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Abstract

Plant secondary metabolites are recognized as bioactive and valuable compounds in the pharmaceutical,
food, and cosmetic industries. Limitations in the natural production of these metabolites, along with
ecological risks associated with the overharvesting of medicinal plants, have made the application of
biotechnological approaches, such as plant tissue and cell culture and elicitation of biosynthetic pathways,
a research and industrial necessity. This study aimed to investigate the effects of concentration and
incubation time of green-synthesized copper oxide nanoparticles on oxidative responses and the
accumulation of phenolic and flavonoid compounds in Artemisia annua L. cell suspension cultures. Cells
were treated with three nanoparticle concentrations (0, 20, and 40 ng ml™) for three incubation periods (24,
48, and 72 h), and H:0: content, activities of catalase, ascorbate peroxidase, and guaiacol peroxidase, as
well as total phenolic and flavonoid contents, were quantified. Results demonstrated that 20 pg ml* induced
a controlled increase in H20O:, enhanced catalase and ascorbate peroxidase activities, and led to the highest
accumulation of phenolics and flavonoids at 72 h. Treatment with 40 pg ml™" had a stimulatory effect at
24 h; however, prolonged exposure intensified oxidative stress, resulting in marked reductions in phenolic
and flavonoid contents. The observed patterns suggest that oxidative stress and H.O: accumulation may
contribute to defense responses and regulation of biosynthetic pathways. These findings highlight the
importance of precisely controlling nanoparticle concentration and treatment duration to harness
stimulatory effects while avoiding oxidative damage, and underscore the potential of plant cell culture

systems for secondary metabolite production.

Keywords: Oxidative, Elicitor, Flavonoid, Phenol and Tissue culture.


mailto:Khaldari.i@ut.ac.ir




\'4 Y by osled) 1P+ liwo o oylos ¥ 090 “;bb.f e gln jo dpgh alxo

Artemisia annua L. Jglw ¢y gmmilow g

wixio D)M
oYY

TS (> R SRRV YQM] Juclos! {’*\Lg)l..\lb oleal

Q‘)"‘ ‘C; ‘u‘)’éf olKisls Gx:.».la é.:Lyo 9 6))3Lw5 Bty nul.)L..: C)Lo‘ 9 u.c‘)) 05; )
Ol iz e 165,588 s 5 Ghigel «olihod plele wagir lel B ol i 5 (5505l8S (Bjsel 5 Slagiz 35 e (Y
Q‘J”l h‘s:l.:){-a ‘QLM,.:)? ‘Ska &JL.A 9 Lg))jLM.S rejlﬁ oKiils (Y‘

Jgis 00ius s “ Khaldari.i@ut.ac.ir

VECENVNY c iy ol VECF/ AN - sedl e sl

oS>
g oo aill hulyl 9 IBE (3500 buo yo wiedyl 9 S s GlaS § Glgiear (LS 49l slacaplio
(2ol LS vl clloy (LU (SieleST Wi U ool el (n] (b adsi )0 392g0 Gy Iguxe
9 SRR g pd Sy Ay Grgn S e ST g (BLS Jolw 5 b cllS wiile dil gl j a0, gy T A
2w 994 0ol jiiew (pwo s 539l (ygawlieSSl (yloj 9 cdale Wl o)y Bua b asdllae (ul .Cowl 00,5 oud (Jwwo
ol .o plxil Artemisia annua L. ol ¢ygmuilow gus CuiaS 50 50551900 g Joid WlaS 7 aoxi g guilumns| glagwly
H20:2 oo g S0 o (Sclio VY g FA YF) yawlioSl 0593 du 53 (yid shoo 31 59,500 Fo g Vo o) 0,3956 clalé auw b
Ol s b (g pS eIl udgigdld 9 Jgud 5 (slgie cruiared g STy JoSLE g jlammSTy b jeSwl GYLL glacallas
Crt i 9 1Sy b yeSusl 3 VB codled i3580 H202 oud 5SS l38l e go yid o 31 0559 )50 Yo Clile 4 0o
Lol caold (S asiS' S y25 p1 sl YF 50 &ly3950 yid Luo 9 559,50 Feo b jlod .o sl VY 50 auigighld g b Joid gwxs
SLsSl .0,5 aigighld g b Jeid sleixo azgi bl Jals g suilanuns| A5 wald cel cdile (pl jd Guo Yok Lo
A1 Gl (6 ot gt (G oo i g £ gLagwly 50 Wilgi o0 H202 gozxi g guilimnS| 4icd 45 wdd oo oyLid cuboanlice
25T ol 51 (5 S oder 9 5 om0 I 1 51 (5 S0yt (51 1) Hlowd e 9 Wlydgl CALE 3480 J yiS Canodl Al o] . adly

W20 o0 L 493l slaca gl udgi glp 1) (BLS Jokw ClS g pmaw Cod b g 0S5 o diws

2l S 5 i gl stl gilansT 1 gualS (W03l




doddlo

slacgerme adgi (Ul 15 ilosgs ez yl i 53 Ceodlo e slapllss &l ol 2w jlns 5l @)ls OLS

bl s &l b 6 laS 5 ol (Kelly, 2009) o )ls 1) a5l slactsilin 4 pywse colasl JT ol 5 5l gaie
ol 5 T 5 (213 (gilugls mlio 1o (cae G )y sladine po aSL s o IS 1) (s b slaplls
A ol glis o Sl (il gl glacdplio (alS wlibcas; it 51 .(Kinghorn, 2010) s o L]
Xuand ) sl gt glagias 5 Granld 55 ohlselS dis lom Jelse aloz 5l (gt 5 (st logias
5 G55l 50 S Fse yobar Lagsn i 5 aasglST daasgigdls wiile (Lo 5 4 Wleols (li L i3y (Deng, 2017
Samuelsson, ) ws, oo jledits 3 29yl LS Sloyo (plss Jsiue sob; o> b OlS 5 ool 5 aijige oL sla
Loy, 48 Cowl Lewl o2 g LS, oLS (Asteraceae soslsls 5l (Artemisia annua L.) ey gl 45552004
Hien and ) cool 43,5 )13 oolazwl 5,90 5,0 9 o5 podle b olos lows 6 pXin g oloyd (6l Ll 3,0 iw do o
Moo diylosS lanisisd daaen 3 S8 pes Jold LS 5l 00 ,uS clasgams oL ol 5 (White, 1993
S 5 (Bhakuni et al., 2001) cool oo gl 5eiul e, | g aSsn 5565 ooy il dacy yg0 o Joid LS 3
sobas bVl (ke Hloys (sl Jlad sosle (5 550 lgre 4 3| gams g0 b o yuias )| S A annua Lo
.(de Veris and Dien, 1996) 555 oo Cgumo b Yo 0 (59,10 (Lol pin g ooy a3 5 IS 4y Sl s ;0 00,08
Sl 5 s Sl 3 Sleg 5 e et ol o33l b Yamne gl laclplin ol o
b DSl giane oliie 53 5 SISy w55 lpe alar 31 lpm ol 45 1355 e Sgama e Sl 4 apa
S S0 ,S0g) 41 5L 9 03,5 Sloml (ame Sy g0z ShlS 09)ls lALS gy 0 Bl (e oo et
Ramachandra ) sjle oo ataz o |, Sglie cwdige 5 (2LS il 5 Jolo ciaS slas,gld ,ulas oy Sl 4l 4l
caS byls s legas g L, ol ;o (Rao and Ravishankar, 2002; Robert Verpoorte and Alfermann, 2000
il 00 2lae a5l slacdplio Fimgn Cushl Gl S5e 5308]) Olyed TgileSe 2 (e slagts; il
Slcdnlio 05 b b o 5ger Sl 5 0,5 Jolad (8LS sla b b (s e b (o Jelse T b oS
5 2LS ol S sla ybg, 605 54 3l sleans o (Narayani and Srivastava, 2017) &5l oo Jed |, 4546

ol e b sy JsSUse 5 (Jsho sloylSg5le ) 5 sl glacudplio 6)los adgs Blaal L oS s 5l eslazul

1. Oxidative
2. Elicitation
1. Elicitor



q Y by osled) 1P+ liwo o oylos ¥ 090 “;bb.f e gln jo dpgh alxo

Ao S e il sz Jud lpieas TOL3SE oo Cal o el 428,518 (] Ktagh 00,05 4z 5,50 LS 3
I3 i S5 ol a8 Jlab Ty oL sl (o185 (sl o 5 8 Gl 5 0l o o8 g o s
s o S se Jobo ey (Al o edliis LTl 5 el 5 e planST T gladills ol
gl Gl glrogler 5l (S a5 ool olyen a5l slacplio s Gl L (oo by (ol (KK
g S g olesdgn slaon]d p ol 36l 56 (Lala, 2021) 05 oo Cgmins (dawsre Ol s 0 ol 4,155l
SIS ot tiges (sl ol o Sl 2 bty (s30te Slallle 13 ALS (sla Jsku 53 il slacaly
g s Ol 5 ady s Rede Gl coge ojlponis oS sbalglgl L (Satureja khuzestanica) Sliw;jes o) e
3,346 o o, (Stevia rebaudiana L.) gl sla ywgllS o (Ghorbanpour and Hadian, 2015) a0 5 sau59igMs
«Caralluma tuberculata sl Jslo ;o 3 (Hendawey et al., 2015) o o5 590 g5l yaw Sial38] cow (CuNPS) e
ol s cpl 5l el (Ali et al., 2019) 5,5 S o |, laadsigdlé 5 b wluS 5 adss (Ag NPs) o8 @l )34l
Sl (Sl 5 plention Gl e @ela b g 03,5 Jos Fe oS e (lyisar wiilgise 350 a5 wad e
DTl o Sldsl gz (i Kl a5 (glosgay aies (il 4l slacsbie g @ln 1) 2LS loshe
by oudldll (Splio 5 olodion o) gile (on)p (Ghogn cpl Bas il olS (Splie 5 elbs slaasis
e glin juwen SO 20 5 goilaans| glis gkl S5 Sly ,o (Green CuO NPs) o oS 5w &,340
Oloreds o dunST Sl 3650 2 B ol ooy (oM e ol jo .l AL annua Jekw gnilawges SuiS 50 496
S5red ot 5 205eS Jlub (slodis ags Sl o 51 ok s oS i 55 uliiagil (sl g
S5l (CAT) SYBI ol ST 5T 60l (sloas 35T Cepllad o Sy (o2 03,5 oy (H202) ST,
Qg 5 Ji8 (slyizme b)) 5 gl sl Sy 5l cas Ll lgicas (GPX) jlacsly JsSLE 5 (APX) jlasl,
Gebod (nl 9900 Loty (hoghy Cal hol slaysome Siargill SLoS 5 5 5mse (Sl ye S, ) s0led Glgiear S
S| s 13530 byl Sdplbie Sl 5 sailacS| glis (5luJlad ol (Sion oo LU ol T o 5o
Sl (Sdglio s y3 (2L slo sbo oarlats slo)g5le b))l 5 ()l Sl 5 oy iluaingr lp 1) e

35k

b g, g olge

Mg@a@;iougz\ o Co IS g g 4l Y- QMA)_ZV’ Jobl b Seacas 3l w A. annua s,

2. Nanoparticles (NPs)
3. Reactive oxygen species (ROS)



SET e IY g 50,50 Y sol> (MS) SoSiul 5 Sl g0 il caisS Laos 40 ot ISl Jlade O b gt 450
Qo LSl 100+ g a5 alids, cel V8 ol S il az o YT glos Lulos b cosS (ST a4y 5 s cotS
LMS al Lems 55, 2 ool Gl 5 ol ol 0ellS sl S wlakad jgdy <otS 51 55, VO CuldS I gy i
(Kin (inS s NAA) sl Sl (s 0, slhonisS pulass g5l 5 5jailym Lo aslive 5T 5 5,500 l5e
Y sleo jo 2liwslls Lasme 4y ol Jaie sladigesy ;) calol jo.28,5 slwl 2 o 05 Lo +/0 clale L S j0
285 pl 9, TV Gloj slassle 5o oad oS5 (slaimallS ety s (50 JolST ()b 5 915 o a0
(6 el e YO+ (sl ¢ oaiiS 5 s Ly sl osllS 51, /0 i e ok cppailiogs CuS s jsliie
@laasS welaty 51 525l 50 )5 oo /Y oS 95,0l 5 10 e ST 5l MS aly b 2] L O g5l
L s ;i (55, 9 ol,F ol az )0 YV los j0 «SO,b Lyl i jo S lasme s ¢ Jio Kin g NAA o,
85 plnl S b (30l Bk )59, VY 52 (Job (gmmilingns SuiSly ol (650055 4di85 )3 )93 VT - e
5 sk 0l) Sy e jshate 4l 5 Sen (Jsh CaS lazme 4y (lits Sl Gy g pae STy 50 () JSY)
e 5 0395 5l ool po bashe St (59 6 S o3l Basb 5l sk gamilimgn 355 (Sovie c gy slald s
3l )F il az 0 00 glos jo gl ciS Lae 5l Slo el 5l oolawl b by Joku 0095 Cny ; St (39 Cymnd (5 y 0
S350 b et sy " bl alo o as b Jobos s 51 e oV JS8) ol i 0y (giomie (bl i Sas

(Mohammadi et al., 2021) a5 5 Jlel ciSly cp 31 51 s 083 55, 50 (oSS |

(Artemisia annua L.) & yd oLS (B) Jelw ygmmilwgmw g (A) walls cuis -y JsCis
Figure 1- Callus and Cell Suspension Cultures in Artemisia annua L.

1. Stationary phase
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Figure 2- Growth pattern of Artemisia annua cell biomass over a 20-day culture period
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Figure 3- Effects of different concentrations (0, 20, and 40 pg mL™) of green-synthesized CuO nanoparticles at
different exposure times (24, 48, and 72 h) on H:O: content in Artemisia annua cell suspension cultures. Values are

means of three replicates = SE. Different letters above the columns indicate significant differences at P <0.05
according to Duncan’s multiple range test.
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Figure 4- Effects of different concentrations (0, 20, and 40 pg mL™) of green-synthesized CuO nanoparticles at
different exposure times (24, 48, and 72 h) on catalase activity in Artemisia annua cell suspension cultures. Values

are means of three replicates + SE. Different letters above the columns indicate significant differences at P <0.05
according to Duncan’s multiple range test.
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Figure S- Effects of different concentrations (0, 20, and 40 pg mL™) of green-synthesized CuO nanoparticles at

different exposure times (24, 48, and 72 h) on ascorbate peroxidase activity in Artemisia annua cell suspension
cultures. Values are means of three replicates + SE. Different letters above the columns indicate significant
differences at P <0.05 according to Duncan’s multiple range test.
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Figure 6- Effects of different concentrations (0, 20, and 40 pg mL™") of green-synthesized CuO nanoparticles at

different exposure times (24, 48, and 72 h) on biosynthesis and accumulation of total phenolics content in Artemisia
annua cell suspension cultures. Values are means of three replicates = SE. Different letters above the columns
indicate significant differences at P <(.05 according to Duncan’s multiple range test.
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Figure 7- Effects of different concentrations (0, 20, and 40 pg mL™") of green-synthesized CuO nanoparticles at

different exposure times (24, 48, and 72 h) on biosynthesis and accumulation of total flavonoids content in Artemisia
annua cell suspension cultures. Values are means of three replicates = SE. Different letters above the columns
indicate significant differences at P <(.05 according to Duncan’s multiple range test.
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Abstract

Soil contamination with heavy metals, particularly lead, represents a significant environmental
challenge that reduces plant growth and performance by inducing oxidative stress and disrupting
physiological processes. The present study aimed to investigate the effects of different concentrations (0,
2.5, 5, 7.5, and 10% v/v) of the green seaweed Ulva fasciatal. extract as a natural biostimulant on selected
physiological and biochemical traits of Triticum aestivum under lead stress (0, 15, 45, and 75 ppm). The
experiment was conducted as a factorial arrangement in a completely randomized design with three
replications. The obtained data were subjected to statistical analysis using SAS software, and mean
comparisons were performed using Duncan’s multiple range test at a significance level of P < 0.01.
Treatment with lead nitrate resulted in decreased leaf area, photosynthetic pigment content, and total
protein, along with increased levels of malondialdehyde (MDA), proline, and soluble carbohydrates,
indicating the occurrence of oxidative stress. In contrast, application of the seaweed extract, particularly
at 10% concentration, mitigated the adverse effects of lead and enhanced photosynthetic pigments, total
protein, and the activities of antioxidant enzymes, including catalase, peroxidase, and ascorbate peroxidase.
These findings suggest that the bioactive compounds in the seaweed extract play a crucial role in enhancing
plant tolerance to heavy metal stress through stimulation of the antioxidant system and improvement of
photosynthetic processes. Accordingly, U. fasciata extract can be utilized as an environmentally friendly

biostimulant to improve growth and resistance of crop plants in heavy metal-contaminated soils.

Keywords: Antioxidant enzymes, Proline, Malondialdehyde (MDA) and Biostimulant.
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Figure 1- Comparison of the mean interaction effects of different levels of U. fasciata green algal extract
and lead nitrate on leafarea of wheat seedlings. Columns with the same letter do not have a significant
difference (P < 0.05).
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Figure 2- Comparison of the mean interaction effects of different levels of U. fasciata green algal extract
and lead nitrate on chlorophyll a (A), chlorophyll b (B), Total chlorophyll (C) and carotenoids
(D)contentin the leaves of wheat seedlings. Columns with the same letter do not have a significant
difference (P < 0.05).
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Figure 3- Comparison of the mean interaction effects of different levels of U. fasciata green algal extract
and lead nitrate on proteincontentin the leaves of wheat seedlings. Columns with the same letter do not
have a significant difference (P < 0.05).
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Table 2: The analysis of variance for total soluble carbohydrates, proline, malondialdehyde, catalase,
peroxidase and ascorbate peroxidase enzymes in the leaves of wheat seedlings
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Figure 4- Comparison of the mean interaction effects of different levels of U. fasciata green algal extract
and lead nitrate on carbohydrate (A), proline (B), and malondialdehyde (MDA)(C) contentsin the leaves
of wheat seedlings. Columns with the same letter do not have a significant difference (P < 0.05).
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Figure 5- Comparison of the mean interaction effects of different levels of U. fasciata green algal extract
and lead nitrate on activity of catalase (A), peroxidase (B) and ascorbate peroxidase (C) enzymes in the
leaves of wheat seedlings. Columns with the same letter do not have a significant difference (P < 0.05).
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Abstract

In order to investigate the effect of foliar application of humic acid and silicon on some quantitative and
qualitative characteristics of Matricaria chamomilla L. under salt stress, an experiment was conducted as a
factorial based on a completely randomized design with three replications in research greenhouse of
Nahavand Higher Education Complex during 2024. Experimental factors included salinity stress at three
levels (0, 50, 100 mM), foliar application of humic acid at three levels (0, 0.5 and 1.5 g.L"!) and silicon foliar
application at three levels (0, 1.5 and 3 mM). Chlorophyll a, b content, fresh and dry weight of flower, height
of the plant, capitulum diameter, total phenol and flavonoid contents were measured traits in this
experiment. The results indicated a positive effect of the application of humic acid and silicon on most of
the studied traits, so that the highest amount of chlorophyll a (1.04 mg.g™!) and chlorophyll 5 (0.55 mg.g™")
was observed at 50 mM salinity and using 0.5 g.L"! humic acid and without the use of silicon. The highest
values of plant height (41 cm) and capitulum diameter (8.28 mm) were obtained by applying 50 mM salinity
and the simultaneous use of 0.5 g.L"! humic acid and 3 mM silicon. The increase percentage of these traits
compared to the absence of humic acid and silicon at the same salinity level were 24.39 and 23.55%,
respectively. The highest levels of total phenols (13.07 mg gallic acid.g™! extract) and total flavonoids (26.66
mg rutin.g”! extract) were obtained at a salinity level of 100 mM, 1.5 mM silicon, and without the use of
humic acid. With simultaneous application of humic acid and silicon, the adverse effects of salt stress on
some traits such as plant height and capitulum diameter were reduced. Therefore, the use of humic acid

and silicon can be suggested as an effective method to reduce the destructive effects of salinity stress.

Keywords: Chlorophyll a and b content, Matricaria chamomilla L., Salinity, Total phenol and flavonoid
contents.






‘-Qj fv (Y 2l o)ll) 1P+ ¥ linoy oF oylols ¥ 0,90 ( LS srcdglio )0 Jupgh alxo
syl &

Matricaria ) Syl S 5 o5 Slogas 53 6595 o35abw § Saogad dmsl 2 Jgloo 51
Sag s byl pls yo (chamomilla L.

wilxio D)M
Fo-7Y Tk by 5 M Al Sl

Ol laes (U5 ohag) Wsled Jle Aisel gatzme - L log olSails o GLEl (qwaign 5 pole 05,5 (V)

mahtab.salehi@basu.ac.ir : Jgiuo ooy ™.

VECEINNY sl b VEELAN - il s Gl

LRV

@ bl (gygh SIS Coni Al (RS g (05 Oleogas (B p ¢ (9Seliw 9 Sroged sl (AL Jelmo ST () 2 yebie 4

i L2 VFY Jle 5o wigles e bjgel @odzmo (SFlindiod ALl 5 51,55 aw 5o (Solai Sols’ g, B 55 Joy9556 & y90
18« yhuo) gl duw 33 Srngud ol (Ll Jokomo (Y go o Voo 9 B¢ (po) gebaaw duw 53 (59 (T Jold (s 32 9590 (S5
8 S xS e3luil 0590 Gl cnl 10 &5 (Flio 09 (¥ g0 o ¥ 9 1/0 «yauo) arhamw duws 33 y9Srbimw (bl Joloxo 5 (i )0 0,510 5
@l . JS adgigdld g B (glgizme (JoimlS S olS g lai,l (JS LS g )5 (339 <D g Judg )5 (slgizne 13l Widgy wylae i )F
Vo) @ JudgylS oo ooyt 45 (G0 4 392 (o 3390 Slio 35Ty g8l 9 Shogud sl 0,8 cue w3l Sl
Sl i) 53 0,5 ¢/0 3l eolisiwl b g Y ge dno B (55 )0 (055 3 0,5 o /OB b Judg kS ¢yl o (i i 9 (035 31 0,5 o
0 3358 L (o oo AITVA) Jgn 5 a8 5 (ko il F1) ol gLl 1 0lio ( piudons ol oudLiicn (y95alw 32515 (y30s 3 Snognd
Slio cpl G381 o yd ol Cawd 49 (g8l Y g0 len ¥ g Serogad sl il 33 055 /8 51 (ylojod oolisius! g (55940 ;¥ 9o o
J5 B (e o2 i 1092 00y YY/BD 9 YFITA o i (g9 gl Lo 53 (98l 9 Sorogad doonsl 83155 pue b i o 50
VO g0 o Voo (59 gl 30 c(ojbac o5 p (sig) o5 oo YPIPF) S5 adgigdld g (o)lac 0,5 » SIE sl 0,5 Lo VY/4Y)
30 S35 i egms HUT (9%ilins 9 Sogad vl (3lojo 3 31515 b kel Cansd dy Saogad dmsl 5 o0liusl (39 9 (y95kins ;¥ g0 o
P30 6,58l plgie 1) (98w 3 Saogad dwl 831,15 (g (o0 (1l by 28l bl Jein 8 yhad g ol el )l wiibo wlio (S

2055 Oleduliony (g i (o 5T Wl 51 Jals (gl

by a 5,5 Slyme 5 S asgigdd g S8 Slyioms o550 inly 1 galS o]l




FA )9 Ao P2 893 OFFbw 9 Saogad sl (bl Jolxo i1

doddo

Wiblie ol 55 el sl Al 51 ez Kt das Kt bl 1 ()b o omlasl OIS0 31 Sy S (555
liee crmizmad § 035 7,1 ol Ay, i 3l 5 At |y S oSl wilsy 45 G (slolil 4y S, olpee kil
& s (Aghaei Joubani et al., 2015) 545 oo S o ol 55 5 Sl gazs 4 yxie S mhaw 51V s
(Sladas 3l pas sy gleeatiS il Zalaw il ¢ Jsho (5LaE o5 (o] s 41 5 (S 5 el GBI 9 g0
(Hasanuzzaman ef al., 2013) 55,5 oo LS 518, oo 5l coles 10 g yiiwgid o05b ialS daps 5T cudled jo s
Sad slagg S5l l3T sla S0l lawgs o] GomalanasT Gob 5l Lds IS Glie (205 crse (5558 G ((mizeen
Sarker and Oba, ) 55 oo Pdg,lS 5] Cdlad (iol38l 5 Ceodbg IS Joe jo DSl utiyp aloSS, slouSloS b
aeiyd g I g 1 ptogsd 50 52 50 550 e 003l (tals 4 ponte (g 3tugtd glaos:Si) (slyiome rals g ol (2020
5SSty 5amST SladisS olsjew sl lalS (Ashraf and Harris, 2013) 095 oo (s5mgid <o)l rals
Jsbos 510 5 iy fows (525550 8ol Lo el gy s 51 05 45 035 o ot il s
o1l asile gou3 5 (8 S5l 5 LntigisDh dowisis IS wion sor 5l (ST T slapins b
Dl §| s 5 s5anl 55 59,5 Jobite 5 ot 5B s (5] G b 5 0 b ol @)
(Tester and Davenport, 2003) a,ls 5,5 25 5l (L6 Glacamw! ply o (i 5 by, ail) b JsSgeq Sl
Abdelaal ef al., ) s,ls 5434 LS 1o (5,58 (iS5 pae Sl 2alS 0 liw jaie G p e g30xe Glagb )
los lows g Sakr, (2017) SBT 4 cwglin ial38l b oyslew (2020; Hurtado ef al., 2020; Rizwan et al., 2015
o i el SloenS] T slaes 31 oges Jled Wang et al. (2021) o1 Joles 5440 Fauteux et al (2005)
oz 138l C>ge Silva et al. (2012) Lég, IS i iol33l g Ahmad et al. (2019) S g ol ©d> 1380
53,5 e 5 5 & oS
&85k &113436 b (Calendula officinalis L.) jlgpaiaen oS 5L Jolxe a5 w55 57 5,155 (2023)Veisi et al
St glacdile o (g 0l 6)9h 5 pshaw des 50 B89,lST Gl cel (G 5o 08 e YO) S cdile o
V) 33 o 0oL o ol i by (Npn e Vo (595 59) s lS il b (il s S o 5100)
SIS, (IS jaran b B3 b ieS o dale ) ohsa sSkew 3956 (Veisi ef al., 2023) ws (Yga oo
(Tripathi et al., 2017) %4 oo cog51sS 0,5kae 9 IT piawgid ST, Lial33l 5 olS  elds v Sgugy el ol
U155 et @oob 5l a5 Wil S n 5o 0sSelew @ed 5l (LIU Wl oo (el pa> 50 olS wB, Sl adly)e

olS (giimgid Cudib g 598 Ll il g je plp 0 S B HlS g aBle Soliwl el doS g adle Sl



fAa Y by osled) 1P+ liwo o oylos ¥ 090 “;bb.f e gln jo dpgh alxo

oLS 3 s, slo,gxSB (S 6)yed slews b ple e5ulew 34l 5 o, » (Raj and Thakral, 2008) 54 oo
5l sl e SIS gohy vga B b Jele 3o,k 5l eSdiwgil 00,18 a5 ols Lis (Crocus sativus L.) ol jae
(Asemeh and Pourakbar, 2016) o iz sge 1) olyhe; sois, sl iS5 6,00 25

oS (Yin et al., 2016) ydgy aile i gam! e yis b Wilgs co o8l 00,15 a5 Cl 0als 3,155
(Hashemi et o 8 Jio SlocuSl 25T oluS 5 (Ming et al., 2012) ol oueg S (Torabi et al., 2015) .5k
@ axgi bams lidl olS o 1) 6,00 4 Jeou (Hajiboland ef al., 2017) laawwlgis] 5 Jole aid wal., 2010)
6oL 0,5 S s g (ooleond o SO 8 Slaogas g sl JT slaawl jl eolaial IJ..;>| s § Jaze SllaxMo
Samavat and Malakooti,) cuwl sl (55,5LaS SV game CuilS Sgups 9 ddgi Ll 4o (gouie Ol S1 el g atsly
Seisdse 503 Bl i o 5 pitins D31 W5 o St sl 45 ool o0ls Lt cilie gla gl (2006
(S ps OS5 ol piis e DI ST el gladasre jo aS el cols lias b reghs ol ol adls oS u,
Mohamed, 2012; Rady, 2012; Pizzeghello) <ol jiuwgh, So58lsm 5 (ooliond (S0 5ud slo S5 Somte G,k )
Cagb, el g ol i Sy Jdoas o S5ailsm (il Gaub 5l ol s p OS5 ol pwities 151 (et al., 2013
P $x9re 21 polie JUml @i (alié polie i g Joho slad (pddeh (il elS wd) G 6lp el
S walyS (5555 41 ol Jori s it (nl 4 g WBlioe Fseysmant slaclled 5 ool slacidled g s ety
obewlS 0,5 51 2lLS Matricaria chamomilla L. _ole U b &b (Glilser et al., 2010; Ouni et al., 2014)
©3l) o]l egiloskas g iiligr = )T egilosls mlio ,5 A sl ond aslis gl GLLE 5l Ky o
il olpl o dlinoe dihie wlS pl 55 @l g Lol 5. (Petronilho ef al., 2012) el Jls,e5 5
Menale et al. (2021) &)l <WS! loyo alox 51 5 les ols> )l @il (Ghanavati et al., 2010)
Neves et al i 3 gmas OWSio Zivkovié et al. (2020) oS Y31 Giizel ef al. (2015) S99 Le ys
(s g len Hley sl g Mikou ef al. (2016) cigae ¢ 5,0 Hloyo sl oS ol 5l uizman ol 0 (2009)
g A ydugy Wy, 4 ax g5 b g gl ol og,ls cenl 4y s (Petrakou e al., 2020) sgi (o oolaiwl Sloo 5 et
Suaglio g Jood slaSal) (8L ane; ;0 ik poil g lnl Sl aed g S bl j0 ohga (25 slaS1S ud
aalllae ol conied g 0ai lagiis cyme SR (Lol )0 (5Sliw 5 Siaged sl (1S 43 255 L 5 laliS 50 (555 4
b B o LyeSl & jso a4 ciolesl s ed (i Cod Al olS el 5§ Saged dul S ) Bua
o) el e 53 Sosem sl (Vaaislea Voo 50 ) prhans s )3 (5,0 ol Jole o by S5 ¥ L gholas Sals

P99 o 3o Nigles Jlo [oj50] maizme AT )0 (Vga oo ¥ 5 V0 <o) hans duw ;5 (558ekews § (2 )0 )5 V0 5 +/0



o )9 Ao P2 893 OFFbw 9 Saogad sl (bl Jolxo i1

D91 wgmades 4z 15 Ve Lod (9 5ieS g Gwgmds a0 YO albdS glos op s nKhee .00 5 121 VY olo (04,9
S50 38k b gl Glediol Hd B eS8 5l Al Sy 0 (0,0 Cel 1Y 5 olidy) Celu VY Glids; Gl
Jolee momsliy 00)3 VW17 5 Ol 55 Jalome pgamlins 00,0 V7 Jolis cqule 3557 S5 4y popmslty SlSw) Galol 5 0slicn
Slge 5l JSiie (Diamond Grow (s,los sl b ool 8 )90 Siogad sl .300,5 args ol labow <8 15 5l (ST o
S5 o5 Jlosl slyr 09 (30,0 Y9) IS (52,575 (00,0 1) (3555 (00,0 )) el (00,0 1Y) poesliy (0 )0 00) ]
S oygs by o) sz o sabaily] olosdsSyped Slasie b el; S L bplals s eolizul NaCl S 5|

g (£l ye ilos TV x (ailad ,la8) o il ¥ laJalS olayl 5 o 56kS ¥ laluls

Lolls S (olond 3 (S b Sloogas =) Jgo
Table 1- Physio-chemical properties of pots soil

(# -t o) 2z BB sl (pl st -s2) i B jind

Absorbabl i Absorbable phosph ooy G2 S () o8 S e
sorbable potassium sorbable PROSPIOTUS - 0y (9%%)  Silt(%)  Sand (%) Soil texture
(ppm) (ppm)
334 54 25 35 40 =7
Loam

=) Jgu=s aalo!

Table 1 coninued

Ll J5 aagl S eolon
; L e el ol © A
(32y0) JT oS (202) IS 139550 . (&) (e 2 i js0)
: 0 . o Carbonate calcium . . ..
Organic carbon (%) Total nitrogen (%) . o Saturated soil Electrical conductivity
equivalent (%) .
acidity (pH) (ds.m™)
1/4 0.14 35 7.8 4.3

g oae O 4 HlalS slaw dedig JolS aiwl 5l o ab ails [d sae Vo HlalS s 50 dalals olwoolel 51

1 osls L (S o 855 L) ot lS 315 90 olie (59,5 o b o9 csla oo 030,55 SIalS 2 0
riazjsmd 1P (S pSI Colan L) g olal O g g 590 et (S iUl Colas 4 oy sl )bl ST po o0
JE1 oS 1 e by T 5l 5 ok 5 St el b (2l Sy o 455,515 )3 sl Sl & (e
il Jyons 1 L oSy scings n daplalS gt oS o Sl sl solite & 2l acll oslS 3,5 b 5 s
a5 oyl (SIS 5 50 eadger (s ol (Sl calin G 0550 ()58 4 e Sl pliabl gl 5 288
73 w1560 ol Sepsllcalas 5955 ) IS Slesil S Jsloro a0 o plowll o 4 555 ST sk
Mollazadeh ef al., ) ail coli wis, Jole plad jo g kS plas jo i o b ol oo (g5 03lusl o SlalS 55 ,0)
5 a5 canls dalsl sleygs o 316 g 5lel olo s 10 5l da J5 cails p ldas 5 350,551 colo a3 V0 5 20)5 (2024
oinbeyl oy iad eols Jlasl olKiole;] a o JS aSeigds 9 b 6 puSoslail sl O § A0 5 S (3T gles

S50l JS a3gigdl 9 1S (liee 5 JyilS Slad ol el J5 Sis g 5 59 D 9@ 89 S Slgme S8 5l Slaw



)] Y by osled) 1P+ liwo o oylos ¥ 090 “;bb.f e gln jo dpgh alxo

o 5 j00 51 p,5 10 laie a5 & ygo cpl 4 s solazwl (2007) Ozkan ef al g, 31 olS 5l (6,50 las jshaie 4y .aius
oslBtws 5l solaiwl b el ¥ e s (050 lae a0 5 aBlol ] a4 Jailie yid Lo 10+ g o aiBu, loyo u.ll.‘ S 0
(apalonl o &7 el T aial5 ol ey olfins 4 ol il igds 10 o5 S e 4585 1) s plasl Sigu Ty
@0 f 55 sl o )lgo 00isS e olSiws b oaliBlo o )las .50 5 Blo ojlac ( Slo XIS g g 28 5l oolanul b
Ozkan) o ool 1,8 ol 5 il az ;0 -VA ;38 10 wdyae yloy b g 00,5 dle o)lae (59 s (0595 0,bgo o Ladss
calizee glaclale oM jsb a4y .o solazwl (1981) Gutfinger g, 5l JS 8 slsixe (o) S (et al., 2007
s Gy ylaie T et 5 s LT s g b dags LS5 ds o (el Jlake LT 5 olS 6ylas «(o,lilil) S sl 5|
Toe Job 2 UV egighs il Lawgi cwalds ply o ladiged Qi caliBo 80 5lam )5 adlol by S oo 9 S g
0 dplos o )las 5 (p 5 (ko) S el Jolae jlaie o o JS RS gl (bl 5o b (g S ol zegil VYO
a5 Gl oy b eslaiul (Yoo A) () Ses 9 YOO g, 5l e JS aSgigds (glsixe o)y yskaie 4 (Gutfinger, 1981)
o oy d sl @ g ol ags LSS aw o (eals) jhie Ol g oojlas «((o,lailill) (g, 5l cilise glacdale dal
Jsb 5 UV jagishy mSol bags canlds plyy 30 S5y 35590 Jolme i (s 03 a8l 3500 5 0015 pgingl] oy i
sl (o las )0 05 (o) gy Jolos jlake oy (IS A3 gigdd (glgiome Zules 5o u0 5 (6 S o3l yagili OV zge
51 Jed,lS sl s 8 eolaul (1949) Arnon g, 51D g a Juds 1S o\lse cpss sl (YOO et al., 2008) o
o5l b S il 45 i ooy S oS0 S0 5 Sl 08 1Y e B8 50 T (gl L o5
i ST oo Y &l b Jplons e s 2 ol S o S Sy B 5 (5 o
@ Colgsyo 9 (Arnon, 1949) 0o 3 cud gl #PY 5 PF0 slozae Job ,0 yiogighy iSwl olfiws aliwg & Jolxo

Al oolaiwl Y gV leakal, 51D ga Ldg S slgime dwlne jolaie

a Judg 05 (mg/g) = [VYIY (ogb #5Y ;0 D) - Y/ (egili #F0 ,o D) V/ (V- x W) Vil

b J.b4,l5 (mg/g) = [YY/A (5ogi £F0 ,0 D) - FI8A (gl #2Y ;o D) V/ (Ve -+ x W) Y alal,
V) 05 ey diged 5= Woe(id o Vo) TA ol ol oz = V gg,95 ke = D daalasly 0l 5o
M 1 55a5 (6Ll (95T 51 onlitd L laySilis anlio 5 SAS 9.1 (gLl 1580 5 L Laools il lg 43265 sl g (o5

28,5 alowl 0oy gy o 45 (LSD) s i

2o ) gl )0 U5 8 Gl 5 ol gl )l b k8o 1 liome 1 (6590 Sl el ls 4 Jsoz ls bl



oy )9 Ao P2 893 OFFbw 9 Saogad sl (bl Jolxo i1

2 oS Bl 329 90 )0 ) s )0 ol el 5 Senged sl 100 o im0 )0 O s )0 (ST ASsigd (e
Slyze 329 900V mhw ;o (JeinlS Hhad g ol el (S5 S g 5 (59 2 OsSeke ST 09 a0 y0 b mhaw
Oz 3 558k X Saged 5 55w X (55580 «Sogep X (6595 Jole g0 il 0 o cme 00 )0 O mhas j0 b L8y IS
b8 eolS gl JS Sis g 3 (s b 89S a Jds IS Slgioe Dlao  (5Sekew X Singet x (5,59 Jole 4 il

(Y Jg92) 39 o gime 30,0 ) mhans 5o (slel Jhai 5l JS adgigdls g b e o JinlS

a9 G o Ligrly (S 3 (08 ko (B2 2 (y9Srbens 3 Scpogud dmsl (LB Jglmo 5l il g 4155 - ¥ Jgu
Table 2- Variance analysis of humic acid and silicon foliar application effect on some quantitative and
qualitative traits of Matricaria chamomilla L. under salinity stress
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Figure 1- Effect of humic acid and silicon foliar application on chlorophyll a of Matricaria chamomilla L.
under salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.
S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 2- Effect of humic acid and silicon foliar application on chlorophyll b of Matricaria chamomilla L.
under salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.
S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 3- Effect of humic acid and silicon foliar application on flower fresh weight of Matricaria chamomilla L. under
salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.
S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 4- Effect of humic acid and silicon foliar application on flower dry weight of Matricaria chamomilla L.
under salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.

S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 5- Effect of humic acid and silicon foliar application on height of Matricaria chamomilla L. under
salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.

S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 6- Effect of humic acid and silicon foliar application on capitulum diameter of Matricaria chamomilla
L. under salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.

S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 7- Effect of humic acid and silicon foliar application on total phenol content of Matricaria chamomilla L. under
salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.
S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 8- Effect of humic acid and silicon foliar application on total flavonoid content of Matricaria
chamomilla L. under salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.
S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Abstract

Melatonin is known as one of the endogenous cellular regulators that can improve the quantity and
quality of the product by affecting the growth and development processes of plants. Considering the
importance of secondary plant compounds and their role in physiological characteristics, the aim of this
study was to investigate the effects of foliar spraying of melatonin on the contents of total anthocyanins,
total phenolics, total flavonoids, and free radical scavenging capacity of safflower petals (Carthamus
tinctorius). A field study was started in March 2025 in Shahdad region, Kerman province. Foliar spraying
was performed on safflower plants twenty days after planting and at the stage of capitulum completion and
before the opening of flowers. Experimental treatments included distilled water (control), melatonin at a
concentration of 0.25 mM, and melatonin at a concentration of 0.5 mM. Data analysis was performed using
a completely randomized design with three replications. The results showed that foliar application of
melatonin at concentrations of 0.25 and 0.5 mM significantly increased the levels of various compounds
measured in safflower petals (P<0.001). The highest levels of these compounds were observed in samples
treated with 0.5 mM melatonin, which was significantly higher than the control. Also, samples treated with
0.25 mM melatonin increased the contents of each compound compared to the control (P<0.001). Based on
the findings of this study, foliar application of melatonin at a concentration of 0.5 mM is recommended as
an effective method for increasing phenolic, flavonoid, anthocyanin compounds and antioxidant capacity

in safflower petals.

Keywords: phenol, flavonoid, anthocyanin, safflower and petals.
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Figurel. Anthocyanin content of safflower petals of Golmehr cultivar after foliar spraying with melatonin(M1
represents the anthocyanin level in the plants treated with 0.25 mM melatonin, and M2 represents the plants treated
with 0.5 mM melatonin. Different lowercase letters above the bars indicate statistically significant differences at the
1% probability level.)
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Figure2. Total phenolic compounds content of safflower petals of Golmehr cultivar after foliar spraying with
melatonin( M1 represents the anthocyanin level in the plants treated with 0.25 mM melatonin, and M2 represents the
plants treated with 0.5 mM melatonin. Different lowercase letters above the bars indicate statistically significant
differences at the 1% probability level.)
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Figure3. Total flavonoid content of safflower petals of Golmehr cultivar after foliar spraying with
melatonin(M1 represents the anthocyanin level in the plants treated with 0.25 mM melatonin, and M2

represents the plants treated with 0.5 mM melatonin. Different lowercase letters above the bars indicate
statistically significant differences at the 1% probability level.)
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Figure4. Total antioxidant content of safflower petals of Golmehr cultivar after foliar spraying with melatonin(M1
represents the anthocyanin level in the plants treated with 0.25 mM melatonin, and M2 represents the plants treated

with 0.5 mM melatonin. Different lowercase letters above the bars indicate statistically significant differences at the
1% probability level.)
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Effect of foliar application of salicylic acid on some morphological and non-enzymatic
antioxidant characteristics of Licorice (Glycyrrhiza glabra L.) under UV-B stress
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Abstract

Licorice (Glycyrrhiza glabra L.) is valued in various industries for its secondary metabolites. UV-B
radiation stress can impair plant growth and metabolism, while salicylic acid, as a growth regulator,
enhances plant tolerance to stress. This study was conducted to investigate the effects of UV-B and salicylic
acid on growth and non-enzymatic antioxidant characteristics of licorice in a completely randomized
factorial design with three replications during 2023-2024 at Urmia University. Seeds were prepared,
germinated, and planted in pots, and at the 5-6 leaf stage, plants were treated with salicylic acid (0, 1, and
2 mM) via foliar application and UV-B stress (30 minutes daily) for two weeks. Growth traits (fresh and
dry weight of roots and leaves) and biochemical traits (total phenol, flavonoid, anthocyanin content, and
FRAP antioxidant activity) were evaluated. The results showed that UV-B significantly reduced the fresh
weight of roots and leaves and dry weight of roots and leaves (by 67%, 68%, 64.6%, and 37.5% compared
to the control, respectively) but increased total phenol and flavonoid content. Application of salicylic acid,
particularly at 2 mM, mitigated these effects and improved the fresh and dry weight of leaves and roots.
Additionally, salicylic acid combined with UV-B significantly increased phenol content in roots (130%),
which led to an increase inFRAP antioxidant activity. The antioxidant activity of leaves (158%) and roots
(130%) significantly increased under combined treatment of salicylic acid and UV compared to the control.
Leaf anthocyanin content significantly increased under salicylic acid treatment. These findings highlight
the role of salicylic acid in alleviating the negative effects of UV-B and enhancing the antioxidant defense

system of licorice.

Keywords: Abiotic stress, Stress amelioration, Total flavonoid and Total phenol.
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Figure 1- Root (A) and leaf (B) dry weight, and root (C) and leaf (D) fresh weight in licorice plants under

different levels of salicylic acid (0, 1, and 2 mM) and UV-B treatment. Control, SA 1 mM (salicylic acid 1

mM), SA 2 mM (salicylic acid 2 mM), UV (UV-B), UV+ SA 1 mM (salicylic acid 1 mM+UV-B), UV+ SA 2

mM (salicylic acid 2 mM+UV-B). Data represent mean =+ SE (n=3). Different letters indicate a significant
difference (P < 0.05) between treatments according to the Duncan test.

F5 B lgrmo ! Sobewedl g UV-B 51
a5 P0.01) o gime ey Gy obS S g ada) IS L Gy n UV-B 25 310 Jsoz) mbs ulel
sl loss jo 8 Slgizme ol Gl (b oS S g a5 IS S8 slgime jlo gime (il8l Crge UV-B 15 4S5k
Oldlas ol ylis Weols L5)LJ oy <8l Glidl als (bl b awlie [0 ady ) sl Sl Y mM 3 Y mM
09031 bl 2 (izme 39 (P<0.05) s gima aald 4 Connd dnsl Silwcdlo Y MM Lo j0 S50 IS 18 slgioma 5o
)8 0 o g 8 S 0 g o cme VT Jleisl maw jo ady; 0wl S Jls s UV-B Lla ol 31 GLM
OleS 5w UV o bawlie oany, J5 8 )b gme (il g UV s coo cdale g0 2 j0 ol Sl Il
o ST I (g el ol jo glio (lalS 1o 45l slacdgilie (slaog 5 1 oo S I (S (lare 4y LIS
UV a5 5l ol gslaasSt ol zals ol olals (Kumar ef al., 2023) was o JoSis |, UV-B 2l o35 4
P ‘5}\%&5161.;] ol uolidl ( Ld oloS 5w ol8l L1y 0es GJIW\GJJW =B il lalS ( asre
345 5l oS el> L oloS 5 ol (Moradi Rikabad et al., 2019) auS o aulas DPPH olj1 sla JIGol; oo g0
A o gl (bl (25 w51 glaJISG0ly 05 (255 sl Gl 5T plgie 4 Joe b g pula slacdl 4, UV ani
025 LUV-B jles a5 el sais o0ls olis 1,31 (Zhang et al., 2017) seo o 2alS 1) guslonsST 25 ass 1o g

i g Sl 5 (CAH) a5 0¥ o] Solivns «(PAL) 5LLigel VT its wiile Lo yo (slapn 331 el (oY



AN OHSes 9 (goos! g Gy s asls (B p o] Solewddle (S p (Lol Jolxo T

Wang ef ) aiS oo SoS SlawnST 8T s Co gl 4 doxid 10 9 998 0 9> sazalS [0 Seid sl mess 4

Sl 0,8 & fwsly o (Echinacea purpurea L.) 5 )15 1 sg)ls oL )0 40 a5 el oulds sanlin (al., 2022

L a5l oals 3,155 .(Mohebby et al., 2021) wb co (iol38! aunl o355 aile L8 slaanl gl o]

o3l Satureja hortensis L.) o), olS 5 1) JS L8 glgizme oo b oS5 0 b ol 4 Sl s UV-B

(Abrun et al., 2016) wi»s o

i o0 b ab a
4 E 25 . _ §
. = C
3182 ° N
-
3315 d %
S -
1355 1
w 2EF 0/5 \
< o o0
Y S
i
Control SA 1 mM SA 2 mM uv UV +SA1mM UV +SA2mM
L lews
A Treatments
3 a
% %h 2/5 b &
g b
3 3 =z 2 T
2 } EE T
2 S e
. a9
4355 1
2 EF 05
] g
q = 0
Control SA 1 mM SA 2 mM
ontro e m m
C Treatments
4 a
T
59 FEN
ji3 N\
N2 CE 2 \ r
\ -0
2 REE
. N ==
v, \7) s
a ) 0
Control bt uv
B Treatments

UV-B s s MM Y 5 ) sl Sl cilizes ol o oy 025 obS 53 (B, €) S0 5 (A) ayy U5 S8 (slgime Y S
UV+SA 1 mM UV (UV-B) (mM 2 sl S dlo) SA 2 mM (mM 1 ool Sl Jls) SA 1 mM  (aals) Control
s e plai 1, (0=3) SE .Sl laosols (MM 2+UV-B ol Sledls) UVASA 2 mM «(mM 1+UV-B ol Sl Jls)
Qb e 510 oyg05] Gillae oyless oo (P < 0.05) Yo sixe iglis saimsylis calize g >
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mean + SE ( n=3). Different letters indicate a significant difference (P < 0.05) between treatments according to the

Duncan test.
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Figure 3- Total flavonoid content of root (A, B) and leaf (C, D) in licorice plants under different levels of
salicylic acid (0, 1, and 2 mM) and UV-B treatment. Control, SA 1 mM (salicylic acid 1 mM), SA 2 mM
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acid 2 mM+UV-B).Data represent mean + SE (n=3). Different letters indicate a significant difference (p<
0.05) between treatments according to the Duncan test.
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represent mean + SE (, n=3). Different letters indicate a significant difference (P < 0.05) among treatments according
to the Duncan test.
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Abstract

Indigofera tinctoria L. is one of the most important medicinal-industrial plants, valued for its indigo
carmine pigments and valuable phenolic compounds, which have extensive applications in the
pharmaceutical and dyeing industries. As a natural source of plant-based dyes, it holds high economic value
& exhibits moderate tolerance to environmental stresses such as drought and heat. This study was
conducted in Shahid Bahonar Agricultural High School, Shushtar with the aim of evaluating the effects of
planting date and plant density on photosynthetic traits and indigo carmine content of Indigo plant, using
a split-plot design based on a randomized complete block design with three replications over two
consecutive growing seasons (2022-2023). Treatments in the first year included six planting dates (April
29, May 19, June 8, June 28, July 17 and August 6) and four plant densities (30, 40, 50 and 60 plants per
square meter). In the second year, two planting dates (July 17 and August 6) were excluded, and only four
planting dates (April 29, May 19, June 8 and June 28) along with the same four plant densities were tested.
Analysis of variance revealed that planting date, plant density, and their interaction significantly affected
all qualitative traits at the 1% probability level. Mean comparison results showed that early planting in
spring (April 29) yielded the highest values for chlorophyll a, chlorophyll b and total chlorophyll (1.82, 0.73
and 2.55 mg/g, respectively), as well as indigo carmine content (5.91 g/m?). Delaying planting, especially
during the hotter months, significantly reduced all qualitative traits. A plant density of 40 plants per square
meter was identified as the optimal level, at which the highest photosynthetic indices and indigocarmine
content were observed. A significant positive correlation between chlorophyll content and indigocarmine
concentration indicated a direct relationship between photosynthetic activity and secondary metabolite
production in this plant. Overall, early planting in April and a plant density of 40 plants/m> are
recommended as the best treatments for maximizing both the quality and quantity of indigo carmine in the

indigo plant.

Keywords: Agronomic practices, Chlorophyll content, Cultivation management, Natural dyes and Secondary

metabolites.
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Table 2: Analysis of variance of the effect of density and planting date on indigo plant quality traits (2022)

Ladsy)lS  Kanl leme  weylS Kooml S byl b Jds ks a Judg s @byl az)s

hd )““ -
Carotenoids  Indigo Content Indigo carmine Total Chlorophyll ~Chlorophyll b Chlorophyll a Degrees of

Freed ati
(MS) (MS) (MS) (MS) (MS) (MS) r?zi f(‘))m Source of Variation
0.003 0.15 0.005 0.020 0.008 0.012 2 (Block) <5 sl
0.08%* 5.82%* 0.12%* 0.63%* 0.18%* 0.45%* 5 (Deils )6
Planting date
0.002 0.18 0.004 0.021 0.006 0.015 10 (Bl os sles
Main plot error
0.06%* 4.75%% 0.09%* 0.44%* 0.12%* 0.32%* 3 (D)s'3
Density
0.01% 1.24% 0.02% 0.11% 0.03* 0.08* 15 TxD
0.001 0.12 0.003 0.014 0.004 0.010 36 (Ebep ol s

Subplot error

*Significant at the 5% level (p < 0.05) ** Significant at the 1% level (p <0.01) (p<0.01)7) mhaw ;o s me** (p<0.05)/0 mhaws jo jlo jine*
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Table 3: Analysis of variance of the effect of density and planting date on indigo plant quality traits (2023)

- . . c .. . . . ol3T a0
loadstis)l5 sKanl Glyme )5 sSoan) S by i b dg,ls a iy 5 “; ? ’)f i
Carotenoids  Indigo Content  Indigo carmine Total Chlorophyll Chlorophyll b Chlorophyll a cgrees o - )

(MS) (MS) (MS) (MS) (MS) (MS) Fr?:ff(‘;m Source of Variation
0.002 0.14 0.004 0.018 0.007 0.011 2 (Blocky <55l
0.09%* 6.15%+ 0.14% 0.68%* 0.20%* 0.48%* 3 (T2l )6

Planting date

0.002 0.16 0.003 0.019 0.005 0.014 6 (Eslolos slbs

Main plot error

0.07** 5.02%* 0.10%* 0.49%* 0.14%* 0.35%* 3 (D)rs
Density

0.02* 1.37* 0.03* 0.13* 0.04* 0.09* 9 TxD

0.001 0.10 0.002 0.012 0.003 0.009 oy (B oS gl

Subplot error

*Significant at the 5% level (p < 0.05) ** Significant at the 1% level (p <0.01) (P <0.01)7) gaw o lo gue®* (P <0.05)10 mhaw ;o o sos*
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Table 4: Comparison of the mean simple effects of planting date on qualitative traits in the years 2022 and 2023

@ 3595)15 S

Jedg IS boadssss 5 o)l sRaal slyme ee)lS $Saan] J5 Jedoyls b Jidsls a iy ks s b Ju
Carotene Carotenoids ~ Indigo carmine Content Indigo carmine Total Chlorophyll ~ Chlorophyll b Chlorophyll a Plantin Bate Year
Chiorophyll (mg/g) (@m?) %) (mg/g) (mg/g) (mg/g) €
Ratio
0.21+£0.01a 0.44 +£0.02a 4.57+0.17a 0.77 £0.02a 248+0.11a 0.70 £ 0.03a 1.78 £0.08a  March 30/cezgs) @
0.22+0.01b 0.42+0.01b 4.24 +0.16b 0.73 £ 0.02b 2.37+0.10b 0.66 + 0.03b 1.71£0.07b  April 19/cezess i ¥4
0.24+£0.01c 0.39+0.01c 3.48+0.13¢ 0.65 £ 0.02¢ 2.17 +0.09¢ 0.60 + 0.02¢ 1.57 £ 0.06¢ May 8 4, sls 5 1A §
[\
0.26 +0.01d 0.35+0.01d 3.16 £0.12d 0.60 + 0.02d 1.97 +0.08d 0.54 +0.02d 1.43 £ 0.05d June 28/,5 v f
0.28 +0.01e 0.32+0.0le 3.12+0.12¢ 0.55+0.01e 1.82 + 0.06e 0.48 £0.02e 1.34 £ 0.04¢ July 17155 vy
0.30£0.01f 0.29+£0.01f 2.88+0.11f 0.51£0.01f 1.71 £0.05f 0.43£0.01f 1.28 £0.04f August 7 a sls 0 17
0.20 +0.01a 0.48 +0.02a 4.80+0.18a 0.80 £ 0.02a 2.55+0.11a 0.73 £ 0.03a 1.82+£0.08a  March 30/ceigus) @
0.21£0.01b  0.45£0.01b 4.43£0.17b 0.75 + 0.02b 2.43+0.10b 0.68 = 0.03b 17540076 April 19%egusjve S
W
0.23+0.01c 0.41+0.01c 3.66 + 0.14¢ 0.68 + 0.02¢ 2.22 +0.08¢c 0.62 +0.02¢ 1.60 £ 0.06¢ May 8 4 sls > 1A f
0.25+0.01d 0.37+0.01d 3.35+0.13d 0.63 +0.02d 2.03 +0.07d 0.55 +0.02d 1.48 £ 0.05d June 28/ .5 v
ol 0033 B (5ol elas )0l e BB S99 pas aljie 4y (i 0 0 ailive By > 3525
The presence of similar letters in each column indicates no significant difference at the 5% statistical level.
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Table 5: Comparison of the mean simple effects of planting density on qualitative traits in the years 2022 and 2023
s 5 Sl U5 s is
s S badgmals SIS s e b s t5 8 iy ls 13 e
Carotene Carotenoids 80 ca ¢ Indigo carmine ota Chlorophyll b  Chlorophyll a Density Year
Chlorophyll  (mglg) Content %) Chiorophyll - 1/g) (mg/g)  (plants per m?)
Rati (g/m?) (mg/g)
atio
0.23+0.0la 0.40+0.0la 3.12+0.12a 0.68 +0.02a 2.29+0.10a 0.63 +0.03a 1.66 +0.07a 30
025+0.01b 0.38+0.01b 4.83+0.18b 0.65 +0.02b 2.21+0.08b 0.60 + 0.02b 1.61 + 0.06b 40
AEA
2022
027+0.01c  0.36+0.01c 3.80+0.15¢ 0.62+0.01c 2.13+£0.07¢ 0.57 £0.02¢ 1.56 £ 0.05¢ 50
029+0.01d 0.34+0.01d 2.89+0.11d 0.59+0.01d 2.03 +0.06d 0.53 +0.02d 1.50 £ 0.04d 60
021+0.0la 0.44+0.01la 3.46+0.13a 0.73+£0.02a 2.37+0.10a 0.67 £0.03a 1.70 £ 0.07a 30
023+0.01b 0.42+0.01b 5.12+0.19b 0.70 £ 0.02b 2.29+0.08b 0.64 +0.02b 1.65 + 0.06b 40
VEeY
2023
025+0.01c  0.39+0.01c 4.10+£0.16¢ 0.67+0.01c 2.21+0.07¢c 0.61 £0.02¢c 1.60 £ 0.05¢ 50
027+0.01d 0.37+0.01d 3.18+0.12d 0.64+0.01d 2.11+0.06d  0.57+0.02d 1.54 +£0.04d 60

sl 2030 B (6 )le] zrlas )0 jlo e B g9 pas aljie 4 gt o 0 ailive By > 392y

The presence of similar letters in each column indicates no significant difference at the 5% statistical level.
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Table 6: Mean comparison of the interaction effect of planting density and planting date on qualitative traits (2022)

M Sed |y eSSl o Tl b s IS a Ly ls oS el
S Carotenoids Indigo carmine Indigo carmine Total Chlorophyll b Chlorophyll a Density Planting
Carotene (mg/g) Content %) Chlorophyll (mg/g) (mg/g) plants perm®  Date
Chlorophyll Ratic (g/m?) (mg/g)

0.18+0.0la  048+0.02a 398+0.15a  0.82+0.02a 2.60+0.15a  0.75+0.05a 1.85+0.10a 30 z ¢
020+0.0lab 0.45+0.02ab 591+0.22a 0.79+£0.02ab 2.52+0.12ab  0.72+0.04ab 1.80 + 0.08ab 40 £ %
022+0.0lbc 043+0.0lbc 4.73+0.18ab 0.75+£0.02bc  2.45+0.10bc  0.69 +0.03bc 1.76 + 0.07bc 50 > &

024+0.0lc 040+0.0lc 3.67+0.14b 0.70+0.0lc  235+0.09c  0.65+0.03c  1.70 +0.06¢c 60 e

0.19+0.0la 045+002a 3.71+0.14a  0.78+0.02a 248+0.13a  0.70£0.04a  1.78+0.09a 30 o
021+0.0lab 043+0.0lab 541+0.20a 0.74+£0.02ab 2.42+0.10ab 0.68 £0.03ab 1.74 +0.07ab 40 = %
023+0.0lbc  040+0.0lbc 442+0.17ab 0.71£0.01bc  2.33+£0.09bc  0.64 £0.03bc  1.69 + 0.06bc 50 \:: {L‘

0.25+0.0lc  038+00lc 3.42+0.13b  0.68+0.0lc 223+0.07c  0.60+0.02c  1.63+0.05¢c 60 -

021+£0.0la 042+0.0la 293+£0.1la 0.70+0.02a 2.30+0.12a  0.65+0.04a 1.65+0.08a 30
023+0.0lab 040+0.0lab 4.70+0.18a 0.67+0.02ab 2.22+0.10ab 0.62+0.03ab 1.60 + 0.07ab 40 § \%L
025+0.01bc  0.37+0.0lbc 3.62+0.14ab 0.64+£0.01bc 2.14+£0.09bc 0.59 +0.03bc 1.55+ 0.06bc 50 s =

027+0.0lc  0.35+0.0lc 2.66+0.10b 0.60+0.0lc 2.03+0.07c  0.55+0.02c  1.48+0.05¢c 60

023+0.0la 038+00la 2.64+0.10a  0.65+0.02a 2.08+0.10a  0.58+0.03a  1.50+0.07a 30 -
025+0.0lab 0.36+0.0lab 4.32+0.16a 0.62+0.02ab 2.00+£0.08ab 0.55+0.02ab 1.45+ 0.06ab 40 % %
0.27+0.01bc  0.34+0.01bc  3.28+0.13ab  0.59+0.0lbc  1.92+0.07bc  0.52+0.02bc  1.40 = 0.05bc 50 ST

029+0.0lc  0.32+0.0lc 241+£0.09 0.56+0.0lc 1.83+0.06c  048+0.02c  1.35+0.04c 60

0.25+0.0la 035+0.0la 242+0.092a  0.60+0.02a 1.94+0.09a  0.52+0.03a  1.42+0.06a 30 -
0.27+0.01ab 0.33+0.0lab 3.99+0.15a 0.57+0.0lab 1.87+0.07ab 0.49+0.02ab 1.38 +0.05ab 40 Ex
029+0.0lbc  0.31+£0.0lbc 3.03+0.12ab 0.54+0.0lbc  1.77+£0.06bc  0.45+0.02bc  1.32 + 0.04bc 50 = 2
031+0.0lc  029+0.0lc 2.16+0.08b 0.51+0.0lc 1.68+0.04c  042+0.0Ic 1.26+0.03¢c 60

0.28+0.0la 032+00la 2.12+008  0.55+0.0la 1.83+0.07a 0.48+0.02a 1.35+0.05a 30 >
0.30+0.0lab 0.30+0.0lab 3.66+0.14a 0.52+0.0lab 1.75+0.06ab 0.45+0.02ab 1.30 + 0.04ab 40 & 3
0.32+0.01bc  0.28+0.01bc  2.72+0.10ab  0.49+0.0lbc  1.66+0.04bc  0.41 £0.01bc 1.25+0.03bc 50 Z 3
034+0.0lc  026+00lc 2.01+0.08b 046=+0.0lc 1.58+0.04c  0.38+0.0lc 1.20+0.03¢c 60 ~

R IRV 6)LJCJ4...)).> S gre BT 0929 pac dljie 4y e o )0 alie By > 092

The presence of similar letters in each column indicates no significant difference at the 5% statistical level.

(VFeY) (S Sl 9 cablS s, 5 015 oo 1 (eilso gl ¥ Jgoir

Table 7: Mean comparison of the interaction effect of planting density and planting date on qualitative traits (2023)

JB9 )5 4 089555 S Laaess S N)ls - ‘5.‘5:” oeo)lS s 8B b Jds,ls a byl 15 @)b
Carotene Carotenoids Indigo carmine Indigo carmine Total Chlorophyll b Chlorophyll a Density Wls
Chlorophyll Ratio (mg/g) Content (%) Chlorophyll (mg/g) (mg/g) plants per m*) Planting
(gm?) (mg/g) Date
0.17+0.01a 0.52 +0.02a 425+0.16a 0.85+0.02a 2.68+0.13a  0.78+0.04a  1.90+0.09a 30 z
0.19£0.01ab 0.49+0.02ab  6.15+0.23a 0.82+0.02ab 2.60+0.11ab 0.75+0.03ab  1.85+ 0.08ab 40 2 é
0.21£0.01bc 0.46+£0.0lbc  4.92+0.19ab  0.78+0.02bc  2.52+0.10bc  0.72+0.03bc  1.80 + 0.07bc 50 e
0.23+£0.01c 0.43+0.01c 3.86 +0.15b 0.73+0.01¢c 2424+0.09c  0.68+0.03¢c 1.74 £ 0.06¢ 60 e
0.18+0.01a 0.49 +0.02a 3.84+0.15a 0.80 +0.02a 2.54+0.11a  0.72+0.03a 1.82+£0.08a 30 o f
0.20+0.01ab 0.46+0.0lab  5.62+0.21a 0.77+0.02ab  2.48+0.10ab 0.70+0.03ab  1.78 £ 0.07ab 40 k= Jl;
0.22£0.01bc 0.43£0.0lbc  4.62+0.18ab  0.74+0.01bc  2.40+0.09bc  0.67+£0.03bc  1.73 + 0.06bc 50 :_: %
0.24+0.01c 0.40+0.01c 3.62 +0.14b 0.70 £0.01c 230+£0.07c  0.63£0.02¢ 1.67+0.05¢ 60 -~
0.20£0.01a 0.45+0.01a 3.06 +0.12a 0.73 £ 0.02a 235+0.10a  0.67+0.03a 1.68+0.07a 30
0.22+£0.01ab 0.42+0.0lab  4.90+0.19a 0.70+£0.02ab  2.27+0.08ab  0.64+0.02ab  1.63 +0.06ab 40 § \%‘
0.24 £0.01bc 0.39+0.0lbc  3.82£0.15ab  0.67+0.0lbc  2.19+0.07bc  0.61 £0.02bc  1.58 + 0.05bc 50 5 z
0.26 £0.01c 0.36 £0.01c 2.86+0.11b 0.63+0.01c 2.08+0.06c  0.57+0.02¢ 1.51+0.04c 60
0.22+0.01a 0.41+0.01a 2.77+0.11a 0.68 +0.02a 2.15+0.08a  0.60+£0.02a  1.55+0.06a 30 o
0.24 £0.01ab 0.38+£0.0lab  4.52+0.17a 0.65+0.02ab  2.07£0.07ab  0.57+0.02ab  1.50 = 0.05ab 40 (§D %
0.26 £0.01bc 0.35+£0.0lbc  3.48+0.13ab  0.62+0.0lbc  1.99+0.06bc 0.54+0.02bc  1.45 + 0.04bc 50 S
0.28 £0.01c 0.33+0.01¢c 2.61+0.10b 0.59+0.01¢c 1.90+0.04c  0.50+0.0lc 1.40 £0.03¢ 60
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The presence of similar letters in each column indicates no significant difference at the 5% statistical level.
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Table 8: Correlation (Pearson coefficient) between qualitative attributes
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