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Morpho-phytochemical changes of echinacea (Echinacea purpurea L.) affection by
salicylic acid and humic acid
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ABSTRACT

In order to evaluate the effect of salicylic acid and humic acid on some morph-phytochemical characteristics of
Echinacea, a factorial experiment was conducted based on randomized complete block design with three replications.
The first Factor was salicylic acid at four levels (0, 100, 200, 400 mgl‘l) and the second factor was humic acid at four
levels (0, 100, 200, 400 mgl™). The results showed that salicylic acid application significantly increased the plant
height, number of lateral branches, leaf relative water content, phenol and flavonoid, also decreased leaf ion leakage.
Humic acid application significantly increased (p< 1) plant height, number of branches, total chlorophyll, leaf relative
water content, phenol and flavonoid content, and decreased leaf ion leakage. The results of the research showed that
the foliar application of 400 mgl™'of salicylic acid with 100 mgl™ of humic acid improved the measured traits.
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Figure 1. Mean comparison interaction effect of salicylic acid and humic acid on plant height of echinacea.
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Figure 3. Mean comparison interaction effect of salicylic acid and humic acid on flower number of echinacea.

Pl p S ke Voo Sl T Sl an 5 sl Singen
a5 s Sl Cilie ol oy g il
(F J5) i osalie S 39)5 5 (5)ls g
o gy il Clled (Ll L Segmad
S Slge 950 o (LS (g7wgid udled il
5 895 5 pesid plal Suglen slaaal 3 o
e polie Qi L (Sagen olge 2 s
ol yigid o Jdg)lS Gl 4 oo (59508 alexr
Delfine ) was oo (ilidl ) ol 3 )b opl 5l g 00l
5 JeblS il b s Sl (et all, 2005
oy Gl Al o g tagd Gl cow oS
Sless 053 Bl 0 Jd )5 Glime (Rl 955 o
Khayyat ef ) ol o0 5155 dml Skl b o0

Aal., 2007

S5 adgigdls
Fl g el Seged iliie pslaw o5 ols Glas b
Sl p wlSeged 5 Sl Sl bl
4o Jlogine wo o S bl a0 U5 anigisdle
Voo cble 5 sl Sl Ve 2l oSy 5k
Gjlosd plo 4 Cond sl Sagen 2l )5 oo
P Sk Ve e g el ) 56 e
S5 asgdle (Rl o 1) 8l i seelSeeges
sl lcdalie 2 badgds (O g cuils
Sl olge oy @ IS jsb 4 o5 wies ol
Ol Gl sy oo Sl 4 wileads aSll Cdlagls]

Sl Siagen bawgi palS SaiSg s
2 kS B3 e s GlP s 4 Wlgh e
APl 4 e 0 a4 &5 Al SV, glacdile
9 obS (shag) 090 Jsbo ralS a0 g jiwgid
a9 Qe o el 4 e jsb (e
Martin-Mex ef al., ) s¢i oo idis S90 nd A5 )0
oSl loosds sl pley S A Seaslls 2000
G @ @ plalS el Sla)ls g sl o o] i
it a3 ety Gl el an gl
Gunes e al., ) cul o0 5, 0aups 5 &l Job < J5
2 U5 Sl cely anl Sl Jle 5,57 2005
&3l JS g0 s (Khurama ef al., 1992) Lo oLS ;o
sl 5 oad iy Bl asan o J5 ol
a5 S 5o JS ohass il el sl Salomdlis
Kumali et al., 1391) o

I Judg ks
&L&mf‘BMLS*A?&MC}JAM sl QL,.; C—’L‘-’
i bl maw 0 aeolSegad g sl el
)...J » ‘D;&.‘o Voo clale 9 KW )‘\)‘5;.&0 M)\)
Sl g la)f&.uo Yoo cble Sl e Il
el gatily L3 S p JS Ldg kS p sl Segun
iz zolaw (pusmen Al (S Ldg kS ioliél
S JS JB9)l5 59y 21y w86 Cpyien apnl g
sladale o 5l aS wad QT ol el g ails
A g e Sk T i sl Sege il



v y3b Cod (Echinacea purpurea L.) J5 )15 1o ol olioniigind 98,90 s 160l y0 g (5985 10 FAS

SlaS 5 51 el Sl (F JS2) 0l Slas ()l
S92 4l oobe (g 4 aS o0g LS o L3
Al (LS gei g ol a0 e B
wols las sieeh o (Wang et al, 1999)
039 Yge J5 ) (J8 SLLS 5 5 s sleogS
ez 00,5 oy 8l (b oluS 5 Gl
oS ol gy el Swgen b (5L Jgle 3
ke 5 plant S5 5 bayss il sl
sls les Sldlas (Bakry ef al., 2013) o iés,
Oliee 5 doyd p aliSe Julse sl Siogn s
55 e olS 5 el ojlas Ld LS
B Jolge 4 (g5 (g0 die) (pl )0 s Fge
ez 5l e ylis ((Saoy o Jelse wib
5355 oLl )l Ll 5 sladss lapias
Sl cllby lej 5 Gow)y Olie uizes

.(Jacopic et al., 2007) & Sgo i3

GlkeSL b 5l sl Sl bug 4l
(_g]f}l? 5..4‘..».,..,5 | (_gLQu'L.;S )| Q",...MS" | Jl.e (_gl.m\.;;
Ververidis ) 09 oo oS Cuglie ioli8l el 5 00,5
Sl pgas o oS Sledbl o S sk (et al., 2007
S92y ShaeeST 51 SLS 5 e 2 Sl Seogen
2 U5 g e o5 ol plas (LS sla b3 sl
5 Rl Ul ogee ey Céyin b ooge 9o (b

(Khan et al., 2003) oyl oo (al381 IS a5959Ml8

J s
5 Sl Sl aliBes Zolaw a5 oy lis ol
2 e U il blite §l g gl Sogen
cls JS 8 Gl a6kl a2l
P B N VO R o SWIRY LIy FLIVR | FACRoe
5 Vo el Saagen Jlite 15 g ol Sagen

St el S e S Vool Sl dle

Salicylic acid x humic acid

S5 s S 39,5 2 dnsl g g vl Sl ilie 51 Silis annglie ¥ IS5

0.06 1 ab a
= 0.05 A
z
2% 0.04
£ &
= %0 0.03 - I
z d 2
£< 002 4 ]
i
0.01 { | ]
g
0 4 v
N N Q Q N N
&N S ® S
QGQ Qy?v ‘233' QX‘ %?’ %?’ %?’
Figure
16
b
o 14 2
= 12 cdb
en
e 10
E 3
=
.g 6
c 4
-
=~ 2
0

4. Mean comparison interaction effect of salicylic acid and humic acid on total chlorophyll of echinacea.

N \] \
S S S

>
N > N
& QX’ QX’ QS’ %Y* %Y’ %Y' Q*QX’ Q*Q\Y’

Q
&

o S o
SN Q

F K F ¥

Salicylic acid x humic acid
55 55508 3 sl S 5 Sl Sl i 51 il dnglie & S5

Figure 5. Mean comparison interaction effect of salicylic acid and humic acid on flavonoid of echinacea.



VE) 5l F 8 Les OF 5,00 ol SLEL psle

[\
wn
S

g-2FW)

%

S
o
%

fi?

—_
(=3
(=]

fi?

Total fenol (m

fi?

fi?

fi?

ey
o

I
o

I

N

LLACT LA
N AT AT AT R LA

TR

"
"

Q

(Z

Q
N

e & & 8 SN N

& N P D PN D )

SR A S S
S
W

Q

Q Q
N ,\3%

P
%

Q Q Q
Q N ,-19

cJY'\ cJY'\ cJY'\ c}g’ N AN A N of

Salicylic acid x humic acid

55 g S 5 sl Senged 5 el Sl Blie 5 ilio alie 5 JS5
Figure 7. Mean comparison interaction effect of salicylic acid and humic acid on total phenol of echinacea.

<l sl s b wise 5,8 L ,Ss Bk 5l 5 S
e Slyiore iali8l o ! oS Caslew (sl
Rahbarian ) ss 5 oo (Sis i5 Lald 0 Sy ol
F peile 4 bxl 5l pies (et al., 2010
bl a0 g Aty SRS 0 Seegeain

(Nasooti ez al.,2010) cusls Ul |, o

SR
P S e e oyl bl J g sl Siagen
FooaS gk ol o e oy S (6 bl maw
2eSuke Voo g sl Sihandle 1 p e S e

g andly 1) 150 o oo b)led s Gl Sogan 2
Voo chale wilonds b Fp S s ialS el

sl S Vo el Sl il 5 s
S i 8l g (S K08 obaw o 50
S Gl A g S ] Se S
a2 plalS ,o 1) (Ser Sl Ol sl Sl
«Senaratna ef al., 1999) sls jals Lyl 4 )3
el Jolowls slanid i b sl Silenddlo 15
e d9d g Jslme ol jaeg S e Sl
2 05 polie Gl ceely apl Sl b e
Fan et ) |, bt gl 99 oo ok o lgps sl

30 59] Cewsds 5 000 0 S 50 (al., 2008

S @l o (g1gixo
5 Sl Sl blite Jl oS g 5k ol Sy
Al e oy S (gykel gl [0 sl g
ORlBl el sl Songe ) pSdee Vet
ool Bl el Sy ol e~ Slgize
A I e a0 S5 (5 kel b o el Sl
Sl Silew b calize lacdale (o S 55k @
st 1 ouite o s eSke T
R I I R e
ol cely ails 1y 86 oy e e slacdale
6&& L oL:f u.;ojl&boﬁ ujf u]w‘s‘}m
ol 5155 ctales] (o (Y JSE) 0l o (aume
Sy ol omd Gy il el ol Sl
ot e 4 s a5 el o i Ll il o puiS
(Agarwal et al., 2005) ool o0l v s
A A D)8 olS Sy 0 1) amE (pes
Ol O Cuie  (Siwaar (Leventtuna et al., 2007)
G olee ) S cughy 5 Sp ol e lyiome
Songadal a5 1> ol Loy, sy slodsS Oras
S plod 5 (Sund Pl dse b )b S
@anails 5 ol b ol dgi gy i slas ol



v y3b Cod (Echinacea purpurea L.) J5 )15 1o ol olioniigind 98,90 s 160l 0 g (5985 10 FAA

2 100 -
X
<
w
Z 95
s 7|  cdb MMNY
3
=
S
- 90
= F]
) i
= i
= i
i
8 85 ]
4 i
¢ ez
h e
) i
o i
i
s i
e
80 i
i
@ R
> ]
i
5 i
i
- R
=] i
]
- 7 5 p ERFFS
é

N
S
Salicylic acid x humic acid)
IS5 s S T s i el Soaget 5 o Kbl lize 51 o Sie sl ¥ IS
Figure 7. Mean comparison interaction effect of salicylic acid and humic acid on the relative water content of leaves
of echinacea.

L
Lo

Leaf ion leakage (%)

S & & & & & 8
S & S

I e R e
N N S N N N @Q D‘QQ D‘QQ

F F F F F F F F &
Salicylic acid x humic acid
s S (S i el Smge 5 Sl Sl Jlie 1 Slee alie A S0
Figure 8. Mean comparison interaction effect of salicylic acid and humic acid on leaf ion leakage of echinacea.

5Py oS (rle bz 0 ) pp S oo Ve
syl o 0 jshien g c0g byled 4y
Lulyds 3o il gy oS idon Ve v Cle ol Seoogen
oSS b Aoy ol b e
Ay oaisS it G gleie a sl SOl
o el oS lp ) e sl ALS
el iy 355 SG Ol dpul Segen g amo
Olple 0gd oAby g oy oLS g adss
B ol S e 0B 9 0 Shee Sl 398 Jaloe
25 S1sbptesn 0 osie dogi 5 ead

5,5 el wlie Slislesl Koo lals

S
Olgre & deulSelondlo (o )15 4 ey cnl 5o
oS gab, Sleogar Wl oo g, S
Pl Sl oS S plee 5w
Sor sl Ll 0
g g M) 2 Sl 5 ) SRS e
o) sledisl ioren 04 b o oS
9 Sl Snger Jale 90 diedgas SIS Sl Gioghy
lhordsindsd g Clogas 5 el Sl dls

Sl eels cel g ooy

53 obel nl gl pelal il oo JS )15 o olS
Cll wons oolitn] dul Saldls sla Lo



VE) 5l F 8 Les OF 5,00 ol SLEL psle

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Abreu, M. E., Munn, S. & Bosch, E. (2008). Salicylic acid may be involved in regulation of drought-
induced leaf senescence in perennials: A case study in field-grown Salvia officinal L. Plant. Environ.
Exp. Bot. 64: 105-112.

Agarwal, S., Sairam, R.K., Srivastava G.C. & Meena, R.C. (2005). Changes in antioxidant enzymes
activity and oxidative stress by abscisic acid and salicylic acid in wheat genotypes. Biologia Plant,
49, 541-550.

Alaei. (2010). The effect of salicylic acid on the stage and after harvest on the physicochemical and
post-harvest life of roses. Ph. D. Thesis, Faculty of Agriculture, University of Tehran, Iran (in Farsi).
Alhwirdi Zadeh. & Alzai Deljou, M. C. (1393). Effect of Humeic on Morphophysiological, Nutrient
Absorption and Umphus Durability of Everest Flower Harvesting in Hydroponic System,
Greenhouse Cultivation. Science and Technology, 142, 18-133. (In Farsi).

Arnon, D. T. (1949). Copper enzymes in isolated chloroplasts polyphenol oxidas in beta vulgaris.
Plant Physiology, 24, 1-15.

Bakry, A. B., Sadak, M. S., Moamen, H. T. & Abd El Lateef, E. M. (2013). Influence of humic acid
and organic fertilizer on growth, chemical constituents, yield and quality of two flax seed cultivars
grown under newly reclaimed sandy soils. International Journal of Academic Research, (5).

Bohnert, H. J. & Jensen, R. G. (1996). Strategies for engineering water-stress tolerance in plants.
Trends in Biotechnology, 14(3), 89-97.

Chang, C. C., Yang, M. H., Wen, H. M. & Chern, J. C. (2002). Estimation of total flavonoid content
in propolis by two complementary colometric methods. Journal of Food and Drug Analysis, 10(3), 3.
Delfine, S., Tognetti, R., Desiderio, E., & Alvino, A. (2005). Effect of foliar application of N and
humic acids on growth and yield of durum wheat. Agronomy for sustainable Development, 25(2),
183-191.

Dhekney, S.A., Ashok, A.D. & Rengasamy, P. (2000). Action of various regulators and floral
preservatives on vase life of cut rose CV. First Red grown under controlled conditions. South India
Horticultural Journal, 48, 69-71.

Fan, M. H., Wang, J. X., Shi, G., Shi L.-N., & Li, R. F. (2008). Salicylic acid and 6-BA effects in
shelf-life improvement of Gerbera jamesonii cut flowers. Marine Science Technology, College of
Zhejiang Ocean University, Zhoushan, Guangdong 316004, China .

Ferrante, A., Tognoni, F., Mensuali-Sodi, A., & Serra, G. (2003). Treatment with thidiazuron for
preventing leaf yellowing in cut tulips and chrysanthemum Acta Horticulturae 624, 357-363.

Fusun, G., Ferit, S., & Sibe, B. (2010). Effects of calcium nitrate and humic acid on pepper
seedlinggrowth under saline condition. Journal of Environmental Biology, 31 (5), 873-876.

Gunes, A., Inal, A., Alpaslan, M., Cicek, N., Guneri, E., Eraslan, F. & Guzelordu, T. (2005). Effects
of exogenously applied salicylic acid on the induction of multiple stress tolerance and mineral
nutrition in maize (Zea mays L.). Archives of Agronomy and Soil Science, 51(6), 687-695.

Gunes, A., Inal, A., Alpaslan, M., Cicek, N., Guneri, E., Eraslan, F. & Guzelordu, T. (2005). Effects
of exogenously applied salicylic acid on the induction of multiple stress tolerance and mineral
nutrition in maize (Zea mays L.). Archives of Agronomy and Soil Science, 51(6), 687-695.

Heidari, M. & Minaei, A. (2014). Effects of drought stress and humic acid application on quantative
yield and content of macro-elements in medical plant borage (Borago officinalis L.). Journal of Plant
Production Research, 21, 167-182. (In Farsi).

Jacopic, J., Colaric, M., Veberic, R., Hudina, M., Solar, A. & Stampar, F. (2007). How much do cultivar
and preparation time influence on phenolics content in walnut liqueur? Food Chemistry, 104(1), 100-5.
Khan, W., Prithiviraj, B. and Smith, D. L. (2003). Photosynthetic responses of corn and soybean to
foliar application of salicylates. Plant Physiology, 160, 485-92.

Khayyat, M., Tafazoli, E., American-Eurasian. (2007). Effect of nitrogen, boron, potassium and zinc
sprays on yield and fruit quality of date palm. Journal of Agriculture & Environvental Sciences, 2
(3), 289-296.

Kamali, M., Sayedah, M., Kharazi, Y., Selahvarzi, A., & Tehranifar, A. (2011) Effect of salicylic
acid on growth and some traits morphophysiological study of Gomphrena globosa L. in salinity
stress conditions. Journal of Horticultural Science, 26 (1), 104-112. (In Farsi).

Leventtuna, A., Kaya, C., Dikiltas, M., Yokos, 1., Burun, B., & Altunlu, H. (2007). Comparative
effects of various salicylic acid derivatives on key growth parameters and some enzyme activities in
salinity stressed maize (Zea maysl) plants. Botany, 39, 787-798.

Martin-Mex, R., Villanueva-Couoh, E., Herrera-Campos, T., & Larque’-Saavedra, A. (2005).
Positive effect of salicylates on the flowering of African violet. Scientia Horticulturae, 103, 499-502.



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

v j3b Cou (Echinacea purpurea L.) J5 )15 po olS olionligind 98,50 5uusS 160l 0 § (5985 0 7.

Najafi, R., & Barzegar, T. (2022). The Effect of foliar spray of different calcium sources on
antioxidant properties and quality of cauliflower (Brassica oleracea cv. botrytis ‘Romanesco’).
Journal of Horticultural Science, 36(3), 577-589. (In Farsi).

Nardi, S., Pizzeghello, D., Muscolo, A., & Vianello, A. (2002) Physiological effects of humic
substances on higher plants. Soil Biology and Biochemistry, 34(11), 1527-1536.

Nasooti Miandoab, R., Samavat, S. & Tehrani, M.M. (2010). Humic acid fertilizer on plants and soil
properties. Food Agriculture, 101, 53-55. (In Farsi)

Omid Beigi, R. (2009). Production and processing of medicinal plants, Volume Four, Astan Quds
Razavi Press and Publishing Institute of Mashhad. (In Farsi).

Rahbarian, P., Afsharmanesh, G. & Shirzadi, M.H. (2010). Effects of drought stress and manure on
relative water content and cell membrane stability in dragonhead (Dracocephalum moldavica). Plant
Ecophysiology, 2(1), 13-19. (In Farsi)

Sajedimehr, M., Haghighi, M., & Mehnatkesh, M. (2022). The Effect of potassium foliar application
on cucumber plants of ‘Miran’ cultivar under drought stress. Journal of Horticultural Science, 36(3),
563-576. (In Farsi).

Senaratna, T., Touchell, D., Bunn, E. & Dixon, K. (2000). Acetyl salicylic acid (Aspirin) and
salicylic acid induce multiple stress tolerance in bean and tomato plants. Plant Growth Regulation,
30(2), 157-161.

Tiirkmen, O., Dursun, A., Turan, M. & Erding, C. (2004). Calcium and humic acid affect seed
germination, growth, and nutrient content of tomato (Lycopersicon esculentum L.) seedlings under
saline soil conditionspp. Acta Agriculture Scandinavica, 7, 168-174.

Weatherley, P. (1950). Studies in the water relations of the cotton plant. I. The field measurement of
water deficits in leaves. New Phytologist, 81-97.

Wojdyto, A., Oszmianski, J. & Czemerys, R. (2007). Antioxidant activity and phenolic compounds
in 32 selected herbs. Food Chemistry, 105(3), 940-949.



