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Abstract

Considering the nutritional and medicinal value of basil, the aim of this study was to investigate the
effect of different concentrations of triacantanol at two different Hoagland concentrations on the growth
characteristics and essential oil percentage of this plant. In this experiment, to achieve the highest biomass
to increase the active ingredient, plants were cultivated hydroponically and application of nutrient solution
was performed with two concentrations of complete Hoagland and half-strength Hoagland, and the elicitor
sodium nitroprusside was used in three concentrations (concentrations of 0, 13 and 26 mg/L), and the yield
of vegetative and physiological traits and the percentage of essential oil were measured. The results of
comparing the average data showed that sodium nitroprusside improved the physiological characteristics
and essential oil percentage when using complete Hoagland in hydroponic cultivation, so that the highest
chlorophyll index, flavonoid and essential oil percentage were obtained in the treatment of 26 mg/L sodium
nitroprusside in complete Hoagland nutrient solution, and the lowest values of these traits were obtained
in conditions without spraying and without using Hoagland nutrient solution. Therefore, with the aim of
increasing the yield and also increasing the essential oil percentage, the use of a concentration of 26 mg/L
sodium nitroprusside is recommended. Considering that the use of complete Hoagland nutrient solution in
hydroponic cultivation conditions improved the physiological characteristics and increased the amount of
essential oil of the plant, which can be economically and pharmacologically justified and can be used to

increase secondary metabolites in basil plants
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Table 1. Nutrient element levels in complete and %-diluted Hoagland solutions (mg/L)

lié polis Jols WilSgn WlSgn V/Y
Nutrient Element Full Hoagland % Hoagland

N 232.6 116.3
K 230 115
Ca 179 89.5

P 24 12

S 113 56.5
Mg 49 245
Fe 3.0 15
Cl 1.8 0.9

B 0.3 0.15
Mn 0.1 0.05
Zn 0.01 0.005
Cu 0.03 0.015
Mo 0.03 0.015
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Table 2- Quantities of salts composing the complete Hoagland nutrient solution.

olus (MQ/L) & gl Jolxo il (MI/L) o Hlade
Compounds Stock Solution Concentration (mg/L) Final Amount (ml/L)
Macronutrients
KH2PO4 135 1
KNOs 101 5
Ca(N03)2 236 5
MgSO4 246 2
Micronutrients
HsBOs 2.86
MnCl. 1.86
ZnSOs 0.22 1
CuSOs4 0.08
HoMoOs4 0.02
Iron Chelate 5 1
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Chl, (mg/g) = [(12.25 X Aggy) — (2.55 X Agss)] X [V/W] ) adal,
Chly, (mg/g) = [(20.31 X Agss) — (491 X Age,)] X [V/W] ¥ alal,
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Table 3: Analysis of variance (ANOVA) of the effects of Hoagland nutrient solution and sodium nitroprusside on
morphological traits of basil

Olay o (Sl
SOV df Mean Square
ool a5l olass hol asle a3 aile Jsb olS 5 039 olS i 59
Branch number  Stem diameter (mm)  Stem length (cm)  Fresh weight (g)  Dry weight (g)
als
” 1 1.389 ns 4.857 ** 105.125 * 2038.457 ** 67.454 **
Hoagland
SNP 2 21.056 ** 0.459 * 15.337 ns 116.693 ns 0.018 ns
SNP x5
> 2 7.389 * 0.080 ns 4.594 ns 100.545 ns 1.687 ns
Hoagland x SNP
e 12 1.111 0.070 13.257 49.769 0.704
Error

TN s o )l S g D e j0 o e il e pf oS 5 s o
*, ** ns : Non-significant, significant at 5% level, and significant at 1% level, respectively.

Oley SQ3eled 90 Glio paslugp gy o g WilSgp (2108 Jolxo J1 il ylg 42 3o ¥ Jguor aolol
Table 3 (continued): Analysis of variance for Hoagland solution and sodium nitroprusside effects
on basil morphological traits
Olaspo (ke
Mean Square

oslo wuo _ _
SOV df .. g J5 gl S 2 el Sy Olans o) 0i9 ady )y Job
Canopy area Leaf area Leaf Root weight ~ Root length
Dry matter (mm2) (mm2) number (9) (cm)
(%)
als s
1 23.619 ** 234324.888 ** 4.440 ns 1263.066 *  214.728 ** 56.003 ns
Hoagland
SNP 2 3.670 ns 77262.816 ** 1.929 ns 433.066 ns 43.806 * 1.167 ns
Jlae il
Hoagland x 2 2.446 ns 25516.254 ns 10.319 ns 88.654 ns 1.776 ns 13.014 ns
SNP
U
£ 12 1.801 7511.321 3.901 137.114 12.233 18.608
rror

TN o 5o s pxe g 0 mhaw jo o S ol g oS 5 4y s S
*,** ns : Non-significant, significant at 5% level, and significant at 1% level, respectively.

WilSgp g walwg p gy i o P Olio (1Sl dumlio :F Jguar
Table 4: Mean comparison of interaction effects between sodium nitroprusside and
Hoagland solution on measured traits

No ailSsn olaé Jelowe clale SNP bk el 4Ly slaw Sl
' Hoagland Solution SNP (mg/L) Mean Lateral Branches
1 Full Hoagland 0 15.6667¢
2 Full Hoagland 13 21.3333¢
3 Full Hoagland 26 20.0000%
4 % Hoagland 0 17.6667°¢
5 Y% Hoagland 13 19.3333%
6 % Hoagland 26 18.3333%
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Table 5: Mean comparison of measured traits under two Hoagland solution concentrations

lasls L . .. S 9 PR VIR
Hoagland GLAS:}LM - 43; S ali - ﬁ” oS Sas G5 JS whaw 55y slas Ay, 5 o
em em res B
Concentration Diameter Length Weight Dry Dry Canopy , Leaf Root Fresh
Weight Matter Area (mm?)  Number Weight (g)
(mm) (cm) @ @ (%)
'?fgg;i)”d 6.039a 42111a  71143a  9020a  12754a  871248a 824458 31058a
1/(25'3%9'3”" 5.000 b 37.278b  49860b  5148b  10463b  6430L6b  65692b  24150b

Slwg g s SRS Y 53 00l (6 S 01l Wlaio (uSSlae dny o :F Jgux
Table 6: Comparison of the mean measured traits at 3 sodium nitroprusside concentrations

SNP cdale kol a3l s g JS o dioy ¥ Ojs
Treatment SNP Concentration Main Stem Total Plant Area Fresh Root
(mg/L) Diameter (mm) (mm2) Weight (g)
1 0 5.2417b 6.2648b 25.2650 b
2 13 7.7950a 8.3110a 30.5617 a
3 26 5.5217 ab 8.1380a 26.9850 ab

1 05T Jld slaaisS (Sailosl Sl 5558 Jlad slaaiss adgi b sulog gy mo obj slacdale Yiazs|
(Jasid et al., 2006) 54 0 oL o, (2alS a5 e g odilis, ol ol (6 yimgid olKiws 4 NN 503,5 Saudd
g i iagtd iged 9w wile Sojelem slacdlad Cosl o (Lol 1 Sde a4 dlg pg s mades 45 s o0 IS @
‘5\@5): B (EI'Tayeb, 2005) Cansl 00 Lgd.m) Slao Ogrde g0 g0 6[.{0‘-@))41 ‘57-)) u.JL’.é ).M.u 9 Lbuy JLA.Q‘
(Yasiretal., ogs adis, 5 )5 5 Sas oole jlade iol38l el wlgs co dulug g s mades 3,35 4S5 el oals 3,155
‘_gl.buﬂ.bj).: C.:L».: (Ye et al, 2019) QS oodlive ‘_}115 S99y .\JL..»B)JB).H.) MM W wo.: 6;0 Qu)‘)f o 2021)
(Mohasseli sgs o 4ol o Slos g o, sloasli (iol;8l el alug g s madw jl eolitul a5 sas o oLis daae
5 Adgigdd 3959 1S Juds IS el 1 Silee ¢ il g 4525 ol wlwl o & Sadeghi, 2019; Brito et al., 2021)
(V' J992) 2wl oo I3 gine dylug g i w9 2l 98 (I3E oo Jlie DI ST 50 el e

Obey SQigde d Glio p wlug pg i o g wdSed (198 Jolxo F1 il ylg a2 ¥ Jgur
Table 7: Analysis of variance (ANOVA) of the effect of Hoagland's solution and sodium nitroprusside on
physiological traits of basil

Olay o (Sl
Ol sk 2o 3137 a0 Mean Square
SHOAY df A5l D J35,l5 5 sl g8 5
Chl-a Chl-b Total Chl Carotenoid Total Phenol
ol
# 1 130.919ns 179.2910ns 729.6570ns 1.525ns 161.039ns
Hoagland
eoes
. ”;K; ok 2 480.960 ns 361.310ns 705.673ns 141.158ns 182.994ns
iz 1
Je 2 564.201ns 2086.006ns 2250.977ns 1002.789* 220.494ns
Hoagland x SNP
s N Ua>
L";’;Ljr 12 779.549 2275.980 3974.822 238.848 169.523

# NS

1Y g 59,0 (g 9 10 gl )3 s (e s (e nd o
*, ** ns : Non-significant, significant at 5% level, and significant at 1% level, respectively.
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Table 7 (continued): Analysis of variance of the effect of Hoagland's solution and sodium nitroprusside on
physiological traits of basil

lay o (ko
O s 2ol o157 4z yo Mean Square
S.0.V df Jedo s sl Adgighld ST 5T cdlad owilol 30
Chlorophyll Index Flavonoids Antioxidant Activity Essential Qil Content
w5
5 1 133.879** 75799.604** 337.759** 0.021**
Hoagland
SNP 2 5.63* 1013.329* 14.705ns 0.004**
e sl
e S 38.232** 7577.775** 71.728ns 0.005**
Hoagland x SNP
oS 12 1.299 159.783 25.442 0.001
Error

TN s o s S g D s j0 o pme Gl e pf oS 5 s S
*, ** ns : Non-significant, significant at 5% level, and significant at 1% level, respectively.
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Table 8: Mean comparison of interaction effects between sodium nitroprusside and Hoagland on physiological

traits
o Iaé Jolmo clalé cdale Judo 5 (sl dgliy,lS AT bl oo
Treatr“nent RUTLIVS SNP Chlorophyll Carotenoid Flavonoid Essential
Hoagland Conc. (mg/L) Index (mglg) (mg/L) oil
1 S sl 0 31.220 28.9637 b 2.9731b 0.12d
Full Hoagland
[LgRvily
2 oS sl 13 36.7667a 57.3548ab 3.4060 a 0.175 bed
Full Hoagland
[CgR¥ily
3 JolS sl 2% 37.3a 61.4116 a 347224 0.225 ab
Full Hoagland
4 Nt 0 31.4233b 50.3636 a 24168 ¢ 0.25a
1/2 Hoagland
Kty
5 V¥ s 13 29.7hc 44,3340 ab 20417 d 0.22 ab
1/2 Hoagland
6 VY silss 2 27.8¢ 45.7791 ab 1.4992 e 0.25a

1/2 Hoagland

wlSse olie Joloee ;5 adsiis IS v by pg s maows 5 9ilS g0 Jlite Dl 2 S0le aslie bl Gulul

Jslome 5l ool o5 el o o el sl Lol 2 g oS oo Y8 lime 4 dylos s i i SilE il L VY
sthie Jglomo 5l oolitl (rrizman 000,5 aal digas ply s gehans b oasnig IS o (2olidl o joeie ol ailSgm ol
dmlis @l 4 azgi b (A Jgo2) 0d Jdg IS (et ls (Al Sl solug 90 o e (1l g JolS wilS9a
Jol5 adS9n alid Jsloe L ool apdas lalS jo L8s,lST (asll clug g s muos cdale I8 L leosls (ke
(A Jg92) <8l ol asgidls (e wlg g yis maw cdale (il 3L ailSsa VY S13e Jokme o (Jg ecdl ol 38l
Loy oS5 S0 ooy g a8l Lol s on Jedg IS a3l Sgat 2 dalovg g i o Soe Sl L BLS ) o
OleST (5T Jole S5 lsie @ wilsi oo oS el (35508 Jled 435S Sy 955 Sy aneST el S ST oaiS
el plie ;o 45 Slacniss, (Asadi sanam et al., 2014) o, o 5l 5 WS (5 9laes | Jld 5nST sloassS

00 )35 Wy (B )0 (e gl w55 g a8 S )15 LROS Gus willys oo 5 aiiS o0 &8 8 Jidg IS
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Sy St 1 (S ailgi e o a5 Sl i (50T 4 0lS whd Sylsg i mades j5d> 50 45 el
e kg o (Beligni and Lamattina, 2000; Fan et al., 2014) aib olS Juds IS slyioe Laa> 1o o]
OreST sladisS b J215 B yb 5l Wl oo dilosg g i muon ;oS L V909 S0n Ve v lacale b olS Lo iy o503
56 owyp mizen (Nasibi and Kalantari, 2010) wib atils sbli> i olaenST 51 slap T @l b Jls
YgegSae Voo g 00 cdale 90 ;o b (LBl Jole a5 olo (las (swgtd sloossSS) » wilugpg s mraw (5L Jolxe
Jlade 0,15 aS Wop o oS GRegh ;500 sladllae o (Arab et al., 2015) sls iol58l 1, Ldg dS wlug gy euow

4 Jole slagnatisn g JedolS 55 5l 6 nSolr L) (59 428 oSy 6rm ahlugng i o oo (oo /)

el olF 50 0T SG i (gl b aylosg pg s s 0,15 (Shehab et al., 2010) s lusl b 4 $5usg, o3
Sgat |y olS 085 AU )0 g dd ) bawg Jame Sl i G,k opl 5l g 0gd e Lie HY- ATPase collas o3l
s ol e ol 1o (giwsis looySS) jiw dsuy ;0 Wil oyl ol g (Palmgren and Harper, 1999) wisu o
Y Glog g s padws 3,5 4o Jald gl o g lS e o yidan &S by olis Arshan et al. (2023) axlae
39 )1 gxe o )d Sy s o (GhaenST (G cdled y plie Jslre 1 haghy (al )0 eizmen ol sty Ve Lo
Jols cdale j5 a5 Il 50 CIVVFY) el Caws 4y ailSen VY cdale jo oS T cdled line o yiien Y Jga)
clle cov SlawsST ool cudled (ialidl p cue (ragh ol Baa slinly o ass () og cNFEA Gl ol 0idS g
g 45 3905 o)1 IS5 (nl 4 plion 8 W59 haw b LS| 50 090 (38 Sl (pu s 5 ailSea Jolone jeS
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4 05 il mhaw jo (L2alS Wi, slml 4y jamie lie Gl jler L olyen VY wilSse olid Jsloes Sl eoliiul oS
oo 53 (g w2l al33) JolS ailSse 136 Jolowe 5 3udgisdle f5en wislog 5,58 acs CALE al33l L oS (5,50
(YY) ohSen s WU LA Jgoo) cdl 2al5 adgiodls oylime wlag g ris maow cale il b alSen VY laé
il 38l el aslisg g s mows it a8 (o Vo a brogeo 40,5 axie] Myrica rubra Seib og.w jo a5 wisls L
(OS5 i Gali el dalg g2 s b Jlo o 0l oLaS 3add (nl eizra 098 o0 (i LS 5 cJlad
Selog s o Yge ooV o () Slaogie (55 absé 45 3,8 155 (Ve V) (), s DUAN 355 oo (oS
Slod 53 6515 59, # 5l (8 S8 3 pliee Bl g Lai reizman g Waogee (nl (oS (5T cdlad Gl el
51l @ g e alex o] 51 aS e slalBas  Soigden Ol lls (b GLLS 5 ol ol 5 ile as 0 YA
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