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1- Linalool

2- Methyl chavicol
3- Methyl eugenol

4- Eugenol

5- Geraniol

6- Z-Citral

7- Geranial

8- (E)-Caryophyllene
9- Trans-a-Bergamotene
10- a-Humulene

11- Eucalyptol
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Table 1- Geographical and climatic characteristics of the region
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Table 2- Physical and chemical analysis of soil before the experiment
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Table 3- ANOVA for the characteristics of basil cultivars affected by different levels of nitrogen in different harvest times

e Ebe WP e il ale Sy s S 00y I S 0y il a3, Slas
Sources of st Chloroohvll index  Leaf/Stem ratio Leaf dry Total dry  Percentage of Essential oil
variation df phy weight weight essential oil yield

;bfu _ 2 43.86 0.02 4372.81 61975.13 0.008 13.99
Replication
_”5) 3 394.7 1.6™ 100263.97""  865900.19™ 2.63" 2701.25™
Cultivar (A)
. >_,§ 2 195.6™ 0.3" 1993129.8™ 5107691.31" 0.35 246.26™
Fertilizer (B)
Ai >X< ES) 6 3.02" 0.006™ 17972.91™  83695.26™ 0.007 " 7.36™
Y Ghalegl ol 27 8.8 0.0008 15800.19 20256.08 0.006 8.24
Error 1
by 2 54.1" 0.26™ 3728940.4™ 154361815~  0.37" 3046.94"
Harvest (C)
w:i xcps) 6 0.9 0.005" 8325.49™  58284.72" 0.05" 207.93"
CM:;-’)% XC 355 4 1.3m 0.02™ 164325.9™  187653.87* 0.003 8.72"
X
ENGICUCIIET! 1.04m 0.005" 2546.9™ 35986.78" 0.004" 7.82m
AxBxC
Vol el 4 47 0.01 27223 17939.5 0.05 21.95
Error 2

Voklsleladl g 36 0.003 5140. 8 5865.42 0.01 8.26
Error 3

Sy oy ) 43 37 6.07 3.37 10.78 11.97
C.V. (%)

i3 g0 QU 1) (6o gme e g Ao > iy g o pd Sy Jlato] s )3 (4o re i 4™ 5 7
,"and ™ show significant difference at 1%, 5% of probability levels, and non-significant, respectively.
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Figure 1- Leaf chlorophyll index in different cultivars of basil
Error bars is drawn based on standard deviation (SD).
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Figure 2- Leaf chlorophyll index of basil under different levels of nitrogen fertilizer
Error bars is drawn based on standard deviation (SD).
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Figure 3- Leaf chlorophyll index of basil under different harvest times
Error bars is drawn based on standard deviation (SD).
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Figure 4- Changes in leaf/stem ratio of basil cultivars in response to various levels of nitrogen fertilizer in different harvest
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Error bars is drawn based on standard deviation (SD)
N1: (control), N2: 100 kg ha* urea, N3: 200 kg ha* urea; H1, H2 and H3: first harvest, second harvest and third harvest, respectively
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Figure 5- Leaf dry weight in different cultivars of basil
Error bars is drawn based on standard deviation (SD).
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Error bars is drawn based on standard deviation (SD).
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Figure 7- Changes in total dry weight of basil cultivars in response to various levels of nitrogen fertilizer in different harvest
times
Error bars is drawn based on standard deviation (SD).
N1: (control), N2: 100 kg ha' urea, Na: 200 kg ha't urea; Hi, Hz2 and Ha: first harvest, second harvest and third harvest, respectively
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Error bars is drawn based on standard deviation (SD).
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Error bars is drawn based on standard deviation (SD).
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Figure 10- Percentage of essential oil response of basil to different levels of nitrogen fertilizer
Error bars is drawn based on standard deviation (SD).
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Table 4- Essential oil components (%) in sweet basil cultivars under different levels of nitrogen fertilizer

oS 5 Mobarakeh Cinnamon Italian Large Leaf Sweet Thai
Compound N1 N2 N3 N1 N2 N3 N1 N2 N3 N1 N2 N3
a-Pinene 020 021 021 028 0.25 0.32 0.26 030 0.31 0.16 020 0.22
Camphene 0.69 0.60 0.63 tr tr tr 0.11 tr tr tr tr tr
B -Pinene 036 0.37 0.30 045 050 0.40 0.67 0.60 0.61 0.29 0.33 0.30
Myrcene 015 0.15 0.0 029 0.26 0.30 0.49 053 0.50 0.40 045 0.32
Limonene 012 013 0.14 0.10 0.10 0.12 030 035 0.30 021 020 0.18
1,8-Cineole 031 040 035 470 520 4.70 8.14 830 840 145 160 1.50
(E)-B- Ocimene 013 020 0.26 0.60 0.65 0.60 032 030 0.35 114 120 1.20
Terpinolene - - - 0.17 0.15 0.10 0.25 0.20 0.23 0.16 0.20 0.20
Fenchone 0.10 0.15 0.20 022 0.30 0.30 0.30 0.30 0.35 0.24 020 0.30
Linalool 020 030 0.25 345 36.1 346 424 448 419 400 401 390
Camphor tr tr tr 0.70 0.40 0.30 053 tr 0.30 0.75 050 0.50
Borneol 032 020 0.25 0.15 tr tr 0.42 030 0.30 0.40 0.40 0.20
Terpinen-4-ol - - - 0.73 0.80 0.95 - - - 021 0.40 0.40
a-Terpineol 026 030 0.20 0.33 035 0.30 0.71 0.60 0.55 110 0.90 0.80
Methyl chavicol 382 452 489 580 6.00 7.20 30.7 332 370 930 101 113
Z-Geraniol (Nerol) 021 0.40 0.68 - - - - - - - - -
Z-Citral (Neral) 170 142 131 - - - - - - - - -
Chavicol 030 0.20 0.20 0.40 040 0.50 0.80 0.75 0.90 - - -
Geraniol 0.85 050 0.23 - - - 010 tr tr - - -
Geranial 230 214 173 - - - - - - - - -
Bornyl acetate 030 030 0.20 026 020 0.20 0.60 0.70 0.50 0.42 050 0.40
a-Cubebene 020 0.18 0.5 0.15 0.20 0.15 0.40 0.30 0.30 - - -
Eugenol 0.19 0.15 0.10 181 160 1.50 120 110 0.90 321 3.00 280
a-Copaene 0.16 0.21 0.17 0.14 0.10 0.10 tr tr tr - - -
B- Cubebene 050 045 0.40 - - - 013 tr tr 0.75 0.60 0.60
B- Elemene 014  tr tr 0.68 0.50 0.60 015 tr tr 1.03 0.90 0.90
Methyl cinnamate tr tr 0.10 388 403 410 - - - 301 312 320
Methyl eugenol 060 050 0.46 0.16 tr tr 052 0.30 0.40 1.60 130 1.30
(E)-Caryophyllene 490 450 4.78 040 0.30 0.30 280 250 220 030 020 tr
Trans-a-Bergamotene 180 160 1.27 0.53 0.30 0.30 1.02 0.90 0.75 1.18 0.90 0.75
a-Guaiene - - - 023 025 0.15 0.26 0.20 0.10 0.37 030 0.30
a-Humulene 190 180 1.67 053 030 0.10 042 030 0.25 023 010 tr
(E)-B-Farnesene 050 040 042 033 030 0.20 - - - - - -
Germacrene-D 150 110 0.82 230 200 1.80 171 160 1.30 059 0.40 0.40
v-Cadinene 320 3.00 3.01 053 050 045 0.66 0.60 0.50 0.40 0.40 0.30
B-Bisabolene 0.25 020 0.23 - - - - - - - - -
Nerolidol 037 030 0.30 0.15 0.15 0.10 - - - 0.13 0.10 0.15
Caryophyllene oxide 0.10 0.10 0.14 0.13 tr tr - - - - - -
a-Cadinol - - - 057 040 0.30 - - - 0.23 0.20 0.20
N1: (control), N2: 100 kg ha* urea, N3: 200 kg ha* urea and tr: trace amounts < 0.05 %.
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Introduction: Sweet basil (Ocimum basilicum L.) is an annual herbaceous plant from labiatae family. The

amount and chemical composition of essential oil of sweet basil depends on genetics, growing season,
environmental factors and plant growth stage. Nitrogen is one of the most important nutrients required by plants.

This element plays an essential role in the synthesis of amino acids and proteins and is part of the structure of
leaf chlorophyll and some plant hormones. Nitrogen application can significantly increase the growth and yield
of medicinal plants in different climatic conditions and affect the quantitative and qualitative properties of
essential oils. The results of various studies have shown that nitrogen significantly alters the amount of essential
oils in basil. Despite the positive effect of nitrogen on improving plant growth and yield, excessive use of
nitrogen fertilizer can have a negative effect on the absorption of other elements. On the other hand, high
amounts of water-soluble nitrogen lead to groundwater pollution. Therefore, determining the appropriate amount
of nitrogen fertilizer in proportion to the nutritional needs of crops, in addition to improving the quantity and
quality of yield, reduces damage to agricultural systems and the environment. Therefore, the aim of the present
study was to evaluate the effect of different amounts of nitrogen fertilizer on vegetative yield and quantitative
and qualitative characteristics of essential oil of four basil cultivars and to introduce the best cultivar in
Khorramabad climate.

Materials and Methods: This experiment was performed as a factorial split plot in time in a randomized
complete block design with three replications during 2016 growing season in the Agricultural Research Station
of Khorramabad. Experimental treatments included four sweet basil cultivars (Italian Large Leaf, Cinnamon,
Sweet Thai and Mobarakeh), three levels of nitrogen fertilizer (0, 100 and 200 kg ha' chemical nitrogen
fertilizer) and three harvests. Nitrogen fertilizer (from urea source) was added to the plots in two stages (half of
the fertilizer before seeds planting and the rest after the first harvest) based on the treatments. Basil plants were
harvested three times at the beginning of flowering. Traits measured in this study included chlorophyll index,
leaf/stem ratio, leaf dry weight, total plant dry weight, percentage and yield of essential oil and determination of
chemical composition of essential oil. To extract the essential oil, water distillation method and Clevenger
apparatus were used. To determine the main constituents of essential oil, all treatments related to a given
repetition were chosen in second harvest were used. Gas chromatography with mass spectrometer was used to
identify the compounds of basil essential oil. Analysis of variance of data was done using SAS ver. 9 and mean
comparison was performed based on the Duncan's multiple range test at 5% probability level using MSTAT-C
software. Figures were drawn by excel software.

Results and Discussion: The results of the present research showed that the highest leaf/stem ratio (1.8) was
obtained from applying 100 and 200 kg ha* of urea fertilizer in Italian Large Leaf cultivar in the first harvest.
Among the studied basil cultivars, Italian Large Leaf cultivar had the highest leaf dry weight, total dry weight,
percentage of essential oil and essential oil yield. The maximum leaf chlorophyll index was related to Sweet
Thai and Cinnamon cultivars and the minimum chlorophyll index, percentage of essential oil and essential oil
yield was related to Mobarakeh cultivar. Consumption of urea fertilizer was associated with a significant
improvement in vegetative growth and as a result, basil yield increased. Although the essential oil percentage of
basil cultivars under control treatment was higher than plants that were fed with nitrogen fertilizer, but the
highest essential oil yield was obtained from application of 100 kg ha urea fertilizer, which shows the greater
effect of dry yield on essential oil yield compared to the percentage of essential oil. In all studied traits, the
maximum value was related to the second harvest and the minimum amount (except the essential oil percentage)
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was allocated to the first harvest. In chemical analysis of essential oils obtained from young leaves and shoots of
basil cultivars under different fertilization treatments, 29 to 35 compounds were identified. The maximum
concentration of major constituents of essential oils (except 1-8-cineol, methyl cinnamate and methyl chavicol)
was related to the control treatment (no fertilizer application).

Conclusion: Since there was no significant difference between the levels of 100 and 200 kg ha* of urea in
terms of total dry weight and the highest essential oil yield was obtained from the treatment of 100 kg ha! of
urea fertilizer, Italian Large Leaf cultivar and consumption of 100 kg ha? of urea fertilizer can be used in
environmental conditions similar to Khorramabad.
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