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Effect of plant density, nitrogen fertilizer and sowing date on the yield and
chemicalcomposition of essential oil of sweet basil (Ocimum basilicum L.)
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Table 1- Variance analysis for plant height,No.of leaf, plant fresh weight, plant dry weight, Leaf to
stem, Leaf Area Index, Yield of essential and Methyl Chavicol on the one cutting of Damavand.

Gt aulia 20 Ageld) Aazi SEA G I ok 3 Slee Jaia
(S5.0.V) > (Plant Lx  (Plantdry 4, ge ol Jssas
A5 height)  (No.of  weight) 48l (Leaf (Yieldof Methyl
] (cm) leaf) (an) (Leafto  Area  essential) h( .
(df) stem)  Index) — (kg) ~ Chavic
(%)
IS 3 11.45%  37.15*  712.73*  3.14™ 173"  £.25**  (.15*%
(Replication)
Oos
(Nitrogen) 2 21435** 15189 542.45*  30.45* 5.79* 1435.69* 0.27*
*%* * *
Gl 1 217.93** 14275 217.16*  12.72" 3.12* 542.77** (0.42*
(Sowing data) ns *
oS alald 2 139.25* 290.34 321.73**  47.3™  532* 411.52** (.327*
(Plant distance) * *
QASEB 0I5 A8 2 24548*% 181,13 745.25%*  452.45* 4517 981.05** 0.64™
(NS) *%* *
CiSalalbgis s 4 22358% 17415 125927 321.27*  68.12 873.45%%  (0.72™
(NP) ** * *
alald :1‘5 &M 2 238.40™  132.9%*  322.74** 435.83* 3566 478.89**  (0.53*
* *
(PS)
G w5 4 376.63* 19327 315.26* 723.16* 47.31 184230 0.845™
\EWEINLS Kk * * ns
(NSP)cais
o 51 25.72 24.22 47.05 76.42 0.27 22.17 0.12
(Error)

.'/.\,'/.aCb,;,u@,)u@#ﬁe%;q**,*jns

ns,*,**:non-significant and significant 5% and1%
level of probability, respectivity
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Table 3- Variance analysis for plant height,No.of leaf, plant fresh weight, plant dry
weight, Leaf to stem, Leaf Area Index, Yield of essential and Methyl Chavicol on the two
cutting of Damavand.

Sl e ey Gyl &K sl st 0 S oels 5 Slas e
(S.0.V) <1 (Plant (No.of  (Plantdry — «&,. &S el I8
(df height) leaf) weight)(gr) Wl (Leaf (Yield of Methy!
(cm) (Leafto  Area essential) .
stem) Index) (Kg) Chavicol)
)
IS 3 15.45** 18.4"s 615.23* 4.45* 1.52ns 8.13* 0.50*
(Replication)
S 2 237.36% 158.66%*  422.27%  51.93* 4347  oo3g01kx 6%
(Nitrogen)
S Gk 1 242.65* 169.40* 351.84* 25.27* 4.71%* 525.91** 0.373**
(Sowing data)
kS ol 2 257.13**  201.67* 537.31** 32.15™ 6.23* 783.58* 0.91m
(Plant distance)
CS b 2 263407 18109%  825.93%  37121%  38.90%* 122476+  0-81
(NS)
SIS dolir 035 2 4 281.28** 120.48**  355.57**  521.53* 51.47* 847.54* 0.35*
(NP)
dolir C5 5,6 2 229.39*  137.54™  342.91**  345.22"  33.85** 755.16* 0.482*
(PS)
Gk 0358 4 382.72* 249.87* 425.58**  412.93* 48.31* 1935.96 "™ 0.339**
alolix sls”
(NSP) s
s
(Error) 51 33.60 21.32 72.01 54.11 0.31 43.16 0.19

TN 50 e )3 1> gme 5 13 Gme b 55 4 ** % ons
ns,*,**:non-significant and significant 5% and1% level of probability, respectivity
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Table 3-Mean comparsion of nitrogen , Plant distance and Sowing data to first cutting

b)les Sy gl <& sl oS 03y & s oasls 5 Shes Jeze
(p_Iant (No.of (pl_ant dry Gl o &£, b bl IS5,
h?(':?:l])t) leaf) weight)(gr) (Leaf to (Leaf (Yield_of (Methyl
stem) Area essential Chavico

Index) ) (Kg) ]l

(N)(KG) (3" ) 05555 555
N1=50 43.26e 44.34ef 5.73c 1.38ef 1.21d 4.60d 3.17e
N2=100 46.25b 48.63c 6.01ab 1.62¢c 1.52bc 5.18c 3.33d
N3=150 49.79 52.11a 6.84a 1.91a 1.85a 5.72a 4.52a
(PYCM) (e sl eils dsls
P1=5 49.81a 45.65e 6.63a 1.73b 1.71ab 5.53b 4.08b
P2=10 45.21c 46.87d 5.83b 1.58d 1.41c 5.11c 3.39d
P3=15 45.01d 50.27b 5.13d 1.4%e 1.36¢d 4.34d 3.21de
(S)(Day)Gs,) e85t
Sl=cigysyld 45.47c 47.18cd 5.90b 1.30f 1.64b 5.27bc 3.62c
S2= gyl Y 39.78f 38.05f 5.02e 1179 1.11e 4.10e 3.09f

.m)l:&namlgbl:’ﬂbchdj:g)bTﬁj\QPﬁjagﬁaxbdjf\f5\.&@.&9
Mean followed by different letters in each column have significantly different of 5% level of probability.

P98 o 30 Sl Fu il 9 Sl dhold (039 g (S Hlow 00l BT 1Tl duslio —¢  J9u>
Table 4-Mean comparsion of nitrogen , Plant distance and Sowing data to second cutting

bles G5 gl & sl oSt 05 UG GO el > Slas e
(p_lant (No.of (p!ant dry Gl & bl IS5,
h?clﬁ?)t) leaf) weight)(gr) (Leaf to (Leaf (Yieldof  (Methyl
stem) Area essential) -
Chavicol
Index) (Kg) .
(VA)
(N)(KQ) (e 5 5k8) 0552 255
N1=50 43.25f 45.57e 6.31c 1.53¢c 1.41d 4.82c 3.45e
N2=100 47.17c 49.63b 6.81b 1.78b 1.75b 5.47bc 3.67d
N3=150 50.37a 52.45a 7.95a 1.96a 2.08a 5.90a 4.84a
(PYCM) (e slu)eils” dols
P1=5 50.18b 46.66d 7.38ab 1.89ab 1.94a 5.84a 4.23b
P2=10 46.62d 48.08c 6.45bc 1.65bc 1.73b 5.63b 3.64d
P3=15 45.43e 51.93a 5.76d 1.52c 1.50cd 4.91c 3.59d
(S)(Day)Gsy)cas &b
Sl=cigus,lo 47.73¢c 48.51bc 6.88b 1.41d 1.67c 5.71ab 3.89¢c
S2=CigusyI Y 40.11g 40.23f 5.41e 1.22e 1.35e 4.38d 3.3%

At 13 an 3N (5113 70 o 53 (55LT i 510 g g 53 88 e 8 oy b sla L
Mean followed by different letters in each column have significantly different of 5% level of probability.
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Table 5- Mean comparison of interaction effects of, nitrogen. Plant distance nitrogen . Sowing
data and Plant distance. Sowing data on the characteristic to second cutting.

G5 gl & sl A PR GOCI: e s s Slas IS5l Jze
bl (plant (No.of (plant dry Bl 4 &, b bl (Methyl
height) leaf) Welght)(Or  (eafto (Leaf (Yieldof  Chavicol)
(cm) ) stem) Area essential) o
Index) (Kg) ’
CalS ol e 05 25 N+P
Fale Bl alolh @ (00055 25 32.25j 27.49jk 5.49i 1.17j 1.31k 3.61jk 3.73l
N1P1
Fatle Ve Bl Aol @ (00)05s 55 38.37g 32.27ij 5.98h 1.299 1.53jk 4.31i 4.09k
N1P2
el 10 1S ol @ (00)0 55 40.72e 37.41g 6.25f 1.45e 1.58j 4.45g 4429
N1P3
el 0 Cals sl (Ve )05y 20 36.17i 34.72h 6.40fg 1.23i 1.65i 4.37h 4.32hi
N2P1
el Vo S Ao e (V)05 38.45fg 38.71f 6.48f 1.33fg 1.84g 4.49f 457f
N2P2
el V0 CslS alols ® (Ve )58 20 41.84e 39.34ef 6.43f 1.45e 1.87g 4.61ef 4.63e
N2P3
ol & 3187 Aol (V04055 25 42.67de 39.86ef 6.74e 1.71c 1.90f 4.70e 4.67e
N3P1
Fatle Vo sl alol e (V005 s 43.94d 40.66e 7.05d 1.61d 1.93e 5.14d 4.75d
N3P2
el 10 clS ol e (10)05s 28 49.77b 43.39b 7.62ab 1.81b 2.06ab 5.34b 4.93bc
N3P3
i8S f b0 055 2 NoS
g3 e (00)05s i 38.02gh 33.47hi 6.26fg 1.25h 1.59j 4.43g 4.38h
N1S1
g3, V0 @ (00055 5 37.18h 29.14j 5.22i 1.26h 1.38k 3.99j 3.96k
N1S2
g 00 (V)05 43.11d 42.21c 7.15¢d 1.74c 2.0l1c  5.15d 4.77d
N2S1
S ee (Ve )05s 25 39.32f 39.14f 6.44f 1.39f 1.869 447 4.50fg
N2S2
Cign)) 00 (100055 5 48.62b 45.11a 7.51b 1.83a 2.15a 5.81ab 5.40b
N3S1
gl (00 )35 8 1 40.52¢f 39.11f 6.229 1.37f 1.869 4.58¢f 4.61ef
N3S2
S ke sl ol PeS
gyl 00 asled il alols 45.21cd 42.01d 7.26¢c 1.56d 2.00c 5.20c 4.86¢
P1S1
gl Vo o ezl d 2l dols 38.09gh 32.21ij 5.58hi 1.289 1.53jk 4.01ij 4,01k
P1S2
Sl 00 esle Vo S5 4ol 52.73a 43.71b 7.93a 1.80b 2.01b 6.14a 5.87a
p2S1
Ciguay Yo o zesle Ve CslS alols 38.41fg 33.31i 6.12gh 1.32fg 1.78gh 4.42g 4.35h

p2S2
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Cigm3) 00 el 10 S5 Aol 47.94c 40.32¢ 7.22¢ 1.46e 1.92e 5.19¢c 4.79d
P3s1

Ciguayl Yo o zesle V0 CslS alols 39.19f 36.41gh 6.54ef 1.31fg 1.73h 4.34h 4.29j
P3S2

ez Hls ae Ol (gl 70 cla.w)ALg)LaTJE)WQ}LMIA):SJ:.L»J:bJ)FL.Lgbsociil:.a
Mean followed by different letters in each column have significantly different of 5% level of probability

Tl .l dlolig Culbls” Zu sl . 039y ¢ Sl Ahold . 39 g  Blake BT SOl duslio -1 Jou>

PIS (w30 (v y g0 Olo (59 p Cls
Table 6- Mean comparison of interaction effects of, nitrogen. Plant distance nitrogen . Sowing
data and Plant distance. Sowing data on the characteristic to second cutting

G pli) & sl RS PRRNNU G S AN E) 5 Shes e
bl (plant (No.of (plant dry Slow &£, bl JsSS 8
hz’c'?]:‘)‘) leaf)  weight)@r () cafto  (Leaf  (Yieldof  (Methyl
) stem) Area essential -
Index) ) (Kg) Chavicol
g )
IS sl e 03y NsP
el & S alole @ (00)035s 55 33.42i 28.65k 5.05j 1.26i 1.35k 3.96i 4.64k
N1P1
el Ve B Aot (84)055 38.3%h 34.42i 6.18gh 1.44g 1.64h 4,599 5.27h
N1P2
el 10 S Ao ® (00055 25 41.58fg 35.37hi 7.49b 1.73c 1.70fg 5.72b 5.80b
N1P3
el d 5 sl (V)0 37.33 hi 35.02i 6.269 1.21i 1.66gh 4,669 5.389
N2P1
Sesle Ve CalS Aol e (Ve )oSs 40.57g 39.19g 6.69e 1.48f 1.86de 4.87ef 5.49¢f
N2P2
el V0SB ol e (Ve )0 58 8 40.869 40.00f 6.74c 1.84b 1.90d 4.3% 5.06hi
N2P3
el 0 1S ol e (V04)0 55 1 43.37ef 39.81f 6.89c 1.46fg 1.89d 5.11de 5.70d
N3P1
el Vo S ol e (104)055 2 45.61d 42.19d 7.92ab 1.47f 2.01b 5.46cd 5.67c
N3P2
el V0 S s ® (104055 20 47.01b 43.47c 7.52b 1.83b 2.43ab 6.40a 5.90a
N3P3
S f b0 05525 NoS
g3, l00 (00055 25 39.27h 35.27hi 6.28i 1.31h 1.68¢g 4.73f 5.44f
N1S1
i, 10 @ (84)055 37.61hi 32.41hi 5.28fg 1.19j 1.53j 4.27hi 4.79j
N1S2
g 00 (Ve e)ijs 2o 42.25fF 41.74e 6.97bc 1.84b 1.82e 4.92¢ 5.55e
N2S1
Cguayl Yoo (Ve )05, a6 40.81g 38.27h 6.35f 1.72cd 1.98hc 4.70f 5.42f
N2S2
Cign)) 00 (100055 25 49.42ab 48.61b 7.95ab 1.93a 2.36a 6.42a 5.98a
N3S1
g3 e #1005 25 38.72h 39.069 6.55d 1.54e 1.84de 4.84ef 5.50e

N3S2
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S e ClS dols PeS

St 00 el b Culs alols

P1S1

St ) Yo 0 masile b SIS dlols
P1S2

Sty 00 jaslu Ve SIS dlols
P2S1

gyl Yoo el Ve ClS ol
P2S2

g 00 zasilu 10 CblS alols
P3S1

gyl Yo 0 sl 10 Cils ol
P3S2

44.31e

36.72i

47.25¢

38.38 hi

50.26a

39.21h

41.32
33.72j
40.66¢d
35.71hi
51.12a

37.12h

7.47b

6.08h

7.76b

6.11hi

8.25a

6.25¢

1.61d

1.27i

1.47f

1.45¢

1.90a

1.73c

1.96bc

1.60i

1.93c

1.70g

2.07b

1.76f

5.25d

4.31h

5.52¢

4.70f
5.62bc

4.61fg

5.62d

4.96i

5.79b

5.36g

5.72bc

5.31h

Mean followed by different letters in each column have significantly different of 5% level of probability

.Mjl;swabk:ﬁ-l‘_;‘)la'/.bCL»)JLS)L»T}EJJ"Q}M,A)J;’;}::“”&J}?L.LSLAJ;JL:A

eIy 90 Olao (59 p Cubls Fu sl g CllT Aol . 39 g blake §1 puSlo dwlic -Y o>

J9 o 09
oyl &5 gl &K sl R P GO sarls s e IS8 e
(plant height) (No.of (plant dry sl g &y sl (Methyl
(cm) leaf)  weight)@ (1 eafto  (Leaf  (Yield  Chavicol)
) stem) Area of )
Index) essentia
) (Kg)
S e S ol 0y
NPS

S0 el 1S Aol @ (04)055 55 39.72ij 36.31h 5.72gh 1.45f 1.37h 4.32i 3.66k
N1P1S1

* pemlo Ve il ol (0005 42.45fg 38.069 6.90d 1.67c 1.78g 4.60g 4.43g
Cligs,l0
N1P2S1

¢ el V0 CslS Alols ® (04)055 2 40.21i 37.71gh  6.85d 1.65cd 1.82e 4.71f 4.71f
Clings,l0
N1P3S1

o el b LS dols ® (00)055 25 37.14j  29.42jk  5.23ij 1.27g 1.36j 3.53 3.47j
S 5,I¥
N1P1S2

¢ el Vo S Alo ® (04)055 2 40.39hi 34.53i 5.65h 1.50e 1.70i 4.41h 3.89i
g )lYe
N1P2S2

¢ el 10 CslS dole @ (04)055 5 39.21ij 30.29j 5.37i 1.63d 1.81f 4.69fg 4.63fg
S 5,I¥
N1P3S2

* el b ZalS dlolb e (Ve 0)05s 25 43.81de 41.41e 6.92d 1.42f 1.769 4.74e 4.88e
Clings,l0
N2P1S1

* fatle Vo LS ol e (V)05 2 46.45¢cd 43.38c  7.1lcd 1.30fg 1.87c 4.86¢ 5.26¢
Cligs 3,0
N2P2S1

¢ el 10 Cals dols @ (Ve 0) 058 25 42.53f 40.37f  6.91d 1.62d 1.85d  4.79de 4.96de
Clings,l0
N2P3S1

® el O S Aol (V)05 2 42.72f 38.03g 6.20g 1.68c 1.78g 4.60g 4.21h
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Clgua)lYe
N2P1S2
* Falu) s S Aol e (Ve )05 28 42.359 39.31fg 6.57e 1.64d 1.85d 4.81d 5.19d
G-y
N2P2S2
* el 10 CslS sl e (V)05 2 40.81h 37.949 6.52f 1.61de 1.84d 4.78e 4.84¢
Clgua)lYe
N2P3S2
* resle b Cals Aol (10005 2 44.72d 42.24d  6.58e 1.72bc 1.88c 4.89c 5.30bc
S 3,10
N3P1S1
el Ve SIS Aol e (V0405 25 53.63a 50.72a 9.12a 1.88ab 2.19a 5.68a 5.47a
Sl 3,0
N3P2S1
¢ el 10 1S ol e (V04055 20 50.21b 49.57ab  8.23b 1.93a 1.92b 5.04b 5.39b
Cigu N0
N3P3S1
* resle b CalS Aol (10005 2 43.36e 41.61de 6.63de 1.69¢ 1.85d 4.79de 5.06e
Cligua )Y
N3P1S2
* pesle Ve sl alol e (V005 a6 46.93c 48.42b  7.22c 1.74b 1.94b 4.98bc  5.30bc
Ciagud,IY
N3P2S2
* el 10 L ol e (104)055 40.42hi 38.49fg 6.37fg 1.279 1.70hi 4.41h 3.47j
Cigua)lY
N3P3S2
Table 7- Mean comparison of interaction effects of nitrogen , Plant distance and Sowing data on the characteristic to first
cutting

.Mﬂ;&.«u;’})&:&ldbb'ﬂbcb.d):‘SJbT)E)‘lQ}w,asjbéfj;&»,:b Q}f\g&h@fﬁlﬁa
Mean followed by different letters in each column have significantly different of 5% level of probability
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Table 8- Mean comparison of interaction effects of nitrogen , Plant distance and Sowing data
on the characteristic to second cutting

bl S gl & slax St diy Spoms pheesls 5 Slas e
(p_lant (No.of (pl_amt dry PP &£, ol IS5,
hzg:)t) leaf) Welg;\t)(gr (Leaf to (Leaf (Yield of (Methyl
stem) Area essential) :
Index) (Ka) Chavicol
g )
C»"'-f'@)b" S Aol e 05
NPS
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Mean followed by different letters in each column have significantly different of 5% level of probability.
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Abstract

Sweet basil is one of the most widespread spices in the world. Its dried leaves are used commonly
as a flavouring in many food products. This experiment was carried out in research farm of
Damavand in 2019 to evaluate. Effect of plant density, nitrogen fertilizer and sowing date on yield
and chemical composition of essential oil of sweet basil (Ocimum basilicum L.) .The experimental
was conducted a factorial using randomized compelet block design with four replication.The
factors were three levels of nitrogen fertilizers: N1= application of 50 kg/ha, N2= application of 100
kg/ha, N3= application of 150 kg/ha and three levels of plant densities:P1=5 cm, P2= 10 cm, P3=
15 cm with two sowing date:S1= 25 April, S2= 10 May.In this evaluation, most stage of plant
phonology such as plant height, number of leaf, plant dry weight, leaf of stem, leaf area index, yield
of essential oil and percentage of methyl chavicol were measured. The results showed that plant
height mean with application of 50 kg/ha had superior point and interaction of N3P2S1 was higher
than other levels in plant dry weight on the first and second cutting, yield of essential oil on the
interaction NS had significant at the 1 % level on the first and second cutting and leaf area index
were significant on the intraction of PS and NSP on the first and second cutting %5 level which
indicates better performance in nitrogen fertilizer of 150 kg/ha, plant densities of 15 cm and sowing
date of 25 April on the first and second cutting.
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