-3- 1,8 cineole 1,8 cineole 14.3 1,8 cineole 4.79 1,8 cineole
carene
Not Identify 1,8 cineole . Sabinene 221 Sabinene X Artemisia ketone . Not Identify 0.82 Artemisia 5.12 N.I
ketone
Artemisia Artemisia ketone ) 1,8 cineole 4.43 1,8 cineole X Cis-Sabinene hydrate .. Artemisia 8.86 Cis- 1.78 Artemisia ketone

ketone ketone Sabinene
hydrate
Cis-Sabinene . Cis-Sabinene . Artemisia Artemisia Terpinolene . Cis-Sabinene . Terpinolen . Cis-Sabinene

hydrate hydrate ketone ketone hydrate e hydrate

Terpinolene : Terpinolene X Cis-Sabinene X Cis-Sabinene X Trans-Sabinene . Terpinolene . Trans- X Terpinolene
hydrate hydrate hydrate Sabinene
hydrate
Trans- R Artemisia alcohol K Terpinolene . Terpinolene X T rans B-ocimene 5 Trans-Sabinene X Trans B- X Trans-Sabinene
Sabinene hydrate ocimene hydrate

hydrate
T rans B- . Trans-Sabinene . Artemisia . Artemisia . Champhore Trans B- . Champhore T rans B-ocimene
ocimene hydrate alcohol alcohol ocimene

Champhore T rans B-ocimene A Trans-Sabinene N Trans- . Borneol X Champhore Borneol % Champhore
hydrate Sabinene
hydrate
Borneol Champhore Trans B- % Trans B- .. Myrtenal . Borneol . Myrtenal . Borneol
ocimene ocimene
Myrtenal Borneol Champhore Champhore Myrtenol Myrtenal Myrtenol Myrtenal

Myrtenol Terpinene-4-ol Borneol Borneol Trans-carveol Myrtenol Trans- Myrtenol
carveol
Trans-carveol Myrtenal . Terpinene-4-ol 8 Terpinene-4- . Cis-carveol X Trans-carveol . Cis-carveol . Trans-carveol
ol
Cis-carveol Myrtenol Myrtenal Myrtenal Eugenol Cis-carveol Eugenol Cis-carveol

Eugenol Trans-carveol Myrtenol Myrtenol Benzyle 2-methyl Eugenol Benzyle 2- Eugenol
butyrate methyl
butyrate
Benzyle 2- . Cis-carveol . Trans-carveol X Trans-carveol . Tranc- Caryophyllene . Benzyle 2- X Tranc- . Benzyle 2-methyl
methyl methyl Caryophylle butyrate
butyrate butyrate ne
Tranc- . Eugenol . Cis-carveol . Cis-carveol 3 B- farnesene f Tranc- . B- X Tranc-
Caryophyllene Caryophyllene farnesene Caryophyllene
B- farnesene . Benzyle 2-methyl . Eugenol X Eugenol . B- Selinene . B- farnesene . B- Selinene . B- farnesene
butyrate
B- Selinene . Tranc- Benzyle 2- . Benzyle 2- 5 Ledenoxid X B- Selinene X Ledenoxid B- Selinene

Caryophyllene methyl methyl
butyrate butyrate
Ledenoxid . B- farnesene . Tranc- . Tranc- Ledenoxid . Ledenoxid
Caryophyllene Caryophyllen
e

B- Selinene . B- farnesene B- farnesene

- B- Selinene B- Selinene

Fi=100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer, F2= 100% organic fertilizer (15m? / feddan of compos
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Fig. (1) G.L.C. of artemisia essential oil composition from 30*30+F;
treatment during the 2" cut and 2™ season 2020-2021

Fig. (2) G.L.C. of artemisia essential oil composition from 30%30+F3
treatment during the 2" cut and 2™ season 2020-2021
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Fig. (3) G.L.C. of artemisia essential oil composition from 40*40+F;
treatment during the 2" cut and 2" season 2020-2021

Fig. (4) G.L.C. of artemisia essential oil composition from 40%40+F;
treatment during the 2" cut and 2" season 2020-2021

Fi=100% R.D. of chemical fertilizers, F=50% R.D. of chemical fertilizer and 50% organic fertilizer, F-= 100% organic fertilizer (15m? / feddan of compost

24




750 1

0+

T T ! T

] 1 4 § ¥ 1El lE

Fig. (5) G.L.C. of artemisia essential oil composition from 50*50+F;
treatment during the 2" cut and 2" season 2020-2021
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Fig. (6) G.L.C. of artemisia essential oil composition from
50%50+Fstreatment during the 2" cut and 2" season 2020-2021
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Fig. (7) G.L.C. of artemisia essential oil composition from 60%60+F> ? 5 3 . 8 o u "

treatment during the 2" cut and 2" season 2020-2021

Fig. (8) G.L.C. of artemisia essential oil composition from
60*60+Fstreatment during the 2" cut and 2" season 2020-2021

Fi=100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer, F.= 100% organic fertilizer (15m? / feddan of compost




The combined treatment between planting distances (30*30 ¢cm) and F3 recorded the
highest values of borneol (28.76%). The maximum values of myrtenal % (22.11%) of
Artemisia annua L. were gained by the combined treatment planting distances (40*40 cm)
and F3. The major components were 1,8 cineole p -pinene and a pinene, camphor, borneol [3-

caryophyllene.

6. Impact of planting distances and fertilization treatments and their combination on
Artemisinin %.

Data in Table (13) and Figs. (from 9,10,11,12,13,14 and 15) declared that the mean
values of artemisinin % increased with combination treatments between planting distances
and fertilization treatments of artemisinin of . dry leaves. However, the highest value of
artemisinin percentage (1.4 %) was scored by (60*60 ) planting distance with F» 50%
chemical fertilization +50% organic fertilization. Moerover, the combined treatment
between (40*40 ) with F3 100% organic fertilization as it gave (1.36%) ranked the second
values. Additionally, The third value was recorded by combined treatment between (50*50 )
with F3 (1.20%), against to lowest values of artemisinin % (0.82%) by combined treatment

between (30*30 ) with F.
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Table (13) Effect of the combined treatment between planting distances and fertilizations treatments on artemisinin
percentage of Artemisia Annua L. plant during the second season 2018-2019

No Treatments Artemisinin percentage (%)
1 | 30%30) +F2 0.82
2 | (30%30) +F3 0.88
3 | (40%40) +F2 0.98
4 | (40%40) +F3 1.36
5 |(50%50) +F2 0.95
6 | (50%50)+F3 1.20
7 | (60%60 ) +F2 1.4

Fi=100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer, Fo= 100% organic fertilizer (15m? / feddan of compost
In this respect, EI-Ghawwas et.al. (2011) on (Artemisia annua) found that, the widest
distance (60 x 40cm)increased the highest artemisinin content in the leaves, Prabhakar
et.al. (2011) on (Artemisia annua) and Choudhari and Choudhary (2013) on (Artemisia
annua) found that, 45x60 cm distance gave a higher artemisinin yield.

Moreover, Yeboah et.al. (2012) on (Artemisia annua) found that, 4 t/ha poultry
manure gave the highest artemisinin yield, Heikal (2017) on(Artemisia annua), Mohamed

et.al. (2021) on Trachyspermum ammi L.

Conclusively, it is preferable to apply the planting distance( 40*40 cm) and
F3 100% organic fertilizers .for enhancing Consequently, it is preferable applying
the planting distance( 40*40 cm) and F3 for enhancing all studied traits of

artemisia plant.

27



Fi= 100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer, F,= 100% organic fertilizer (15m?* / feddan of compos

VWO 1 A Wavelengih=260 nm

200

4.750

Artemisinin

i -

10

VWO 1 A Wavelength=260 nm

mAU
250
200
g
-
Artemisinin
150 l
-
z
@
W

HP Lasedlet 400 M401 PCL 6 on USBOM
A4 210 x 297 mm/Portist

HP Lased)et 400 M407 PCL 6 on USBO0
Ad 210 % 237 mm/Portrat

2" cuts and the 2" season 2020-2021 .

Fig. (9) Effect of 30*30+F; treatment on artemisinin percentage of Artemisia Annua L. plant during

Fig. (10) Effect of 30%30+F; treatment on artemisinin percentage of Artemisia Annua L. plant
during 2" cuts and the 2" season 2020-2021 .

VWD A Wavelength=250 nm

200

100 <

4526

hn =

HP Laszeset 400 M401 PCL & on USBOOT
A4 210 x 237 mm/Portrat

Fig. (11) Effect of 40*40+F; treatment on artemisinin percentage of Artemisia Annua L. plant during

2" cuts and the 2" season 2020-2021

VWO 1 A, Wavelength=260 nm
mAL
250 -
2
@
200 =
Artemisinin
150
100
5
0
T T T T T
2 4 L3 k-] 10 _emiry

HP Lagedet 400 M401 PCL 6 on USBO0
Ad 210 x 237 mmPortiai

Fig. (12) Effect of 40%40+F; treatment on artemisinin percentage of Artemisia Annua L. plant
during 2" cuts and the 2" season 2020-2021 .

28




VWO 1 & Tiavelengine, nm VW1 A, Wavelengin=260 nm

mAL mAY
250 < 250
z
200 4 = 2004 =
Artemisinin S Artemisinin
150 4 1509 1
w
100 100 4
2
o~
&
&0 504
: ,J_
2
2
0 —_— e
T T T T T T T T T T T
['] 2 4 -3 g 10 erird 2 4 ] £ 10 iy
HP Laseclet 400 M401 PCL 6 on USBOM HP Laseslet 400 M40 PCL 6 on USBOM
A4 210 % 297 men/Portrall A4 210 % 297 mm/Portiat

Fig. (14) Effect of 50*50+F; treatment on artemisinin percentage of Artemisia Annua L. plant

. " - . .
Fig. (13) Effect of 50%50+F; treatment on artemisinin percentage of Artemisia Annua L. during 2™ cuts and the 2™ season 2020-2021 .

plant during 2" cuts and the 2" season 2020-2021

VDT A Wavelen gth=260 nm
mAL

250 -

500

= Artemisinin

!

200

5.448

886

o

o

HP Laseslet 400 M401 PCL 6 on USBO0N
A4 210 x 297 mm/Portrait

Fig. (15) Effect of 60*60+F; treatment on artemisinin percentage of Artemisia Annua L. plant during 2" cuts and the 2" season 2020-2021

)
'
b =
b =
=]
i

Fi1=100% R.D. of chemical fertilizers, F2=50% R.D. of chemical fertilizer and 50% organic fertilizer, F= 100% organic fertilizer (15m?3 / feddan of compost

29




REFERENCES

Abd El-Khalek, S.N.; Mansour, H.A.; El-Hanafy, S. H. and El-Ghawwas, E.O. (2011). Effect of
organic fertilization and plant distance on the growth, oil production and chemical composition
of Artemisia annua L. plants, Bull. Fac. Agric., Cairo Univ;V 62: pp.362- 377 .
Abou El-Ghait, E.M.; Gomaa, A.O.; Youssef, A.S.; Atiea, E.M. and Abd-Allah, W.H. (2012). Effect of
sowing dates, bio, organic and chemical fertilization treatments on growth and production of Indian
fennel under north Sinai conditions. Bull. Fac., Cairo Univ;V.63: pp. 52—-68.

Ahmadi, M. and Souri, M.K. (2019). Nutrient uptake, proline content and antioxidant enzymes activity of
pepper (Capsicum annuum L.) under higher electrical conductivity of nutrient solution created by
nitrate or chloride salts of potassium andcalcium. Acta Scient. Polonorum- Hortorm cultu; V. 18 (5):
pp.113-122.

Badalingappanavar, R.; Hanumanthappa, M.; Veeranna, H.K.; Kolakar, S. and Khidrapure, G.
(2018). National conference on “Conservation, cultivation and utilization of medicinal and
aromatic plants" (College of Horticulture, Mudigere Karnataka,), organic fertilizer management in
cultivation of medicinal and aromatic crops: a review. J. Pharma. Phytochem. SP3, pp.126—-129.

Balint, G.A. (2001). Artemisinin and its derivatives. An important new class of antimalarial agents.
Pharmacology and Therapeutics; V. 90: pp.261-265.

Bilia, A. R. ; Melillo de Malgalhaes, P.; Bergonzi, M. C. and Vincieri, F. F. (2006). Simultaneous
analysis of artemisinin and flavonoids of several extracts ofArtemisia annua L. obtained from a
commercial sample and a selected cultivar. Phytomedicine;V. 13(7): pp. 487-493.

Blanke, C.H. ; Naisabha, G.B.; Balema, M.B.; Mbaruku, G.M.; Heide, L.. and Muller, M.S. (2008).
Herba Artemisiae annuae tea preparation compared to sulfadoxine-pyrimethamine in the
treatment of uncomplicated falciparum malaria in adults: a randomized double-blind clinical
trial. Trop Doct;V. 38: pp.113—116.

British Pharmacopeia (1963). Determination of Volatile Oil in Drugs. The Pharmaceutical Press, Lond.,
W.C.L,; 213 p.

Cai, Y. ; Luo, Q.; Sun, M. and Corke, H. ( 2004). Antioxidant activity and phenolic compounds of
112 traditional Chinese medicinal plants associated with anticancer. Life Sciences;V.74: pp.
2157 -2184.
Charles D.J. ; Cebert, E. and Simon, J.E. (1991). Characterization of the essential oils of Artemisia
annua L., J. Ess. Oil Res; V. 3: pp.33-39.
Choudhari, R. and Choudhary, R. (2013). Growth and Yield of (4Artemisia annua) as Affected by
Different Plant Geometry, Advance Research Journal of Crop Improvement; V.4:pp.31-33.

30



Damtew, Z.; Tesfaye, B. and Bisrat, D. (2011). Leaf, Essential Oil and Artemisinin Yield of Artemisia
(Artemisia annua L.) As Influenced by Harvesting Age and Plant Population Density. World Journal
of Agricultural Sciences; V. 7(4): pp. 404-412.

Degu, B. and Amano, S. (2020). Effect of Harvesting Age and Plant Spacing on Growth, Yield and
Yield Component of Lavender (Lavandula angustifolia L.) under Rainfed Condition at Hawassa,
Southern  Ethiopia. International Journal of Research Studies in  Agricultural
Sciences.;V.6(6):pp.17-24.

Efferth T. (2007). Ant plasmodial and antitumor activity of artemisinin from bench to bedside. Planta
Medica;V. 73: pp.299-309.

El Laban, H. M.; Fetouh, M. L.; Rania, M. R. K. and Elguoshy, S. M. (2020). Effect of Plant Density
on Vegetative Growth, Fruits Yield, Essential Oil and Chemical Constituents of Dutch Fennelunder
Sinai Conditions. ES Journal of Agriculture and Current Research.;V.1(1):pp.2-9.

El-Ghawwas, E. O.; El-Hanafy, S. H.; Mansour, H. A. and Abd El-Khalek, S. N. (2011). Effect of
Organic Fertilization and Plant Spacing on the Growth, Oil Production and Artemisinin Content of
Sweet Annie (Artemisia annua L). The Bulletin of Faculty of Agriculture Cairo University; V.62(3):
pp. 262-377.

Elsayed, SH. I. M.; Glala, A. A.; Abdalla, A. and El-sayed, A. (2020). Effect of biofertilizer and
organic fertilization on growth, nutrient contents and fresh yield of dill (Anethum graveolens).
Bulletin of the National Research Centre; V.44(1)

Fageria, N.K. and Baligar, V.C. (2005). Enhancing nitrogen use efficiency in crop plants.Advan. Agron;
V.88: pp. 97-185.

Ferreira J.F.S. ; J.C. Laughlin; N. Delabays and P.M. De Magalhies (2005). Cultivation and genetics
of Artemisia annua L. for increased production of the antimalarial artemisinin. Plant Genetic
Resources:Characterisation and Utilisation 3:206-229.

Ferreira J.F.S.and Janick,J. (1994) Production and detection of artemisinin from Artemisia
annua. Internat.Symposium on Medicinal and Aromatic Plants;V390: pp.41-50

Ghatas, Y.A.A. (2020). Impacts of using some fertilization treatments in presence of salicylic acid foliar spray
on growth and productivity of Coriandrum sativum L. pant, J. of Plant Production, Mansoura Univ;
V. 11(2): pp.119-125.

Guenther, E. (1961). The Essential Oils. Dvan Nostrand Co., New York; V. 1: p p. 236.

Gupta S.K. ; Singh, P.; Bajpai, P.; Ram, G.; Singh, D.; Gupta, M.M.; Jain, D.C.; Khanuja, S.P.
and Kumar, S. (2002). Morphogenetic variation for artemisinin and volatile oil in Artemisia
annua. Ind. Crop. Prod; V.16: pp.217-224 .

Hall, H.M. and Clements, F.E. (1923).The phylogenetic method in taxonomy. The North American
species of Artemisia, Chrysothamnus and Atriplex. Carnegie Institution of Washington Publ.,
Washington, DC, USA.

31



Heikal, A. A. M. (2017). Improvement of Anti-malarial Artemisinin and Essential Oil Production in
Response to Optimization of Irrigation and Nitrogen Supply to (Artemisia annua L.) Plant. Research
Journal of Medicinal Plants;V.11:pp.68-76.

Herbert, D.; Phipps, P.J. and Strange, R.E. (1971). Determination of total carbohydrates, Methods in
Microbiology, V.5 (8): pp.290-344.

Horneck, D.A. and Hanson, D. (1998). Determination of potassium and sodium by flame Emission
spectrophotometry. In hand book of reference methods for plant analysis, ( e.d)Kolra,

Horneck, D.A. and Miller, R.O. (1998). Determination of total nitrogen in plant tissue. In hand book of
reference methods for plant analysis,( e.d) Kolra,Y.P73.

Horwitz,W.; Latimer,G.W. (1990). Official Methods of Analysis (15" Ed.). Association of Official
Analytical Chemists, Washington, DC, USA;V.222.

Hucker, T. and Catroux, G. (1980). Phosphorus in sewage ridge and animal’s wastes slurries.
Proceeding of the EEC Seminar, Haren (Gr): Gromingen Netherlands 12, 13 June.

Jackson, ML.L. (1973). Soil Chemical Analysis. Prentice-Hall of Indian Private, New Delhi.

Joshi, Sh.; Melkani, S.; Sajwan, M. Y. and Ardeep (2020). Effect of Organic Mulching and Distance
on Soil Properties and Yield of Chamomile (Matricaria chamomilla L.) cv. CIM Sammohak.
International Journal of Chemical Studies.;V.8(5):pp.1109-1115.

Khater, R. M. R.; Sabry, R. M.; Pistelli, L.; Abd-Elgawad, A. M.; Soufan, W. and El-gendy, A. N.
G. (2022). Effect of Compost and Titanium Dioxide Application on the Vegetative Yield and
Essential Oil Composition of Coriander. Sustainability.;V.14(1):PP.322.

Klayman D.L. (1985). Quinghaosu (artemisinin): an antimalarial drug from China. Science;V. 228:
pp-1049-1055.

Klayman D.L. ; Lin, A.J.; Acton, N.; Scovill, J.P.; Hock, J.M.; Milhous, W.K. and Theoharides,
A.D. (1984). Isolation of artemisinin (qinghaosu) from Artemisia annua growing in the United
States. J. Nat. Prod;V. 47: pp.715- 717.

Lulie, B. and Chala, M. (2016). Influence of Plant Population Density on Growth and Yield of Lemon
Grass (Cymbopogon citratus L.) at Wondo Genet, South Ethiopia. Academic Research Journal of
Agricultural Science and Research;V.4(3): pp.76-84.

Mengistu, F. G.; Wegayehu, G.; Fikre, D.; Ali, A.; Tsagaye, D. and Fufa, N. (2021). The influence of
seed rate and inter-row distance on seed yield and yield attributes of black cumin in Arsi Highlands,
Ethiopia. Journal of Biology, Agriculture and Healthcare.; V.11(1): pp.33-39.

Mirjalili, A.; Lebaschi, M. H.; Ardakani, M. R.; Sharifabad, H. H. and Mirza, M. (2022). Plant
Density and Manure Application Affected Yield and Essential Oil Composition of Bakhtiari Savory
(Satureja bachtiarica Bunge.), Industrial crops and products; V.177: pp.114516.

Mohamed, Y.F.Y.; Mohamed I.M.; Elsadek,M.; Ali, Maha M. and Ghatas, Y.A.(2021). Improving
growth, productivity, and chemical composition of Trachyspermum ammi L. by using organic and
chemical fertilization in the presence of boron. Industrial Crops & Products;V. 169: pp. 113637.

32



Mousa, G. T.; Gad, M. M. and Ahmed, G. A. (2012). Comparative Study on Black Cumin (Nigella

sativa L.) Plants, Grown Under Different Plant Distance and Fertilization treatments. Assiut J. Agric.
Sci.; V.43(6): pp.56-70.

Mueller, M.S. ; Runyambo, N.; Wagner, I.; Borrmann, S.; Dietz, K. and Heide, L. (2004).
Randomized controlled trial of a traditional preparation of Artemisia annua L. (Annual

Wormwood) in the treatment of malaria. Transactions of the Royal Society of Tropical Medicine
and Hygiene;V. 98: pp.318-321.

Naiji, M., and Souri, M.K. (2018).Nutritional value and mineral concentrations of sweet basil under organic
compared to chemical fertilization. J. Hortorum Cult;V. 17 (2): pp.167-175.

Nurzynska-Wierdak, R. and Zawislak, G. (2014). Herb Yield and Bioactive Compounds of Tarragon

(Artemisia dracunculus L.) as Influenced by Plant Density. Acta Sci. Pol., Hortorum Cultus; V. 13(2):
pp. 207-221.

Omer, E. A.; Abou Hussein, E. A.; Hendawy, S. F.;Azza, A.; El-Gendy, A. G.and Ezz El-din. (2014).

Effect of nitrogen and potassium fertilizers on growth, yield, essential oil and artemisinin of (Artemisia
Annua L) Plant. International Research Journal of Horticulture.; V.2(2): pp.11-20.

Peng, C.A.; Ferreira, J. F. and Wood, A.J. (2006). Direct analysis of artemisinin from Artemisia annua
L. using high-performance liquid chromatography with evaporative light scattering detector, and

gas chromatography with flame ionization detector. Journal of Chromatography A;V.1133(1-2):
pp-254-258.

Prabhakar, J.; Mauji, R.; Khan, M. A.; Usha, K.; Mahmooduzzafar and Abdin, M. Z. (2011).

Impact of Organic Manure and Chemical Fertilizers on Artemisinin Content and Yield in (4rtemisia
annua L). Industrial Crops and Products; V.33: pp.296-301.

Scotti, R., Bonanomi, G., Scelza, R., Zoina, A., Rao, M.A.( 2015). Organic amendments as sustainable tool
to recovery fertility in intensive agricultural systems. J. Soil Sci. Plant Nutra; V.15 (2): pp.333-352.

Selim, S. M.; Ebtsam, M. M.; Abdella and Tawfik.(2013). Effect Of Sowing Date, Sow Distance And

Bio-Ertilizer On Yield and Oil Quality Of Fennel Plant(Foeniculum Vulgare, Mill.). Australian
Journal of Basic and Applied Sciences; V.7(2): pp.882-894.

Sen, R. ; Bandyopadhyay, S. ; Dutta, A.; Mandal, G.; Ganguly, S.; Saha, P. and Chatterjee, M
(2007). Artemisinin triggers induction of cell-cycle arrest and apoptosis in Leishmania donovani
promastigotes. J] Med Microbiol ;V.56: pp.1213—1218.

Shahram, S. and Ordookhani, K. (2011). Organic and bio fertilizers as a good substitute for inorganic

fertilizers in medicinal plants farming. Aust. J. Basic Appl. Sci;V. 5 (12): pp. 1330-1333.

Shakouri, M. J.; Abadi, A. F.; Nooralvandi, T. and Keshavarzi, M. H. B. (2014). Study the effect of

biological and chemical fertilizers on (Artemisia annua L). Root Characteristics. International Journal of
Biosciences.; V.4(12): pp.295-300.

33



Simon J.E. ; Charles, D.; Cebert, E.; Grant, L.; Janick, J. and Whipkey, A. (1990). Artemisia annua
L.: A promising aromatic and medicinal. In: J. Janick and J.E. Simon (eds.) Advances in New
Crops. Timber Press, Portland, OR, USA.

Snedecor, G.W. and Cochran, W.G. (1989). Statistical methods. 6 th Ed. The lowa state Univ. Press,
Ames., Iowa. U.S.A.
Solomon, A. M. and Beemnet, M. K. (2011). Row distance and harvesting age affect agronomic
characteristics and essential oil yield of japanese mint (Mentha arvensis L.). medicinal and aromatic
plant science and biotechnology; V. 5(1): pp. 74-76.

Tadesse, N.(2019) Influence of Plant Population Density on Growth and Yield of Lavender (Lavandula
Anguistifolia L.) at Menagesha West Ethiopia. International Journal of Research Studies in
Agricultural Sciences.; V.5(11): pp.1-7.

Tadesse, N.(2019) Influence of Plant Population Density on Growth and Yield of Rosemary
(Rosmarinus officinalis L.) at Wondo Genet South Ethiopia. African Journal of Agricultural
Research.;V.14(33): pp.1713-1719.

Toaima, W.; Badawy, M. and Hamed, E. S. (2022) Effect of Organic Fertilization on Productivity of
Some Newly Introduced Basil Varieties under Siwa Oasis Conditions. Journal of Applied Biology &
Biotechnology; V.10(2): p.p. 74-8.

Wen, Z.H.; Shen, J.B.; Martin, B.; Li, H.G.; Zhao, B.Q. and Yuan H.M. (2016). Combined applications
of nitrogen and phosphorus fertilizers with manure increase maize yield and nutrient uptake via
stimulating root growth in a long-term experiment.Pedosphere;V. 26 (1): pp. 62—73.

Woerdenbag, H.J. ; Pras, N.; Chan, N.G.; Bang, B.T.; Bos, R.; Van Uden, W .; Van, Y. P.; Boi,
N.V.; Batterman, S. and Lugt, C.B. (1994). Artemisinin, related sesquiterpenes, and essential
oil in Artemisia annua during a vegetation period in Vietnam. Planta M ed;V. 60: pp.272-275.

Yang, D.M. and Liew, F.Y. (1993). Effects of ginghaosu (artemisinin) and its derivatives on
experimental cutaneous leishmaniasis. Parasitology;V. 106: pp.7—11.

Yeboah, S.; Akromah, R. and Quansah, C. (2012). Organic and Inorganic Fertilizers Application on
the Growth and Yield of (4Artemisia annua L). in the humid tropics of Ghana, African Journal of
Agricultural Research; V.7(2): pp. 177-182.

Zargar Shooshtari, F.; Souri, M.K.; Hasandokht, M.R., Kalate Jari, S. (2020). Glycinemitigates
fertilizer requirements of agricultural crops: case study with cucumber as a high fertilizer demanding
crop. Chem. Biol. Technol. Agri;V. 7 (1): pp. 1-10.

Zheljazkov, V. and Warman, P. (2004). Source-separated municipal solid waste compost application to
Swiss chard and basil. J. Environ. Qual;V.33: pp. 542-552.

34



Bala (5 gina g Ay yhanl) Ciga il g galll o (g guaall g AlranS) drandil) clalaa 3529 A Ae )31 Clilsa il

Artemisia annua L.. 15 b s ¥ clull duluasl) il g<all g s Jaasi Y

(Asteraceae) A8 el Alal) afs (5 e Jsn Gl 0 Artemisia annua L. ) # b s )Y)
58 aie &y ke gy e aliall g Bl sY) (g siad, Adline () jaY #MaS ¢ Jall 4l ) s B x e
O eadiDY) Bale (& CmiiSeannS B3l aals 4eal) Hgiun b aadid 5 il pésesquiterpenes
e 1) s (sl ol Aol 0 e 5 g ) 130 el 5. Ll roAeS s ) Lo
dc) sl clilee 5806 4w ,a 2021/2020 5 2020/2019 cpllia) Gaewsall JNA jeas lghy Aaala
5 2 el | L e ) s, a5 a5 At i a5 il sl e gl C3Ueban
R G il el e iy sl Ll 5 oyt sl o o ) (pansse iy (yidadl (e S
Glle G deldll S ¢ ey cila ), 7100 g des F3 (5 (0 40 * 40) 4e) ) Qlilue dldas
5 Fr 5 (e 40 * 40) eyl Aiss &nlis Asoal) e 0 e 5 e 5 a5 B30
Wdae 33y 0o Gy A soball cu3ll dual ad el cila ¢ ple IS5 Gnansall DS 5 (iidal)
Artemisia annua L. & bl Cu 3l Gl sSe 10a% 23 Fy 5 (aw 40 * 40) e ddlis G Jelal)
champhore, cis-Sabinene hydrate, T rans B- 2 dauai jll Gl Sall CulS ¢ & ey UsSa 23 (e dniiall
ocimene, artemisia ketone, borneol, tranc- Caryophyllene, myrtenal and - Selinene

¢ s By, g (60 * 60) Aand s (71.4) O e ) ke il A Sl Uit 5 ¢ lls e 350
S Sl 5 i i Y (5 sima 5 3kl gy 5 saill 30323 Fy 5 (ame 40 * 40) Ao )5l ddlse Gukai Juady
Artemisia annua L.<3Wd i<

Sacdll) - gall) - Alrassl) g giaall i ) (g giana ~Cppmaadi V) (5 giaa -] gd) Ly e ) Adlal) clalsl)

35



	Influence of planting distances in presence of  ch
	ABSTRACT
	Artemisia annua L. (Asteraceae) is an essential an
	     Keywords. Artemisia annua, artemisinin conten
	No
	Component Name
	30*30+F2
	Component Name
	30*30+F3
	Component Name
	40*40+F2
	Component Name
	40*40+F3
	Component Name
	50*50+F2
	Component Name
	50*50+F3
	Component Name
	60*60+F2
	Component Name
	60*60+F3
	1
	0.12
	α-thujene
	0.55
	α-thujene
	0.88
	α-thujene
	0.23
	α-thujene
	0.12
	α-thujene
	0.12
	α-thujene
	0.21
	α-thujene
	0.33
	2
	0.72
	α - Pinene
	2.34
	α - Pinene
	2.58
	α - Pinene
	0.32
	α - Pinene
	0.80
	α - Pinene
	0.57
	α - Pinene
	0.51
	α - Pinene
	1.73
	3
	2.04
	Camphene
	4.22
	Camphene
	3.23
	Camphene
	2.77
	Camphene
	1.88
	Camphene
	1.69
	Camphene
	1.68
	Camphene
	0.65
	4
	4.79
	Sabinene
	2.22
	Delta-3-carene
	1.25
	Delta-3-carene
	0.23
	1,8 cineole
	5.11
	1,8 cineole
	4.31
	1,8 cineole
	4.79
	1,8 cineole
	6.23
	5
	0.82
	1,8 cineole
	3.65
	Sabinene
	2.21
	Sabinene
	4.01
	Artemisia ketone
	8.88
	Not Identify
	0.82
	Artemisia ketone
	5.12
	N.I
	3.13
	6
	8.86
	Artemisia ketone
	8.23
	1,8 cineole
	4.43
	1,8 cineole
	5.66
	Cis-Sabinene hydrate
	3.11
	Artemisia ketone
	8.86
	Cis-Sabinene hydrate
	1.78
	Artemisia ketone
	1.02
	7
	3.04
	Cis-Sabinene hydrate
	1.90
	Artemisia ketone
	17.01
	Artemisia ketone
	14.54
	Terpinolene
	0.88
	Cis-Sabinene hydrate
	3.04
	Terpinolene
	0.85
	Cis-Sabinene hydrate
	1.26
	8
	0.85
	Terpinolene
	1.03
	Cis-Sabinene hydrate
	2.43
	Cis-Sabinene hydrate
	5.46
	Trans-Sabinene hydrate
	1.33
	Terpinolene
	0.85
	Trans-Sabinene hydrate
	1.41
	Terpinolene
	-
	9
	1.41
	Artemisia alcohol
	1.03
	Terpinolene
	1.65
	Terpinolene
	0.48
	T rans β-ocimene
	3.20
	Trans-Sabinene hydrate
	1.41
	T rans β-ocimene
	3.52
	Trans-Sabinene hydrate
	1.41
	10
	3.29
	Trans-Sabinene hydrate
	1.25
	Artemisia alcohol
	2.53
	Artemisia alcohol
	0.18
	Champhore
	19.05
	T rans β-ocimene
	3.29
	Champhore
	20.01
	T rans β-ocimene
	5.27
	11
	17.89
	T rans β-ocimene
	0.67
	Trans-Sabinene hydrate
	1.78
	Trans-Sabinene hydrate
	0.56
	Borneol
	3.65
	Champhore
	17.89
	Borneol
	4.35
	Champhore
	24.67
	12
	3.95
	Champhore
	28.76
	T rans β-ocimene
	4.21
	T rans β-ocimene
	6.32
	Myrtenal
	2.35
	Borneol
	3.95
	Myrtenal
	1.54
	Borneol
	5.54
	13
	2.49
	Borneol
	0.22
	Champhore
	18.57
	Champhore
	22.11
	Myrtenol
	0.81
	Myrtenal
	2.49
	Myrtenol
	0.46
	Myrtenal
	2.31
	14
	1.05
	Terpinene-4-ol
	6.81
	Borneol
	0.45
	Borneol
	0.35
	Trans-carveol
	0.68
	Myrtenol
	1.05
	Trans-carveol
	0.76
	Myrtenol
	1.49
	15
	0.73
	Myrtenal
	2.11
	Terpinene-4-ol
	2.99
	Terpinene-4-ol
	1.24
	Cis-carveol
	4.08
	Trans-carveol
	0.73
	Cis-carveol
	1.52
	Trans-carveol
	0.49
	16
	3.27
	Myrtenol
	1.01
	Myrtenal
	1.44
	Myrtenal
	2.22
	Eugenol
	4.88
	Cis-carveol
	3.27
	Eugenol
	1.00
	Cis-carveol
	2.63
	17
	2.87
	Trans-carveol
	4.24
	Myrtenol
	0.65
	Myrtenol
	0.32
	Benzyle 2-methyl butyrate
	1.59
	Eugenol
	2.87
	Benzyle 2-methyl butyrate
	0.76
	Eugenol
	2.12
	18
	2.02
	Cis-carveol
	1.65
	Trans-carveol
	1.88
	Trans-carveol
	0.33
	Tranc- Caryophyllene
	7.55
	Benzyle 2-methyl butyrate
	2.02
	Tranc- Caryophyllene
	3.02
	Benzyle 2-methyl butyrate
	0.76
	19
	7.86
	Eugenol
	4.21
	Cis-carveol
	1.05
	Cis-carveol
	3.22
	β- farnesene
	7.90
	Tranc- Caryophyllene
	7.86
	β- farnesene
	5.47
	Tranc- Caryophyllene
	4.12
	20
	9.22
	Benzyle 2-methyl butyrate
	5.51
	Eugenol
	6.43
	Eugenol
	5.32
	β- Selinene
	0.89
	β- farnesene
	9.22
	β- Selinene
	0.83
	β- farnesene
	4.23
	21
	1.01
	Tranc- Caryophyllene
	11.33
	Benzyle 2-methyl butyrate
	7.56
	Benzyle 2-methyl butyrate
	4.15
	Ledenoxid
	0.66
	β- Selinene
	1.01
	Ledenoxid
	-
	β- Selinene
	0.83
	22
	0.83
	β- farnesene
	5.56
	Tranc- Caryophyllene
	9.91
	Tranc- Caryophyllene
	11.91
	-
	-
	Ledenoxid
	0.83
	-
	-
	Ledenoxid
	-
	23
	-
	β- Selinene
	1.23
	β- farnesene
	3.05
	β- farnesene
	5.56
	-
	-
	-
	-
	-
	-
	-
	-
	24
	-
	-
	β- Selinene
	1.23
	β- Selinene
	2.20
	-
	-
	-
	-
	-
	-
	-
	-
	Total
	-
	79.13
	-
	99.73
	-
	99.4
	-
	99.69
	-
	81.6
	-
	78.15
	-
	59.59
	-
	70.22
	Conclusively, it is preferable to apply the planti

	Fig. (9) Effect of 30*30+F2 treatment on artemisin
	El Laban, H. M.; Fetouh, M. I.; Rania, M. R. K. an

