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Table 1- Khorramabad meteorological station monthly statistics in the experiment period in 2016
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Precipitation Number of rainy Average temperature Maximum temperature Minimum temperature
Month o o o

(mm) days (°C) Q) Q)
Mar 514 9 13.7 21.2 6.1
Apr 145 5 20.0 29.4 10.5
May 0.2 1 26.4 37.3 15.6
Jun 0.3 1 30.2 40.2 20.4
Jul 0.0 0 30.7 41.0 20.4
Aug 17.0 1 26.8 36.2 17.4
Sep 14.0 3 21.6 30.7 12.4




YAY

oy 8y 5k (599 5l Olho (B 5 g bl 8 pSles (il gl (glgire o ySlos (359 yid Blise gk i

Ghalel 2l 5l i as 30 SB (alowd 9 (Sejud S S -Y g
Table 2- Physical and chemical analysis of soil before the experiment

Sloedl, o9 Sk od ol SaSicale S pien e BB s e B el
Soil textu}e Clay Silt Sand & EC Total N P K
(%) (%) (%) pH (ds.m™) (%0) (mg kg™) (mg kg™)
)~ 3252 405 26.98 7.56 0.546 0.289 7 350

clay loam
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Chla = (11.24 X Ags) — (2.04 X Agss) ()
Chlb = (20.13 x Agss) — (4.19 x Ags)) (¥)
Chla+b = 7.05 x Ags + 18.09 X Agys ()

Car = (1000 A7 — 1.90 Chla — 63.14Chlb)/214  (¥)

3 S ol o8 LS (sladiges s Sl spSoil o
Gl )d g g Sy (2AS blgl )5 widg e (slaadli
Lo g oSl ol slfiid b el s oy Sojlal sas Sis
Lol g oy yte &8 )b Colo G5 pobasdl 5 Sl
0+ 50 (sl lsbuwl jl oS wd (3, S 0yl S (ol S
Syl Sy A8 il Sy p S5l oS Lo
yobds alyis (gySojlul dLmojlae il g bale , 5
2 Ladises Olis (g uSejluil (V) Ad pbsl (gyS0,lac b jlojon
23,5 pbol BBl @ ygay cudld o sl 5 J1SS Aw

g0yl @lie jl ey P g N Jold olond (sbadgS e
o33l @l el o (S 53 p)S5lS Ve v) S Flind g
IS0 c8lgSi jsbay cudlS I S 50 355 .08)5 0 g0 SB
ol a3 )50 (slajlos )3 Lo 4559y 395 9 o 4 )je
S Oygo & Ghlo g CBlS Gloj ) U (g ped So 35
355 253yl s yo 93 s 33 b 0Dy 48 4 Jol sl jl dm g
Fo dtd Slles (L85 G900 )y ©ygoh S (g
O gmod )l S g (iSdle g Swpd pd Jold yd
culs glacad,y dlold b slacs,S o bole slbys blol 53 pudiune
A plodl y e Ol YO Casdy g9y ass alold o yio il O+
alojl 38 5 sy @ye o ) Wigr Ae 4y oS15 Cui s
Cds jl epSels sl g s ¥ Jsb & g cuslS oy b Jolis
Al a5 e )3 CBlS ) G pbee S S e (039
bl A5 s gape o VI Y &Sy olel ggee
Lo ojylee 9 oS jls 5 s bl (58,5, a5 o Ly ae e
0l (S ol Glao b pbsl swwd Gysods jaslacale
Wor ) il S i Wiy > (il a3Li dlaw iy glisy) Jolis
b JplS @ S lS el 3,Slac S5 >,Slas Sy 2o
Ol ol Cudlyyy gy olS Sy (e 9 23959, (JS SIS
2 Jsl ccilyy s plosl 0 S ds o bilsl 40 g Cog dw
>3lgl 53 pow by g 2y o lawlgl yd pgd Cuilyy ¢y Lol
S S etges )8 2 3 85 Ojgo (phy L8 Do s e
58S plonl (dlacils @l 3l Gl j1 Gy g Lo (slaciss,
Lagl 15 01j 5 oo ooy o (50055 51 alg (slapl]
A VO slod b Jol p3 caslo YA Sdo & s A (6501001
Gl 3,5 el 55 o] Sis 59 9 38,5 51,8 5,5 sl
22y &gy, opdl 5 ol g sl a3ls olaw g gli5)) s
L g pSojluil g bl @S ol (olad jsbody g gty il
bS8 edatl ay5e ()bl 4328 ol lualie (Sike
5 dolar jelod die VO cylouy Sy oy dwbre gl
ErSolul gl 5 jg 5 w35 by &8 e o,
G 5o ol 5 5s 9 ond 1 olS 5| Alolodly 1Sy Ly 5
Sy ooy dbadis S5 )9 & Sy 0jg Comd & 25 b DS
ol g Ol L yulais 59y 51 e il g5l (gly b duanlne



2 Gl X 398" g Cutly gy X 08y (ESeRy (piored (2855 1,8
@ bgrpe (xke duslie gl (1" Jodo) 2035 5 dne o
cilyy 4o CINNAamon o8, a8 sly 4las cubly X 18, S ooy
3y olaid! 55 a1y (VIF) g0 55 cpdI S Slaws oyt powo
SledsS Gy ims il zolaw dod j3 imgy (ol j0 () )
O ol 23 &5 )5 Wiy > (3] IS slass Gl el 3550
O yiy po Cubl gy )3 05l 398 LS 53 p)S oS Ve 2L
o 395 3 ) LS (Y US3) A5 g5 (VIVE) &gy 3 o3l JS
oS (5ol 5 (Seigledrge Clio pST gm0 4 poxie ()79
Toh pled )3 (595 295 3p)LS a8 by (i (oS gl
o 4 o g 50 pdl S dla Iy xe (a8l s il
355 By im0 d Sl dang L (VY) wa)5 (2055 pas) dali
Slaws ols 8l (¥ Jado) oy iolial |y g p> adld dlasws )59,
3 o8 sl il 81 ] Jlos 4 g s 3 osias J5 claas L
drwgd g by Jdd 4 55 pow bl 50 iy oo Hlaidy alaie &g
(F Joio) 2y (ol L5 ol (381 (ppiomen g ol iy

Doy yidis B 1 b 4y Cond wgy 4> w3l S slass

ags tmj

B bl 5358 By il Cos (gl tme ysbod gy £l
J932) 423,55 s ime o (pl  bajless (S em p Lol c8)S
s Mobarakeh 8, daosly 1 Sbe duslio gl wlol o (¥
plie Bpan (¥ Jsiz) 392 (e Sl OFTY) gy gl oy yidin
it > 38 oy ol i) LIl s a5 368 iliko
ELE) (S g (3te Bl BY/IYD) (pyidin w2 (6395 sla)loss
Ve op)lS bajles ao 3leie iy (e 5l FA/OY) gy
Joi2) 392 (0395 395 2,8 pas) el g 0yl )i )3 p55lS
OO/NY) dgy gLl oy iy e liseo glac iy e yo (¥
S losl (P Jpia) €l polazsl pgs cutly 4 (o sl
obS i)l Glise o 5> ol Jalse 1 (S e polie 25008
(039 395 Byan pic) 3ld Jlosi 53 oS s 0 jlaiay
2l 4o G ()08 3 1 (S dlge d9seS ety plalS
Las S IS ladlas 5 35 )10)55 50 (6355 sbavjloss
(V) el pralidl Loy asg el o359y cdgs 28
2 2LS slaggege PLs jusi cozge (98 395 208
t Sepm] Sl G (0L g 295 0 olS gy (slo st
(V7) 33,5 o olS g5l g (odngy My laldl el oy

Orze 9 Jbep g 5 5l bl slalls 5 eosly
Ver.,l53ls 5 3l ookl b ba wib)ly Slaed (¢l alojl (layloss
&logil il ly 455 (gl 28,5 L5 y905] 3,50 Minitab 14
Loodly (:85ko dunlde 5 A odlawl SAS ver. 9 jl58ls 5 5l laesls
L ao) 0 Jlass) pdaa 55 oy Sl (glasals w9051 Lol
5l 5 Lausgs i ylsgas .05 plosl MSTAT-C 58l 5 51 oolizs
oy SE bl  (Error Bars) skl slas claako ¢ Excel

VNS

Wigs o ouila dALE laas
qwdy slaylos yil &S D0 et Wodld uilyly 4350 puls
Lol g jlo izo dSgy o (ils a3Ls dlaws p cdlyy g 058
B om0 o7 g 298 s ine o (2 bojloss (S o
55 9 (M+2) oy Sweet Thai o3, « olj)l 3)9—
L il |y 6oy jd (ils asLs olass (F/A) (o S Mobarakeh
Italian 4 Cinnamon sL3,l s Sweet Thai o3, - 3929 (]
Sz BB &gy > l> a3Ls ol bl 5| Large Leaf
a3l ol Liol38l Cawe 59,50 365 5,8 (¥ Jodn) i odmlie
o)gl )UKo )3 p)So LS Ve g Ve 28 9 U008 L 3 (>
Iy &gy sl dlasy oy s ANVE 5 AIVD (6o Slee b s iy
pac) mli jlog Ll iz, S )15 gyl 05,5 Ky )5 5 53,8 Mg
5 39 Jie 2 5aS (sl ENF S Lo (53355 355 5,05
CaBld 39y 355 3,8 alisee polbe b (gyld me M)
SHSANY (ke b pow cuib p 0 el p oo 5o (¥ Jois)
9 48) Yt dgate (¥ J9a) 390 gp ) (2% 43 ola 0
(23S Al pe Sl Gl U pog—adday olS (g 08 (il
355 D9 oLS > i (o5 Sloadll b 4 xie Wi
2 0l oS 5L 3590 039 (305 wal8 b 0Jg s (2besd
sy o5 4515 A5 a3 | peelie By 1) b
2o (35955 365 3,8 4 03,5 GBS (cdimgy )3 )5l S92y
WLl e o Cud Gl oS )3 (0,8 3L la yul38l 4
oS j0 e ,8 as L Doy (p iy S0 Adng )0 (Vr) a0 )8
ol laddli olass iol38l ub sanlive paw cubly y o by,
O J= o gl sy G g g pgd lacitly
s claallyy il aeSily 5 ol cuily b Lol aile

(8) 35500 528 (slailer il & e oS 25

s yo GedlJS alaas

Cdbldy 365 (ody (sloylos )...,L Cod gy O,{sUf Sliss



ke Zslaw 51

39

o

Slgizxo o Slos

Ll o ySlos (!

FrRIo®

38 Sl

Lz S 59'9:

r°§))

ol

YAQ

“£[2A1102d5a1 “30UAIJIP LAY IUTIS-uoU pur s]aad] A[1qeqoad Jo [ ‘54 18 S0UIAJIP JUBOYIUTIS MOYS ,, pue
w6 wabp o ool o e <0 R ooy 6 R ol € " ard e |5 | e o ear
. . . . . . . . . . . (%) "AD
81C 08°01 It't tLL 9¢9 LO'TT LEE 91 £T'E €L°01 <t - B
. . . . . . . . . . . g foud
L9TEYr 9560000 8992000 6£5000°0 TcTen0’o 9T'8 Tr'e98s $6'0 o't 8T0 o 8F = (7 A
T Jouy
0F'810C 68€000°0 1€T€00°0 €£L000°0 691000 61T coLoLl 6g't 90°1 IT0 €10 ¥ T (0 o
. . . . . . . . . . Ixd=V
2y < 00000070 s 71000070 su C000000°0 6821000 wC8'L L.BL9865E «wl60 suft'l wl00 9100070 cl (¥ x b x Ko
Joxd
LISC0LTT « 00000070 s« ¢10000°0 s 00000070 s CL6000°0 wull'8 LLLBESOLB] b1l aubEl LITE « P1000°0 ¥ e w Kegen
IxV
LBE86F1T « 020000 LLE6900°0 79800070 «wL9T100°0 .. £6°L0T L. CL'TPBTRS wFE0 wlS'1 LT w810 9 (¥ ¥
(D) 1saatey
L.017€9160T FTec000 L90TSEL0 L 1F8010°0 LESELVOO L PO 9r0e LSTIBIOERS ..58°6TE L.EE60 L.836'8S1 LEP8 T Kefrm
. . . . . . . . . . . [
1L°LT9 1668000 TIL9FO0 SELEODD 9F1LE0D T8 80°95T0T L0°T €0t 'l e 44 (e (e |
=V
LLPESSTE s 70690070 s 8T0S0T°0 u6E6500°0 L988C60°0 u9EL 9T S69¢E8 ub6'T 98¢ w€T0 9 (¥ x e
() w0ziIag N
LEOBSLSLE ..F86890°0 . I8SOSTT L.0€6190°0 L.C57698°0 .9T9rT LIET169L018 ..66'81 L.687068 LI8°SP ..69°99 4 o 60
(V) leanin)
LILTIBTRLEL ..5T9E80°0 L FS0FE9°0 LLTE9R0'0 ..£980TE°0 LSTT0LT L.61006598 LSESE LEE0T WLEST L96 € e
uonearjday
8C°6Et S8¥8TO0 €T0100°0 0S£600°0 85010070 66°€l €I°¢L619 LTYT 601 88t LTe T ot
oIk 1o yueyd aad yuerd aad
1B MEAN - niAydoaopys q & wiudosa [empuessy PRI AIp 0L, 3Fejuadaad A S30UdISII0[UI sayoue.iq w uonELIEA
) ..« ”«Mﬁz p! Wm.“m._- D eI n&ydosopyy _“q”_m -u [LIe) __M.J,...ﬂ. o Jua] E«. ..“.g....m_ Id Jo JdquIny JO Jaquiny _.«Fnﬂ J0 5324n08
a1y M aoad [wl meer . o e - P L1 ad L a0 of ¢ P o
Tl ey ateass e o S q ful . e or P P o Hp A HEe R o
o 50 g e

JSOATBY JUIIIPJIP Ul UITOI)IU JO SPPAI] JUIIPJIP Aq PI)IIJE SINSLIILICYD SICADND [ISE( JO IIUBLIBA JO SISA[RUY -¢ J[qEL

e A- nefiv §f e e offe oqpy e (gD con q¥ eé2 oame D of Komoa S eamm



AR Ll ¥ o lods FF aler (63 y9linS quluo g pole) GLbl pole 4, Yo

oLy Alises 0Bl (S 59091 528 9 (Se9Ie 90 Olho (B 1 Cedld  Cugi g (59 %5 395 Alisee g ghaw 03l OI ST -€ Jgaa
Table 4- The simple effects of nitrogen fertilizer and different harvest levels on some morphological and physiological traits
of sweet basil cultivars

ol AL Do
Ay g sl S s 20> D Judg i Mgy,
Treatments Number of Plant height Leaf ércer)lta . Chlorophyll b Carotenoid
branches (cm) P 9 (mg.g™ FW) (mg.g™ FW)
per plant
)
Cultivar
Mobarakeh 6.80° 56.37 2 58.77°¢ 0.256° 0.242°
Cinnamon 7.98°2 50.25°¢ 60.21° 0.335% 0.317%
Italian Large Leaf 7.892 55.69° 61.86° 0.273° 0.236°
Thai 8.09 @ 53.71° 59.68 ° 0.336° 0.349°
0)9l 395
Urea

(kg ha™)

Control 6.16 " 49.54°¢ 58.82 ° 0.252° 0.236°
100 8.162 55.02 ° 60.50 2 0.3192 0.311°2
200 8.75° 57.45% 61.072 0.3292 0.312%

c..;‘sbﬂ

Harvest

Harvest 1 6.08°¢ 52.09° 62.962 0.319°% 0.279°
Harvest 2 7.87° 55.11°2 60.50 ° 0.295° 0.281°
Harvest 3 9.12°2 54,812 56.94 ¢ 0.285° 0.298?
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The means in each column having the same letter are not significantly different at 5% of probability level based on Duncan’s multiple range test.
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Number of inflorescences per plant
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Mobarakeh Cinnamon Italian Large

Leaf
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Figure 1- Interaction effect of cultivar x different harvests on number of inflorescences per plant of sweet basil (DMRT,
p<0.05)
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Figure 3- Interaction effect of cultivar x nitrogen fertilizer in different harvest on total dry yield of sweet basil cultivars
(DMRT, p<0.05)
N1, N2, N3: Control (0 kg ha™ urea), 100 kg ha™ urea, and 200 kg ha™ urea, respectively and H1: first harvest, H2: second
harvest and H3: third harvest
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Figure 4- Interaction effect of cultivar x different harvests on essential oil yield of sweet basil cultivars (DMRT, p<0.05)
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Figure 5- The effect of different levels of nitrogen fertilizer on essential oil yield of sweet basil (DMRT, p<0.05)
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Figure 10- Interaction effect of cultivar xnitrogen fertilizer in different harvest on nitrate rate of sweet basil cultivars
(DMRT, p<0.05)
N1, N2, N3: Control (0 kg ha™* urea), 100 kg ha™ urea, and 200 kg ha™ urea, respectively and H1: first harvest, H2: second
harvest and H3: third harvest
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Introduction: Sweet basil (Ocimum basilicum L.) is one of the oldest spices belongs to the Lamiaceae
family. It is a herbaceous annual plant, which is native to subtropical regions of Asia, Africa, America. Basil is
an important economic crop and widely used in the culinary arts, food processing and pharmaceutical industries.
Nitrogen is one of the most important nutrients for plant production that plays a major role in photosynthetic
activities and crop yield capacity and its availability affects plants growth and biochemical processes. Nitrogen
deficiency is often a limiting factor in vegetable production such as sweet basil. Nitrogen usage significantly can
be increased the herb yield of basil grown in different environmental conditions. The nutritional and
environmental factors are the most important factors for growth of the medicinal plants. In the present research,
changes in yield, nitrate content, essential oil yield and some physiological traits have been investigated in four
cultivars of sweet basil under different levels of nitrogen.

Materials and Methods: A field experiment was carried out in the Agricultural Research Station of
Khorramabad during 2016 growing season. The experimental factors were arranged as a factorial-split-plot in
time experiment based on randomized complete blocks design with three replications. Experimental factors were
cultivars of sweet basil (O.basilicum var Italian Large Leaf. O. basilicum var Mobarakeh, O. basilicum var

Sweet Thai and O. basilicum var Cinnamon) and nitrogen fertilizer (0, 100 and 200 kg ha™ urea) assigned to the
main plots as factorial and different cuttings (three harvests from each plot) considered as sub-plots. The half
amount of nitrogen (as urea; 46% N) was distributed in experimental plots before planting the seeds and the rest
used after the first harvest. Seeds of sweet basil were planted at May, 25" 2016 as five rows with 2m length and
each main plot area was 5 m?. The space between rows was 50 cm. All plots were irrigated immediately after
sowing. Subsequent irrigations were carried out every four days. The control of weeds conducted manually
during the experiment time. The sweet basil plants were harvested three times in early flowering stage in July 12,
August 15 and September 25. Samples of 1 m length were taken from the center of two rows located in the
middle of each plot. Plants were cut from above ground and transferred to the lab for measuring total dry yield.
The measured traits in this study included branches per plant, inflorescences per plant, plant height, leaf
percentage, total dry yield, essential oil yield, chlorophyll a, chlorophyll b, total chlorophyll, carotenoid and
nitrate content. SAS (version 9.1) and MSTAT-C statistical software were used to conduct analysis of variance
(ANOVA) and comparison of means, respectively. The Duncan's multiple range test, at 5% probability level,
was used to rank the differences among means.

Results and Discussion: The results indicated that the application of nitrogen fertilizer significantly
improved all the studied traits. The highest and the lowest essential oil yield belonged to 100 kg ha™ urea and
control, respectively. Nitrogen fertilizer by providing the nitrogen needed for the basil plant during the growing
season provides a favorable environment for the production of further biomass. Total dry weight of the all basil
cultivars increased with application of nitrogen fertilizer in all harvests. The highest total dry weight and nitrate
concentrations were achieved by Italian largel cultivar with application of 200 kg ha™ urea in the second harvest.
The increment in total dry weight of basil by application of nitrogen fertilizer could be attributed to the
increment in chlorophyll content and better growth of plants and subsequently the better canopy development
which ultimately leads to the better usage of solar irradiance, higher photosynthesis and finally higher dry weight
in basil plants. Application of nitrogen chemical fertilizer could increase essential oil yield of sweet basil, mainly
due to the increasing of total dry weight.
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Among basil cultivars, Italian large leaf cultivar had the highest leaf percentage and essential oil yield
compared to the other cultivars. The lowest number of branches per plant, number of inflorescences per plant,
leaf percentage, essential oil yield and total chlorophyll belonged to Mobarakeh cultivar. All the evaluated
parameters were lower than the first harvest except leaf percentage and chlorophyll content.

Conclusion: According to the results, application of nitrogen fertilizer had a positive effect on growth, and
consequently led to increase the plant vegetative yield. Due to the fact that in terms of more of the studied traits
there was no significant difference between application of 100 and 200 kg ha™ urea fertilizer and also reduce the
consumption of chemical fertilizers generating pollution, Italian large leaf cultivar and application of 100 kg ha™
urea are recommended to access an acceptable growth and quantitative and qualitative yield in sweet basil under
the environmental conditions similar to Khorramabad.
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