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Introduction

Marigold (Calendula officinalis) is an herbaceous plant belonging to the family Asteraceae. C. officinalis is
always one of the most widely used medicinal plants and is widely cultivated for its extract in traditional and
herbal medicine especially in Iran. Marigold extract has medicinal effects such as wound healing, anti-
inflammatory, antibacterial, immune stimulating, anti-tumor and anti-AIDS. To achieve the higher yield and

quality in this plant, it’s necessary to have enough nutrition. Fulvic acid stimulates plant metabolism, increases
enzyme activity as a catalyst in plant respiration, and increases nutrient efficiency and cell pore permeability. On

the other hand, triacanthanol is a type of alcohol with a 30-carbon chain and is found naturally in plant
epicotyledonous waxes. The use of triacanthanol increases plant dry weight and reduces the content of sugar,
amino acids and protein.

Materials and Methods

In order to evaluate the effect of fulvic acid and triacantanol and their interactions on some characteristics of
C. officinalis, a factorial experiment with 16 treatments and 3 replications was conducted at greenhouse.
Experimental treatments consisted of four levels of fulvic acid (0, 0.5, 1, 2 mg / I) as the first factor and four
levels of triacantanol (0, 105, 5.5x10, 10 M) as the second factor. Treatments were sprayed on the plant three
times in the form of foliar spray. Physiological factors were measured during the growing season and after
applying the treatments. Finally, at the end of the growing season, plants were sampled to measure the
parameters. Yield and fresh and dry weight (at flowering stage and in the form of fully opened flowers), shoot
height with a ruler, number of leaves and leaf area were measured with a leaf gauge. Number of flowers by
counting the number of flowers from the time of the first flower to the end of the experiment without taking into
account the unopened buds, the time required for flowering (early flowering, late flowering) in terms of days by
noting the date of the day At the time of emergence, the first flower in each treatment was examined. Acetone at
100% was used to measure photosynthetic pigments (chlorophyll a, chlorophyll b, total chlorophyll and
carotenoids) and their absorption was measured at 470, 644.8 and 661.6 nm by spectrophotemeter. The
measurement of total phenol was performed using a covalent folate reagent in the absorption spectrum of 765 nm
in a spectrophotometer. The flavonoid content of all extracts was measured by aluminum chloride colorimetric
method. The absorbance of the samples was read at 415 nm by spectrophotometer. Quercetin was used as the
standard to obtain the calibration curve. The flavonoid content of the samples was reported as mg quercetin per
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100 g fresh plant weight. DPPH free radical scavenger was used to measure antioxidant activity. The absorbance
of the samples was read at 517 nm using a spectrophotometer.
Results and Discussion

Based on the results of this study, it was observed that the foliar application of 10-4 M triacantanol led to an
increase in flower yield, leaf area, fresh weight, dry weight, number of flowers, flower height, antioxidant
activity, and flavonoid content. On the other hand, the application of 10-5 M triacantanol increased the
percentage of evergreen dry matter and phenol content more than the other concentrations. Among the different
concentrations of fulvic acid tested, the concentration of 2 mg/l showed the greatest positive impact on the
number of leaves, leaf area, fresh weight, dry weight, dry matter percentage, antioxidant activity, and total
flavonoid content. Overall, the application of 10-4 M triacantanol and 2 mg/l fulvic acid as a leaf treatment
significantly improved most of the measured traits in comparison to the control treatment. It is worth noting that
plants treated with 2 mg/l fulvic acid flowered later than the other treatments, and there was a significant
interaction between triacanthanol and fulvic acid on flower yield and height.

Conclusion

The results of this study in response to the use of the triacantanol and fulvic acid indicate that the use of
these two compounds in foliar spraying can be very useful to achieve sustainable production and achieve organic
farming. Triacanthanol promotes growth by regulating many of the genes involved in photosynthesis The use of
fulvic acid increases the permeability of the cell membrane and better penetration of nutrients from the
membrane. Also, soil permeability to nitrogen uptake increases by plant roots.

Keywords: Antioxidant activity, Flavonoid, Spraying, Yield



SLEl pole 4yt

https://jhs.um.ac.ir

LA

d"'.:'hﬁ}»’: Jlae
VIV-IVA o 80 Sl ) esled OV s

5 lord gm Sl g S 5 JSEISL 5 Osas 00 5 S P dewl 3L s 5T

(Calendula officinalis) lg adimes J8 09,05 olS o350 510 5 K56 90 50

‘"&',Lh.a PR —* bl e.:l};.\.ﬁ L ™ _‘&53’: 49_5.9\.3 e.>|)' ‘533 4l
\fﬂ/\'/'b:g;é(.l)s'ca_)ls
VBN 1 SS5L sl

daS>

B > Joy5i5 50 0 olefl e aon oS fla g S ool Mite 31 5 SIS 5 deuleSoglgs 5 i) plaie o
() 3 18 e ¥ ) 10 i) 2yl Sol s o Job o] sl 0 plol 4SS 5 S5 5 s VP L ol Sl
2 S sdsbre Sgo ds lajleg idgs pgd )56 lyis 4y (Yge) T /OXV T N7 Gao) o Hlaz 5> SISl g gl )58 lsis
4")_3..)TJ_§ 5y Sas ialidl el Yoo Vo™ gl 5 Sy 0,08 Limgss opl 4 ool Cawd & b olel 00 pldl ol 69y Cug dw
Oy JPL 5 Ve Vo clale b 3] IS A5939M8 50 g (SlaaST 5T cdled oS Jgbo (3l J5 dlaws « K g 5 (59 oSy prbaw
Sy o 1y 531 o s odlo opl del Sglgd yid 13 2,5 e 90 cldale 5,8 ol iol58l aedale plu 5l i ) S Jgid g i3 oole oy
Yoo VoT808 ool y 5l ggame p3 sl S wSigMb g (SlawnST 5] culled (K odle doyd (SiS g 5 59 oS paw oSy
Sgpe (6l mize yobo a4 dali Hlos 4 o Ty gy () 50 ol (6 S 03lul Glas iST Caly Al Sgled il )3 p)S dio 93 ¢ JeslilSL 5
gLis)) 9 0o il Saglgd x Jplill 5 Jlie g1aioly J5 bjlas ol 51 35503 0l Saglgd yid )3 p35 eo 93 L o jlos plalS iz
92 u_:l )l ool &S U"l )i.:l.u ..\m‘ gi.:9j99 9 Jyl.ul.{b)) 090092 d)..ao L ‘.)‘“519 )2 u,u.ba)i Q"l )l b.\o’l Cawd & C;Lu W )‘J‘;M 4\:}:
A0l dde sl jlop Ao (olendgid Glaogal o3 Slas Gl Caa Slgoe (S (b Jobre Cpgo 4 S5

J5 5o ¢ o3b Jolno ¢ Slanm] T culled casgigMé 1 S saojlg

Sy S obioe g Wgd CulS gamg gaw 52 1L S ()
0550 dlgo liwe 5 CuniS olS b 295 4B S laiy> wlul Jelge
S sl 5l .(Olaniyi and Odedere, 2009) 4S” L és 1) 355
655 S8 egMe (ag)ls QLS )3 0350 dlge iS5 CueS
(Levitt, 1980) 5,5 o ;)3 lawxe balys pib cov cns 4
535y il g aobe 0 Bl BB 5 e la)les )y
ol (6390 St 29)1> GlalS 3 Slos
5l =S Calendula officinalis _ole pU L jlgs diuen
ol yolats &) gy sl &S Cusl 09y (LS (n o)
AZZAZ 81 ) 3 o g Sloyd olS g i by o olas |
Ll U 51 assls S5 ells Jlay adiyan o,las (al., 2007

LYRUFY

My el slagby, Sl ag)ls LS (e a2l 5

Bl Cenl Fla GlalS ol CudS 5 oS Gl can
olelS 5l gl Lals oj9,l (Ashraf and Orooj, 2006)
i b jd 0ad (659l 3 L P yaody aST Miius (g0laidl pps
3 ol el b 3555 o S8 (sxg0 e 9 03l 3590 (130

wiige 9 pole 09,5 lhluiily g iyl il )5 gozmiily i iay =V 5 ¥ o)

o oy Slely

Email: s.alizadeh@tabrizu.ac.ir 2 J ofmn 0w g5 — 3
Foo 0w 99

DOI: 10.22067/jhs.2022.74365.1119


https://
https://
mailto:s.alizadeh@tabrizu.ac.ir
https://doi.org/10.22067/jhs.2022.74365.1119

PEY slar ) oyl PV e (53,9LS aalioo 5 p3le) L pole api VYV

«(Sharma et al., 2002) 13 ¢lgixe 4inlS 4 (and Ries, 1981

= Onooxen (Ries et al., 1982) 545 o piSg s g Juwlgivel
(Kumaravelu et al., 2000) Sy (s jtuwsd ladls&S, (slgixe
{Chen et al., 2003) 5)l> co , 31 Sy Judg S yuiluyeld 4
s B sbar (LS b eaS el Glsie 4 Sl s
Jpllly (JS)gbas adso o 390 |y oS dagi g 1)
il s 5 (Chen et al., 2003) sy oaisS palass Lo ]
S pploiny domd o )5 58U o ]y lalS edplie
s slalasmo )3 aSh (25 oat bl s Jylslsly s
Jgmazme 3y Slos g 00 d9m0 el dd) oA sl lgie 4 5
e i JFEISL 5 2l ) Jl s & 39 e
Borowski and ) cewlai s Hlou, ol S a5, il
Ay o9y cel Jpl ol 5 2 p,LS (Blamowski, 2009
4 byoye slays mabat s 4 ol (San a5 W 35 o, S0
So silolny L as asl Sl us| ol laculd g g
edglis 53 a3l el (ulidl ol g el
39 S (Seidaeied SaCadli I ok 4 sl 5 Siong S
Jplsllly wll sl (Jbs opl b (Naeem et al., 2006)
D s an ol (s 45 Bl oo g Cas yu ol
Houtz et al., ) sl o5y, mo il cuad mabss )5 JololSl 5
Il 3 5,8 a8 wlos,S 335 liiee I eolaws (1985
Conts (ledlgo 5 Ol Gl g s cjiiaogtd 5 Slos 5 13
0 pials alil glaaielil Slgie g el cullad 0
e S gamo 3 1y el Jlb S 5 Jolomo slasiSi
ol il Bas cplpls (Naeem et al., 2011) siso o 390
Slio p Syl 5 g ol Soglod sloyloss b o2 iR

A8l oo o digen JS 0350 3o 9 (S5l b 9 (alendion

W g,y 9 Slge

u;':\,gl_pﬂ 53 odliiwl 3yg0 SIS Hlowd g (Sojud Slasuiin
D9) Jodo ollas

Sl ) e adeen S5 (slalis Lol (talol plosil (sl
gLl 5 YV b 4y (Gl IS 53 (sl ey <85 5l 0
w0dpwgy Mol ol 398 n2 5SS (5l oSy 5 yio 5l WV
(@5 Sl (o)) SBwid oz 5 o3k anle Sy
g cd S plol (iSe L L laglals Jstens b ausls

Hland g h9e95 0 (Sl K928 (681 1S Ol 15 03
.(Butnariu and Coradini, 2012) ¢!

38des iy (o3Lal Jpaze ol ddser (29l olS )
I3 Il a3 S sy » o sl ol il g ol g gl S
lsS @ (Gl (2l Copde g Sl aw doly 3 05,5 (s
5 oS Cgllas w5l Cud 4 Jpame e pSlas o Ll
A5 e Joolss 31 (s s i polis 39uaS I al
DALS M loie dn (g Cute 8L 2,000 slodh 4 plalS
adgod oS olrerdon 9 (Sfglnied sloyialil (lEl ) polis
Al-Badawy et al., ) couwl od (5,135 calise lislojl )5 oo
Gl b e Jydme 3 (Sengen Slge 3,15 (1995
5 @bl Blali—8l (2l polie Cla dge gtwgd cb)l
(IS J5m8) Sl el (l33l 5 Slipobie oo
Bl 5 yes plod (ljl g d9m0 4 i 0 Slos Alj81 s
Allahverdi and Nazari deljoo, ) 13,5 jLey dducd odsp
whie yolie wiojls (65)0liS Y s ame gllas AJgs (2014
S 28 amgo Ml S glgd sl olS (gl il BB g B
oS il )3 538 lsie 4y il b 1581 ol ulis
D133l Jgbw B8le (g pdidgis g (alié polie (LIS 5 28l
g cinans Soladl slao poo 5l slds gosme Al Sglgd Lm0
Jo B Ol po lapH s’ )5 a8 wib o Siileg)] JT (slas!
o) 45 ilan 45 el (S5 slasSlge sl 5 A3b s
olyon a |y (hingy) polic Wl oo g oo olS 3,1y o JsSdga
ol Sogled e Sl @yab auS bl 3)lg olS e I 245
3 33250 (COOH) uuS 305 03,5 soin s 40 o5 el
lhojsy polis ohhan & sl Sygls Sl plome canl ] 5L
= Jgmame coisS 5900 YU o (ool sl e oS
&L e an Sl e L) Job ) dl Sogdgd JL S5 58
G iS5 ol led el 1) oS s ge (sdtesy polis
oL gl o 55 gmm ulplis ol olS L (o0b5 (5,65l
o5 g 5 sk e Gl g rizman i o5 Aozl
|y Jomaee 3,Skas l3ee Jubg S 52 GRal3E b 35 g 00 ok
Jamo Gialjél 5 JS 318 Gal38] Cago ol Siglsh 30 VU
.(Dixon and Weed, 1989) 5,5 .

Medicago sativa .) a>ds oS ;3 Jb gl (gl Joilolsl 5
Jol go5 SN S Joslsl8L 5 (Ries et al., 1982) ui aus’ (L
yo-b 4 g el [CH3 (CH2)2s CH2OH | iy S Y+ 0y 005 L
Slosly lis Sllllas g o Bl olS JoSiieS ol poe 3 (aub
Knowles ) oS s o5 il il el Jplslsh 55 p)l8" as”



WY ebenidsn Oluogas (55 0 JPLBTl )T (19098 3 Sagled sl (LB Jalomo il o)) (0 9 B9z azély 00l &5

ialojl 3y90 S orlonnd 9 (S jud Olasuidio ) Jgi>
Table 1- Physical and chemical characteristics of the tested soil
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Table 2- The Ratio of fulvic acid and triacantanol used in treatments
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