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Table 2- Analysis of variance (mean of squares) of vegetative characteristics of green basil affected as fulvic acid and NPK

treatments
@ Lyl Gy yog ek gy Spsls eSS oG g
O s 23l PR e % r oM # 029 - Lateral branch %~
SOV, &35l Plant Plant fresh Plant dry Number of number Lateral branch
df height weight weight leaves per plant length
Sk 2 1.44™ 28551.6™ 5758.9™ 3.00™ 0.59™ 0.45"
Block
J’;‘;I’f 2 34211% 722935 21857.4™ 881.44™ 8.25™ 1.37
Sglgh S 2 82.11" 141437 26418.5™ 232.44™ 38.03" 0.39"
Fulvic acid
Jo 398 X Sogob el 10.55™ 58286.7" 10485.1" 97.55™ 7.20™ 0.89™
Fulvic acid X NPK
s 16 1.69 15722 3200.8 8.16 1.13 0.57
Error
Sl gy 2.99 6.48 14.22 2.30 7.87 4.64
CV(%)
oy iy Sy Jlein] o )3 (6)l3dne g 6y gme pE iy K 9 *F NS

ns, ** and *: represent non- significant at 1 and 5% probability level of probability, respectively.
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Table 3- Analysis of variance (mean of squares) of vegetative characteristics of green basil affected as fulvic acid and NPK

treatments
oy s g i . = . = . - . = ae L a8lw ,h3
(U7 JUVE 1iF 31V &3l asyy dBlw y3 0,5 dlaws 8,5 e dlold Sy P05 Sy A 39 Stern
Source of variance d.f Number of nodes Internode spaced  Fresh leaf weight ~ Leaf dry weight diameter
S 2 0.70™ 0.023"™ 0.0005™ 0.00007" 0.08™
Block
S 2 2 2.92 0.021™ 0.0007™ 0.00004™ 2.40”
NPK
Saglh 2 1.81™ 0.24™ 0.0006"™ 0.0001" 2.90”
Fulvic acid
% .
S 255 Salsh 4 1.42" 0.05™ 0.0005"™ 0.00001" 0.11™
Fulvic acid X NPK
(e 16 0.74 0.23 0.0004 0.00003 0.18
Error
oS 0 9.17 10.45 7.54 13.19 8.42
CV (%)
oy iy 9 S Jloinl paws )3 gyl gae g (4yB s i i e T 5T NS
ns, ** and *: represent non- significant at 1 and 5% probability level of probability, respectively.
o 3oty (ortgy o g2 JolS 395 cilibee SWCLLE 83l 3T (5o dumalio 4 Jgan
Table 4- Mean comparisons for the effects of NPK concentrations on vegetative characteristics of green basil
. e = .y ol ad L Slas 30,5 slaxy
Jol5 25 Sor sl | . &g SWiA (439 ,:Jﬁaim"-”"' dl kb Hor
NPK SR E® ©9 P 039 Plant dry & w9 Stem “9
Plant height Plant freshweight  weight(g.m?) * Laterals branch gj Number of
(Per 2 gnt(g. Leaves No. diameter
thousand) (cm) (9.m™) lant number. (mm) nodes,
p plant plant™
0 36.55°" 1618.83° 352.22° 114.11° 12.66° 457° 8.77°
3 45.33° 2018.33" 392.61° 123.33° 13.33° 5.00° 9.55®
6 48.44° 2166.83" 450.28* 133.88° 14.55 5.48" 9.88"

)85 Sl (glataly s 90T bl U5 Jlais] aws )3 (o3 sme GBI ygis y2 )3 ailiio gy *
*Similar letters in each column vas not significant at 5% probability level based on DMRT.

e oy iy Clhio p Sglgd dl LS DS 0l 1 (pSbe dwlie =5 Joua
Tables 5- Mean comparisons for the effect of fulvic acid concentrations on qualitative characteristics of green basil

S gl AL dlaxi bl yhad

Sgdgd ael gy g5 U P iy We S G i . i St 8,5 o dlold
Fulvic acid Plant Plant fresh Plant dry el 510 0 di em Internode
(kg.ha'®) height (cm)  weight (g.m?)  weight (gm?)  Leaves No. Laterals lameter oo ce (cm)
plant? number.plant? (mm)
0 40.11° 1847.17° 350.89° 120.00° 12.22° 4.60° 4.43°
5 44.22° 1878.50° 386.83° 121.77° 12.44° 4.79° 4,74
10 46.00° 2078.33* 457.39° 129.55° 15.88% 5.67° 4,68

)85 oSl (glataly s 05T bl U5 Jlais] aws )3 (oI5 sme BMB] ygis y2 )3 Ao gy *
* Similar letters in each column vas not significant at 5% probability level based on DMRT.
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0 9oy (ohag) Ol Sylgh sl 9 Jol8 355 ilitSeo gl (S o252 =6 Jgu
Table 6- Interactive effects of NPK and fulvic acid on qualitative characteristics of green basil

J&i;’i Siglgd gl gy i) Syt 5 039 Sy S oz P S » ‘_,\,t,:,u e
(In Fulvic a_(lzld Plant height  Plant fresr]zwelght Plant dry_\zfvelght &g _ Lat esl)lal
thousand) (kg-ha™) (cm) (@™ (@m?) Leaf.plant* number.plant™
0 0 31.33" 1441.8° 259.50° 111.00° 10.33°
0 5 38.00" 1655.7™ 321.33" 113.66" 14.00%°
0 10 40.33° 1759.00° 475.83° 117.66° 15.00%°
3 0 44,33 2103.2° 394.50° 118.00° 11.33°
3 5 45.00° 1771.3° 355.33" 116.00% 11.00°
3 10 46.66" 2180.5° 428.00° 135.00° 16.33°
6 0 44,66 2089.5° 398.67%° 136.00° 14.33"
6 5 49.66° 2115.5° 468.33° 130.33" 13.00%
6 10 51.00° 2295.5° 483.83° 136.33® 16.33°

55 SOb (elaely win 905l D Jlois] o (3 ()b dxe BB gt b 50 i g *

* Similar letters in each column vas not significant at 5% probability level based on DMRT.

23,5 &b i (g alEl cage sk nl I Nl o0 g S
2 Seglgh el 9 NPK LIS 558 lizo 51 s o5 gl
J9i2) 392 Bgme 2o S Jloinl a3 by 5 Sos 50
L (gmyie 5o S5k 0/28) ails o Shas 55 (38l 3 stes (8
9 Suglsd Al JUSa 53 S 5LS gy g JalS35S Jlim 53 a8
4t bgye (apeste 3 p)SokS O/11) b 5 Slos lje 0508
o o (e Ao l5 iz L1 J3) 332 20l
olel o gime gl S g)g sl S 3 2,55k 10 2 sles
A GRS ) gl ool @l altie (10 Jpz) ctly g2
alli b oS (g, (Kumar et al., 2015) |, Son g jlogS lawgs
4535 odalie o1 sl (Trigonella foenum- graecum L.)
ol sl 3 2 Sles (g5l ze SINPK JolS 568 55,8 a8
{\Valadabdi et al., 2007) l,LSen g (camedlg alaly ol )
a3 5 48l Gl Al dnag b Gpan b 638 s
A5y Giolisl caw 095 4 cunl odd ke el g Ol Lls
3yShes lidl 53 e )3 g Canl 0ad g DS g (ag)
Yildirimet al., ) o,LSen g maydb e 23k o She 4l
S phdngS cladig 1D Suagan dlge 3,8 a8 widh L5 (2007
ole aid g LSy b Lili 8l gl ixe jo by |y aily 5 Slas
T olge 5,0)LS a8 il kbl (Vegan & Linhan, 2004)
Lo el g dile SOl LS 5 29 g cdedy sl S5lo8 (5ol
290 4l 3 Slos (I3l s iy 5 W] dadiasl gisl

Sy b 485 g0 ey oialeil onl @l 4l
sladgS cute i85 4 3 (Sabzevari et al., 2003) . )\Sen o
.l o)Ll (Triticum aestivum L.) puS &b sl (Sogud
Slao 5,)lS Ly caS 0 by @65 0yl pol ol e (glaalllas
sl ol g 043 e olS A cpolic il Jljdl g (Ssagen
b35S0k il (i cad B &S 35800 5S35
Galuta et ) 1ol o Ll aig y> ails sl ases > wled 43is
(al., 2007

Dz s NPK IS 35 5,015 il 0555 Jpio 3o
a3l olouy b e s w6 )bisine 5 lajles lite 51
392 18U o ol el Saglgd 08 &8 s 3
bl 035 ot O QUi e sSile auglie gl (T Joa2)
b i iy oS g oS 358 a3 i e 3l (p,S1/6)
sl JolS 255 318 48 ygbots 292 anl & b0 (p,S1/4)
29 Jgto) 15 salid 4 s 4 Jlin 559 oy 1314 21381
Naderi Brujerdi & ) Jis g £3y29m 5,00 gols ol
Lags ash Jhin 39 0 (2losd (slodgS" 8 yme (Madani, 2014
G=id ol lo b &S 29y b size (Hyssopus officinalis L.)
15,5 ol (Leithy et al., 2006) ())\San 5 (2 .3, cillae
lac e 3 jid 5 sy red i yols oS olag
9 e (gopid )l (oot i LS (plerdon 9 (STol 50
g a8l 5 Ay 35 s polie ol 4 (LS S ke
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8 5l cov ) olS Sojlan 3,8kes oSy 2y 5l polic )
RV

S8 5l (1011) sl p (asli cp i oh olis blize il il
J5Sa 53 0SS s 5 S 355 58 55 ) s clajen o
Joas) ael ccsass salis 5 (15/3) o o 5inS 5 (Soglgd Al
39S 5,,LS (Aghhavani Shajari et al., 2015) L Sen
ol 48 s il sl S cuby pasls p olews
A g (59,55 355 3 )8 A 3 ety el il
4 ole e Jlasl ol dl s olS adss jud Jolaie cdeds Llgs o
3 oials-30.(Jami Al Ahmadi et al., 2006) wsb il Gisw
Olaseo 3 1y Soolgiy il )gl_, Cood bbby jadll e
plg> Ll coly (Seogd SLS 5 B puas 45 55 dgi 451y
2Ry Gk SFgd dge pol (] 45 390 (oo Sy o
G 51y iy aSLs bl e 45 1S o wal laails
o=l (Khanetal., 2008) aas (yioli8l 4l Y 559 ials8l
4028 olese (Naderi et al., 2002) |)Sen § 506 jogad
242y JB Gl Cow S g8 dl able (Siagen dlge B yuae
ol 605 yd 5 pAS Cubldyy asld g il 5 Slas

) g sttt LilsEl Lols bl e 6l 5,Sles ilsél ol o
ol 15l g gersn salled (b oL 5 9 S ol
v

iy Jis) o 3 Saglgh ol s NPK oIS 555 5 0
L8 Jgin) ob olis (o)l e 5l g0 3, Shoe ljae 0 oy
Gy 38 o Yot odly Jlite Gl | ol s 4 oy
5 JolS 368 i )3 (b Bl Jlas 3l (@00 0 p S5k 2/29)
1/44) 5, Slae jsa 505 9 Saglgd duasl 1S 3 2,5 ks 10
Jyicz) 2] Causiy (355 5,05 pac) 12l 5 (i 2 5o
OhlSen 5 s Gl odimgy 3 ol 3w alite (11
JolS 368 3,8 wisls L (Aghhavani Shajari et al., 2015)
(Moradi, 2015) (lys .3ls (iulidl 1) jiS So5g)gm 5,Slas
5 &l pre ol GRll L ol 4l dnwg slaady) wush bl
il Sl 5 i Gl & (9 ohga (alie polis
oS (Seislgn 3,8os ccund S50 008 g bl)ang Secniy
Ruzbahani etal., ) o))Sen 5 Slajsy Cuiapd 23 00 (i3]
Glycine Lgw 459 5,Sdes p (Seogud dlgo (51 L3l -,Lis (2013
9 8L e opl ) sl Liol58l aals b dwslée j» (max L)
Slgo By una 45 AS3g05 lgic (Naderi et al., 2002) Ko
B b Sl 1 el )3 (g9 5 ol gy Jdosy (Ssagen

JolS' 2 lionnidgs 5 Sugld sl S )lowd 5l o s (o (oalalj Olhio (Slar o (0Sile) il ylg 2325 -7 Jgi
Table 7- Analysis of variance (mean of squares) of reproductive characteristics of green basil affected as fulvic acid and NPK

treatments
e 1. i A 4> J5 dlasy s Ags 4> ydu dlasd e g
e é’h e ileo)mir of S5 Job Ig\leljmf)e'r of s 5 0’.9
Source of variance d.f flower per plant Flower length seeds per plant 1000-seed weight
Ssh 2 0.11" 0.77 6873.92" 0.002"
Block
S 355 2 2.33" 1.33% 111683.59"™ 0.077"
NPK ' ' ' '
Seglsd el 2 1.33" 0.11" 1844212.70™ 0.006™
Fulvic acid
JolS 295 S5l 4 0.66™ 0.61" 101797037 0.065™
Fulvic acid x NPK
s 16 0.61 0.73 58665.25 0.004
Error
e 5.33 4.04 8.53 4.46
CV(%)

o> gy 5 Sy Jloinl daw 3 (5 gne 5 )BirenE ua g *F NS
ns, ** and *: represent non- significant at 1 and 5% probability level of probability, respectively.
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JolS sz lionalogs 9 Saglgd sl (S jlond 5T b jauw olomy ) (oltl; Slheo (Slas o (i) il jlg 425265 -8 Sy
Table 8- Analysis of variance (mean of squares) of reproductive characteristics of green basil affected as fulvic acid and NPK

treatments
CHJUVES JF 1Y &3l ds Caild 31 o L FROFJCPYS S95909m 3 Shos
Source of variance d.f Harvest index Seed yield Biological yield
Sk 2 0.37™ 2,6 0.028"
Block
aid 2 30.42" 0.02" 0.72"
NPK
Sl ] 2 488 0.002” 0.14™
Fulvic acid
JolS 355 X Saglsd s 4 5.95” 0.004™ 0.05"
Fulvic acid X NPK
s 16 0.49 0.0002 0.01
Error
Sl 2 7.76 7.12 6.48
CV(%)

o) gy 9 S Jleisl a3 (Gl me g 6y nent i ga F 9 FF S

ns, ** and *: represent non- significant at 1 and 5% probability level of probability, respectively.

o 1y ol Slhao 2 JolS oploonad 358 ilise (SCAIE 03l 31 (5ilee Aunylia =9 Jgo
Table 9- Mean comparisons for the effects of NPK concentrations on reproductive characteristics of green basil

Jol5 25 oy 45 S dlaws R S S PR pa g Shes .
A gy o e 00 LS S g g md
0 14.11° 1.41° 7.17° 0.15° 1.61°
3 15.22° 1.52° 10.84° 0.26° 2.01°
6 14.88° 1.60° 9.15° 0.22° 2.16°

)85 Sl (glataly sin 90T bl U5 Jlais] aws )3 (oI5 sixe MBI ygis y2 )3 diliio gy *
* Similar letters in each column vas not significant at 5% probability level based on DMRT.

e by il Olho 51 SUged sl BliSe (RIS 83lw BT pSile dwulie =10 Joua
Tables 10- Mean comparisons for the effects of fulvic acid concentrations on reproductive characteristics of green basil

Sugld apd il alag  poWS O S aSlas  Syjalen 3,5es
Fulvic acid Number of h;ggjls)eregf Coslo Seed yield Biological
(kg.ha™) flower ol anri F:ﬁ("j‘éiSt (kg.m?) yield (kg.m™)
0 14.22> 2335.2° 8.33° 0.19° 1.84°
5 14.77% 2966.44° 9.80° 0.22° 1.87°
10 15.22% 3212.9° 9.03° 0.22° 2.07°

L, 5SSl glaels sy g0l el 1 YD o jd (g I3 sxe BMB] g yo )3 i g s ¥
* Similar letters in each column vas not significant at 5% probability level based on DMRT.
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o sy oty Mo p1 gl uanl g Jol 358 cilisie 2 ghans (HiSod 52 (5iile dunyle =11 Jgu
Tables 11- Mean comparisons for interactive effects of NPK and fulvic acid on reproductive characteristics of green basil

B35 Saggbanl G 3 aeolas W i3 AoSles Sy 5,Shas

Cwdld 3L
NPK Fulvicacid  Number of seeds 1000-seed Harvgtﬁex Grain yield Biologicalzyield
(inthousand)  (kg.ha®) per plant weight (g) (kg.m?) (kg.m?
0 0 1938° 0.94° 5.31° 0.11° 1.44°
0 5 2794°° 1.45° 9.71* 0.15° 1.65™
0 10 2396° 1.56° 6.48° 0.19° 1.75°
3 0 3523 1.52% 10.75% 0.20° 2.10°
3 5 3871° 1.45° 11.01% 0.28 1.77°
3 10 3018° 1.59% 10.77% 0.24° 2.18*
6 0 2528 1.68° 8.66" 0.22° 2.08*
6 5 2340° 1.66° 8.94° 0.26* 2.11°
6 10 3654° 1.46° 9.86 0.26* 2.29°

L5 Sl glaely ix g05] Muoyd i grdaw 5D (6 b dme MBI gt o 4> i g
*Similar letters in each column vas not significant at 5% probability level based on DMRT.

il co dlivsd 5 (eSS Clddss 4 L cdlncSy sl & 35 Ao
oads ;55 slmdgs Sl o iz b (bl cpl 3 & ol 365 5 o3l &S 395 o 51 S Baid ol ol LIS jsbosy
el ol @l eSS jglaton W) cad S )8 oy 250 Soe sl Rl Cpyody 5 e 4 Syglsd gl 5 JolS
b > Saglgd el g JolS 098 ko plo 2980 ey g by sl 40l by (603, 5 Sujslan 0,Skes
or Oy 3Skes 5 g0y o Shy p 55 slagiesk G NPK oIS 365 i 53 (ad jlesd ol coiabe)l ol s
e DIl Gl oles e 1y Soglgdanl Sa 53 0 55Ls 10

O_.).I @L) J.ub dl)’. UJS dgad duogl L’)l’%) (_sig)b ol >, Slas
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Introduction

Basil (Ocimum basilicum) is an herbaceous medicinal plant from the Lamiaceae family with a wide range of
applications in culinary, cosmetic, food, perfumery and medical industries. The presence of more than 200 chemicals
includes flavonoids, monoterpenes, sesquiterpenes, triterpenes and aromatic compounds in basil oil have been
identified. The main components of its oil are eugenol, methyleugenol, linalool, estragole and anethole, varying by
chemotype. Basil is one of the most important medicinal plants in Iran, which is widely used in various industries
including pharmaceuticals, cosmetics, sanitary and food industries, and it is considered as an anti-fluff and appetizer in
traditional medicine. Therefore, in order to maximize yield and increase the length of the basil production period, the
appropriate management of this product is necessary. Among which the use of suitable nutritional elements is one of the
useful ways to improve the performance of this plant. Therefore, the purpose of this study was to evaluate the effects of
different levels of NPK fertilizer and fulvic acid, and their interaction on vegetative, reproductive growth and yield of
Basil's medicinal plant.

Materials and Methods

In this study, the effects of applications of fulvic acid and NPK fertilizer on yield and growth characteristics of basil
were evaluated under field conditions. Treatments were three levels of NPK fertilizer (0, 3 and 6 per thousand) and
three levels of fulvic acid (0, 5 and 10 kg.ha™). The experiment was designed as factorial arrangement based on
randomized complete block design with three replications at the research station of Faculty of Agriculture University of
Birjand durln(_% growing season of 2017. The measured indices |nclud|n9 vegetative characteristics (plant height, laterals
number.plant™, plant weight (g.m?), leaf weight(g), leaves No.plant™) and reproductive characteristics (grain yield,
1000-seed Welght seed number, biological yield and harvest index). Finally, the experimental data were statistically
analyzed using SAS program ver. 9.2 and means were separated Duncan multiple test at 5% probability level of
probability.

Results and Discussion

The results showed that NPK fertilizer had a significant effect on vegetatlve characteristics (plant height, fresh and dry
weight of plant (g.m?), Iateral number per plant and leaves No.plant™), so that the highest plant height and biological
yield (48.4 cm and 2.16 kg.m, respectively) were obtained with application of six per thousand of NPK fertilizer. The
results showed that NPK fertlllzer had significant effect on 1000-seed weight. The highest 1000-seed weight (1.6 g) was
obtained at six per thousand of NPK fertilizer, and the lowest of 1000- seed weight, (1.4 g) was observed in the control.
Fulvic acid affected vegetative characterlstlcs (plant height and laterals number per plant), so that the hlghest plant
height and laterals number.plant™ (46.0 cm and 15.88 per plant) was obtained with the application of 10 kg.ha™ fulvic
acid treatment. Also, the results showed a significant effect of fulvic acid on reproductive characteristics (plant weight
(g.m 2) 1000- seed weight (g)). The highest leaves No.plant™ (129.5) and 1000- seed Welght (1.5g) were obtained at 10
kg .ha™ fulvic acid, and the lowest of plant weight, 1000 seed weight were observed in the control The interactions
showed that the highest biological yield (2.29 kg.m?) and plant dry weight (483.83 g.m?) were obtained from
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treatment at six per thousand of NPK fertilizer and 10 kg.ha™ fulvic acid and the lowest amounts (1.44 kg.m? and
259.5 g.m*) was obtained from control.

Conclusion

The results of this study showed that fulvic acid and NPK fertilizer had significant effect on yield and growth
characteristics of basil. Thus, results showed that fulvic acid (10 kg.ha™) and NPK fertilizer (six per thousand) had
strong impact on yield and growth characteristics of basil under field conditions.
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