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Extended Abstract

Background and Objective: In recent years, medicinal plants have attracted considerable attention from
researchers due to their bioactive compounds and effective role in promoting human health. Field sowthistle
(Sonchus arvensis L.) is one of the plants that holds particular importance owing to its diverse therapeutic effects,
including antihypertensive, anticancer (due to the presence of compounds such as chlorogenic acid and chicoric
acid), and antimalarial activities. A significant portion of these properties is attributed to the presence of phenolic
and flavonoid compounds. The application of natural biostimulants and plant growth regulators is considered an
effective approach to improving the phytochemical quality of medicinal plants within the framework of
sustainable agriculture. This study was conducted to evaluate the effects of salicylic acid and the biostimulant
Kitoplus on morphological characteristics and the accumulation of secondary metabolites in Sonchus arvensis L.
Materials and Methods: This research was carried out as a two-factor factorial experiment based on a completely
randomized design with three replications in the research greenhouse of the Faculty of Agriculture, University of
Zanjan. Seeds were sown in a 1:1 mixture of peat moss and perlite, and seedlings were grown under controlled
conditions (18/25°C and 60-70% humidity) until the 3—4 leaf stage. They were then transplanted into pots
containing 15% sand, 15% manure, and 70% soil. Foliar treatments with salicylic acid (0, 0.5, and 1 mM) and
Kitoplus (0, 0.5, and 1%) were applied every 10 days in three sessions. Control plants were treated with distilled
water. Two weeks after the final treatment, morphological traits including plant height, number of branches,
internode distance, and leaf area were measured in treated and control plants. Soluble sugar content was
determined using the phenol-sulfuric acid method with glucose as the standard, and results were expressed as mg
of soluble sugars per gram of dry weight. Spectrophotometric measurements were performed at wavelengths of
380, 220, 325, and 260 nm to determine the contents of quercetin, gallic acid, chlorogenic acid, and rutin,
respectively. Data analysis was conducted using SAS software version 9.1.

Results: The results of this study showed that the combined application of different concentrations of salicylic
acid and Kitoplus significantly affected vegetative growth patterns and the accumulation of secondary metabolites
in Sonchus arvensis L. Regarding morphological traits, increasing the concentrations of both treatments resulted in
a reduction in the number of leaves, branches, and internodes, whereas the greatest plant height was observed with
the 1% Kitoplus treatment, indicating stimulation of longitudinal growth and a potential shift in resource allocation
toward stem elongation rather than lateral growth. In contrast, salicylic acid, particularly at a concentration of 1
mM, increased leaf area and improved the photosynthetic capacity of the plants, which may be attributed to
enhanced stomatal activity and improved photosynthetic efficiency. From a biochemical perspective, the combined
treatment of 0.5 mM salicylic acid and 1% Kitoplus significantly increased the concentrations of soluble and total
sugars, indicating enhanced carbohydrate metabolism and increased accumulation of storage compounds in the
plants. Regarding secondary metabolites, the results showed that all compounds evaluated, including chlorogenic
acid, quercetin, gallic acid, and rutin, were significantly increased in response to the treatments. The highest
chlorogenic acid content, 0.809 mg/g dry weight, was recorded under the 0.5 mM salicylic acid treatment,
representing a 20.39% increase compared with the control. The highest quercetin content (2.964 mg/g dry weight),
as well as the highest rutin content, was obtained with the 1% Kitoplus treatment, whereas the highest gallic acid
content was observed under the combined treatment of 1 mM salicylic acid and 1% Kitoplus. Overall, the findings
of this study indicate that the application of salicylic acid and Kitoplus as biostimulants can induce positive
changes in morphological traits and significantly enhance valuable secondary metabolites. Therefore, their
application may be considered an effective strategy for improving the quality and quantity of plant production.
Conclusion: The findings of this research demonstrate that the targeted application of salicylic acid and Kitoplus
can significantly enhance the medicinal value of Sonchus arvensis L. through the modulation of vegetative growth
and stimulation of secondary metabolite synthesis. This approach can be regarded as a novel and environmentally
friendly strategy for improving the phytochemical quality of medicinal plants in sustainable production systems.

@' BY © 2025 The Author(s). Published by Agricultural Sciences and Natural Resources University of Khuzestan. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.


https://search.eitaa.com/?url=https://jrpsm.asnrukh.ac.ir/
mailto:mohsenifard.ehsan@znu.ac.ir
mailto:mohsenifard.ehsan@znu.ac.ir
0000-0003-3538-7498

Y 008 2la 0)lols) 1F+8 500b ¥ o,lols oF 0590 (AL ot gl jo Jidgh alxo

O]y oy FAR-ASTA Lo oleds

gy Ao
S » o) & (Sonchus arvensis L.) Jio g SGuw s (o biowiigicd 9 S 5e)ed 590 gwly
N g 9 el Sl b

TSSOl yuue Jgwy o (T el T Sl gusn (s SQL 0,8 iz (sl oS 5 1o g

Olpl el (ol oBails «(65,5Las saSiails « aLS Ly 5 adgs pwdige 05,5
U‘)"‘ ‘4.3.‘09)| sc\ﬁ.‘oj)‘ oKisls ‘6))5LMS uSliulo ‘(SQLj g.i..u) 9 J.Jﬁ.' LSAAJW OB;Y
ol ) o) Bims oSl o npab qlis § (65,5l 0uSils o SLEL psle 09,57

VFe8/+ YN LS & ,6 VPO o8 Vei o oy & 36

VE O/ Frdl yo g,

oS

S Gk 4z Lol el L1 50 S50 (28 5 Jledtann) LS 5 il s p)ls (ol e gl L o i dus g adil
S 5] pn slays Sl 610,550 b 45 ol JALS a1 riorg S ol oS o 393 41 o) Ky
3,18 lojm g el b Yloas Codlad g (S5 ,5508 dunl g apnl S5 1S wiile SLUS 5 8929 dlaulsa)) Gl pwas ol (9> jLid
9 ek Gy Lo e (655540 9B s 00l S (0Bl 5 (B LS 5 jed 4 el nl Sl (s JB A
Ol ogdion g Sl 65005 9zlr 55 (29)ls JLS (lerdgid CuhsS S )3 Fhe 63,509 (BT ) slaoniS pla
oLS s gl slacdplbie moa (lies 5 S39ded 50 Sla Ty 2 WS Sy S e g sl Sl S L) Saa b ey
) 235 plnl (phg S peh
Mol S b LB yo oo g Jo,9556 ialosT & ygody ol olRzils (65,5l oaSitils Slidos GllS jo imgh ool il sbgy g Slge
oy VAIYD) o0 S byl 1o 5 50 ¥ alom o b Lol 5 S oy 5 ooty V1) iy 0 oty ks plosil 1S5 s b _bolss
L o5 lews ad Jitie S5 Ve /5 als 055 107 e 1O/ (g5l (slopylalS &y s 38,5 8, (Vo mF e gl 5 ol il
e UL sals (ol s ol Cugi a0 Sy 53, )0y (aoys ) 5 /0 o) dbsieS s (Vgnichoo ) g +/0 o) Sl g
s lass BlS 45 s e 5 0,5 e Alols L olass gy £l Lol Sy3ss8 90 lio lass cyyBT 5 m A2id 30 .00 las
Sl plime Gt S 3 llial plgredy SIS g 0l sl S0 5l sl i3 (g, b Jolone (slani jlade b (65 oslusl wall
Ol S egdeiSnl (29, b ol S22 (039 55 58 50 Jlome sloaid 05 Lo oy @lS G 8,5 518 o0liial 5550 Jole
03Il g 5 sl S5 15" sl SIB (0 5957 e S 03Il sl e 5 4 il Y g YYD VY VAL zgaJob )0 Qi
A oolatuwl SAS 9.1 15816 5 5l oae] Cows 4y gloosls LI 6l o (5,5

Ay 6ol (5,0 e )...’L oM gt Sl Gl glacdale lojan 0,15 a5 ols lis il (pl gl (badl
GRLS Ay jles 9o pa Clale A1 ((Su3eled)0e Dlae Sl iy (ptey St oS 50 4gl et glie gead 5 (g,
iy SO ,o0 cdimolis aS b edslive W gS do )0 S jlend (o wigr glas ) o yiig a5 Jl> 0 i85 0 S ke 5 as Ll (S sl
Gel Woo o G clale )5 059 Sl Sl ( blae jo ool il wl) gl 4y dile o) Caos 4 molin Suze a5 Job
s 1l s S g5 435, alled T3] A5 5 e o5 208 oL esid by Sy 5 5 e 1
18055 Sl e osinn Gl g s Sy CABIE L g a1 CABE L el Sl o5 5 s s st
S5 s gl loalylin g 55 Al oS 3 Slod Slyn Gl 5 s S dylin Syt S o w5 5 Jolono
Gl (o ol 4 Lol 5l o (g, 5 el SIS (i 355 el g IS ol (gui 2 3590 DS 5 a5 oS ol
S i osali Ygodon 10 sl Seborll Lo 5 S35 535 0,5 1 2,5 e <A+ ey sl S5 S fpon (i iy
Ol (i Geizred 9 S22 (9 005 2 )5 oo VAP e b s 395 (e (i 092 w0l diges Sl iy 000 V4 /¥R
seishee S sl el (2285 Lo 5o 2l S (e Gyt o5 (b o el s ay DL5S aop0 S e 50 G
Olg=e am MgiS g dnl Sl 0,015 a5 aas oo ylis anlllas )l ol (IS Hob 41000 ) oalive do 0 S s S L ol s
ely S plee 4 et gl lacudplie jlocae 2l g (Si3els8 )50 Dlas ;5 e Sl Sl b Wl e (stes oS pe
DS )8 azg )5 (LS Oladgl CueS 5 CuheS S )0 F5e

gy 38y Juowd Gl Sl oo Ol g sl Sl isdam 0 )l 45 s e LAS g%y (nl slaadl (S (6 S At
G5l Gleean ol e 9,50, cal wes Gl g o gme jsbar 1) sy Sa el 29yl )] sl slacdgilie Fi SG 25
255 )8 azgi 050l 0 laptcs 1o 29l Ol alerdstd CodS ) 6ln Cenj Lz b5l 5 g

1] o odouy g5
3,8 Gz ylus!

oo |
mohsenifard.ehsan

(@znu.ac.ir

09, ieaalS slaejly
Wl S 559,08
Wl SIE ‘;}’:""“)"'55

Sy S e

:0bciw! og2

S suL_J).v
o e, 8
T e oo (G
B LR RE——
9 S350 50
Sonchus ) s>
o0, 4 (arvensis L
9 Sl Sl Jls (5
Ry Ao WL giS
(LS slacdslie o
:Olas Y a)Lq.,.‘Zv ‘fo”o
AY-)

D0i:10.22034/jrpsm
.2026.580192.1113



mailto:mohsenifard.ehsan@znu.ac.ir
mailto:mohsenifard.ehsan@znu.ac.ir
0000-0003-3538-7498

Y 018 2bs 0Lol) P8 0L ¥ o lols F 0y90 (LS srcdglio )0 Jiupg} alxo

5 Seir—nsed slaanl b 0 e G catas JUS,

o Gl Ly oS 5 ol (Raskin, 1992) WS o byl osbowiiaes

500, 5 Sz 1y angil slacadalin puw aliles oo «3LS
CaslS 0d) pd 5 0a) Sla il plp jo ) olS sls slaguly
Sl Sl (Gorni, 2016; Wang & Gale, 2009) oo les
eI 5l (G lS slae T clad (l3 8 L rizren
s 3§55 G (CHS) jlis (js80lr 5 (PAL) 5L Sligel
(Khattab et al., 2022) s ls ga59igM8 ¢ Ju& OLS 5w
(S| 5T o 02 b Wl oo S 5 02l el 2 00938
ol e (5 Fgid O Shee S0 9 gulannST 25 alS
Faizan et al., 2020; ) 055 oLS ;0 Jdcn; OLoS 5 pesd

.(Nadeem et al., 2019; Prakash et al., 2021
5% es=ls osad LK JoSge So lareds vl Selencla
5 £L80 slayy ol e ( olusS] Saiiuen Canglio lal!
aS Iyl s Slo S| il slag 3l aodlad il 8l
S92 b (S gl S plgiear (U555 Al ) LS
5 sl slacalio aly Gl oot slbs slagl
59 ol 45 Lol assS oo e olS ol b Cundy S5t
9 F1S s Sl )3 oo Lol glicte (gl e 5l oS 5
S i oS g5l Coenl 4y ax g3 b i IS o Sl ol 39

Ol Slays (25,1 50 augl lacdplin o ds ik g iy
Alidee lacdale 58 SIS ) p2l g ploxl ) Soe
Slao 5y e () S e 5 Solcdlo ol

o=l e ansil slacglie aoad Glie 5 (Su5sd99 )50
38l g oleerdigind CotS sop sl ola) Sl &)1 jslaes

Ailee o (2l )

Loy g9l
oBiils (53 ,0lis ousiils Sliaass aSlxlS o ol yiegh
S b s o hebs 58 JupsiSTe Gaalejl 50 4 ol
oS i 5l oS ol b yiny s 5 alowl LS5 a b dolus
9 4td dmegyl oS 5 (mgple plalS ol il g aass
L lalad .o (6,)laeSS ailsds o Siaile> ley b g wiad asls
M/)j) Loo) OMJ)-J .]a;‘)_w o ‘;).: )LP b aw 4.1.’>).4
e 58,5 A, (MY o= i Casb, ¢ Gugandas 45,8 YAIYO
51 bsbe sol> ailflaz slaglals & byl b slalzs o tgs ;)
5 W ke ey e SIS AV g Slows 595 /10 s VO
A (6 )l ailBlas slaplads o WJlw wg iy )L, 2 50
=il ye, Les el MNVF Gl 5, &jg0 4 (83,5) oad JyuS

EPRV-F

Sy o ale LS (Sonchus arvensis L.) oiog S puds
039 JBgi g aily sloddle olls oS il Asteraceae oslgil> ;|
D ] Sl 5 i sle e lgn sloplal o3 L
5 o sliy 81 o9 oLS ! (Abin & Eslami, 2009) 54 o
il 65,5LaS (L2l 5l syl 52 03950l 5 005 (B (sle]
Alrekabi & Hamad, ) s,ls ST pb sbocpe; g ©lel og)l5e
OlaS 5 gog s Jds 4 o)l lals 31 o Jls )0 (2018
azrgi 9 j90 el S Lako 50 Loyl e (25 5 Jladans
o5 .(Aharoni et al., 2006) sSlazs 3 |1, 8 | S _iagh oo ps
s rals aiile iz (o9)ls (el Ghls (phoy SiS et
9 Sl S50, aile (SLS 5 092y Jo ) (lb e b 5>
Azizyan & Abdollahi ) cewl LYl os 5 (5,650 duwl
S s (29,10 Lele> 5l slodws isw .(Mandoulakani, 2023
Sy e 00ls Cod (GaSgigMl g (LS DLS 5 jpa> 4 (i
oS ol o)liac olenigid slaas i (Li & Yang, 2018)
S50, duwl aloz 5l (gousie 4 gl slacidglin 042>
(s oSl sl (S8l sl g S8l ¢ ]
Sl (gl cnl o a5 wlos 5wl 1) s 5957 9 eiaw 595 931
Chen et al., ) cwl oas i)155 ce oS 5 lgaeay Sije,lS
ool L on b a5 Sy Sy IS el 2018
Sl o Jhs zals )5 5550 Lids a5 sl YU SlosT
(Tajik et al., 2017) &S oo Wl by glgil 5505 Bg,e 8
SS9l &5 Sl (ngh (o) S 20 1 (S0 LS
5 ol ol il Sl 395 5 S o kS
9 25 b0l (5 Dt 0yt 0 Gyl
J—do e oS5 ol e oo JoSis 1) pmnslS g ;S
Lo )5 i St ) g (oom é B jlucem; sla Sy
351 5 pglidimn; 9 (6505 o)l @lime )3 slos S
.(Babel & Kurniawan, 2003; Torabi Giglou et al., 2023)
Foo Sy S e S plpred oligiS a5 wlesls (Las b 5,158
S ez 5 (S80Sl ol (ralil o Wlsi e
Cheng et al., 2006; ) 545 LalS ;0 asil glaccdglio adgs
aS Ws,S 5,155 (2020) Torabi ef al yuzon . (Mandal, 2010
Sl g i s i ea Ve S 8 S 0,8
3 Seledyee Dl S5t 9 SES 5 5 09 (Jedg kS el
20,5 glixi ol S

53 0l3059,8 (A S 5 S Sl ol 0 (G9 )
JsSlye 5 4, o a8 a5 Sy lyteay 45 Cuul Lol



f obl&o.b 9 uL»SJJ |»>5.~;

st bioagind 9 SO 59098 590 Fmly

w .l Cans 4 Sis slaolac B sias el OB 50 g
HolS” oS5 L 5 s 4Ll Joilio sl Sioo Fov oS5 o)lae
GtogySonn *[F0) 55y yos 5ild 51 oozl b baolae s >
shos 5 Jaigay 5 oy b ol (slodigad o 05 23

.(Jakabovd et al., 2012) sas (5,10855 wguudas a0 =Y+
sl S50 sl SIS < iinn 5395 Ol (g aT 0l
SsLaglone 15 pogid giSmml (09 31 ooliimmsl Loy (a9 3
Dgods ey 5 el S5 15 SIS sl (s 55 5l
S orSilen ¥ 5 Y 0 I XD s polie 0,8 S b alflas
WERWETS
ool oy 0 Jaibasl 0,53 Jodome Nia Ags abogy e >
Wb patde lagidy Sl olRiws )3 Cd (e oo i
YV goedob 9 o 35S lp yegil YA+ zgasb 45 5k
S35 (sl eyl TYO 5o ol ol S (5l ool
b o e i 059) Sl gl Y7 zoadgb g ol
w550k 2 Slr el Il slapoie Ll jo olo e i
b g5 plil g o lilind glacllé o Q3 o) L
slosls o3Y Slawlra g o 18 o5lusl plosil 5l uy ddel Cwdas

O = u\.\.’L&.’) 9 WL».A J)'{} )O Q)‘.\JL.M»‘J.Q

ob,lg 40525 /Y asews SAS 1581 6 35 5l solaiwl b ool Cuws 4
Excel 1580 o, 31 ba,log0s o i Sz ol S0k duslie
=251 5 eolii ol L (puSilce Sluolie o oolaswl Yo VY asens

A plxl o 0 0 Jleisl e (o SSls glacals s

e g b

aS ol las Slae il )lg 450 ol 1SS 59l g8 590 lao

ool laie ol 31 odl 98 5 dl Sedowcdlas ooles Sl 31 5 0gdle
Sulosinn 13l 0, Sko alold § 5y Sl gy gl )l g0

Qs o gime sl Gl SISy mhaw Cio jo Ll wclils
cdale ol b as ol las (oSl dslio gl () Jgoz)
olass g ald slasd «F o olass ¢ ed gl g duwl Sl Il
Ol ks blae Ji1 Sl auolie ols a8l ials 0,5 L
A Cowl dms Sl aliBes zolas ;o oD gnS Oglas
w290 LS 0 )8 sl Sl o mhaw (0 45 655k
o 555 o0 Gl 0 45 (655b 4wk olS el )| a3
3,5 pae dy Cod aS dl Cewd 4y aigy £l )| e o YL
olis Gmalidlas o Ve /P ol Sl jao mhaw jo WS
50 8 e yiin sl SClec Il 0 5 )L (g () JSC0) ols
gl )| poM5eS 0,8 b g el s @y (B 55S yao prlans
gl )3 G (lw OVIFY) eli] (liae (oS 9 L hals

S U A/ O RSN U SV WP EESR R V V) 7
9o dalals o lalas s wl 5l sy (0 plxl Ko O 50
S obesd dagplals s plalS ST lpaul g JWSH Gl ey atie
590 V0 e Sebadlo anil s Mg S L (LBL Jolne )90 &
Sl Jols Lo o cdale ol plosl als o as jo LSS
Khatooni ef ) Yoo JooV g +/0 ¢« slacdale o SlwJlo
Ll 2 ) iy S yme 355 — 5 1S 5 al, 2022
Soy ) g /e ehle o (Gl lyrw LenS) —lieuS
yhie 0T L Lass sals lalS .assg (Giglou ef al., 2022)
o plasl (Bl Jslme ()3T 5l o atie g0 a5 Jslore
55055 Gyslaer Jelodsa iz gln wald 5 ond Lo lals
@l slaes g glas,l aile SG3els8 00 Slan islejl oLL
e olis b 5 s 5 ims odsS L osSo alob
Al (5 S ol

sl b g, s Jsrlone sloais et Jgdie (slousi
oedaie ol sl ol s (Irigoyen ef al., 1992) G, 98] g
VY Soe dy (uguadis a2 0 FO loo jo cilop 5l LS
Vo b ool Slis cdlp, 5 /) o 0 Sl el
Fslos o aiin SO o d g gl sl AV gl it Lo
(Do il Al 00 o2 Ailjg; 9wl (6,104 wgadis 4> (o
Vo 9 By rhie o b Y b sy wle 5l e )
35 WLl LFA S gy sl 2l Lea 8 5 740 J:8 2 o
e a3 £0 Ol plas ;0 4880 Yo onds (a5 ,9 byl
FAD oo sk jo iz ol odilu, laxe (glod 4 (s g 43|
O Sz S labin] (lgiedn 5915 5 ah (g ol fegl
e 2 gl e S35 ) o3litul 9590 Jolowe (laaid ol
8 ol S i )5 2 50 Jebe slaaid o 5 (e
Si5g A5 s S eIl (gl S s LS 51 (525 o) lae
Jeloisan 2 Sl i 39S 9 o
Sl L (2012) Jakabova et al g, 5l am gl slacJgle
sled o olS olep plusl S ekate () (gl o oolawl &l s
0 obwl sanSis bl wiok Sis wgaadew a0 FO
e Jslomo il den B b 5 o 58 o o5 koo B0 i
A g Le (wup g o]l L HPLC oy )5) (V/V) oo jof
Zlsol Cot ugpades 4z 0 YO (slos jo aids FO G 4y byl
D S d g 28,5 13 (gl akdo 10 al> o ¥ L) gl 2

| SIE (a9 e

oo lyd o) ol fenin il 4B 10 yg0 Ve s ey b Ak
Jitiie LacSiadls 4 s, sl Jolome 45 oy (0 1S5 b 40

a0 FO slas ;0 e0ins glans (=) Jodmme (o Ao



IAY 000 2lo 0 )Lol) 1F+8 5l ¥ o,lels oF 0590 (2LS slacudgilio jo g} adxo

O Js)

A odslive do )0 b WM enS g el SCLu Il vo s S

S s (LS S0 9988590 Glio 2 (WOl giS g vl Sl W1 51 (il lg 2 35 gl -) Jgur
Table 1 - ANOVA Analysis of the effects of salicylic acid and Kitoplus on morphological traits of Sonchus arvensis L. plants

Slaye eSSl
Mean of squares

Ol molio soliTas o g gl )|

Source of Variation df

plant height

J).g slaws o)_f.;L:n alols

internode distance

S » g

number of leaves leaf area

Sl Sl
Salicylic acid
BTN )
Kitoplus
oS X sl Sl

Salicylic acid x Kitoplus
Error U.> 18 2.82

2 6532

25212

4 34031 ™

40.44 ™ 2.81™ 1333.68 ¢

14.11* 525" 98469.43 ™

12.05™ 148" 9194.72 **

1.186 0.251 40.83

Coefficient of «l s o, 3.8
Variation ]

8.8 10.1 19.6

100
90
80
70
60
50
40
30
20
10

||
-

(o 5lo) @iy glis)|
plant height (cm)

/0

-

oS
Kitoplus

GY5e (o) Sl Sehncls
Salicylic acid (mM)
$95 $oges bghs .(Sonchus arvensis L.) iy Siui yis LS 30 o0 955 9 sl Sl 55T s gy g5 1 i -1 S5

(P <0.05) 0yl 5,0 Sxo wglas (SSls glals wiz u}o)T bl s Bg o b ool asidin polio waidd o L 1) jlmo Bl il ¢ jlogos

Figure 1- Changes in plant height of field sowthistle (Sonchus arvensis L.) as affected by salicylic acid and Kitoplus treatments.

Whiskers indicate standard deviation, the values marked with the same letter do not differ significantly according to the Duncan’s
multiple range tests (P < 0.05).
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Figure 2- Changes in leaf number of field sowthistle (Sonchus arvensis L.) in response to salicylic acid and Kitoplus applications.

Whiskers indicate standard deviation, the values marked with the same letter do not differ significantly according to the Duncan’s
multiple range tests (P < 0.05).
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Figure 3- Variations in internode length of field sowthistle (Sonchus arvensis L.) under the influence of salicylic acid and Kitoplus.

Whiskers indicate standard deviation, the values marked with the same letter do not differ significantly according to the Duncan’s
multiple range tests (P < 0.05).
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Figure 4- Changes in leaf area of field sowthistle (Sonchus arvensis L.) as affected by salicylic acid and Kitoplus treatments.
Whiskers indicate standard deviation, the values marked with the same letter do not differ significantly according to the Duncan’s
multiple range tests (P < 0.05).
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Table 2 — ANOVA Analysis of the effects of salicylic acid and Kitoplus on secondary metabolites of Sonchus arvensis L. plants
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Figure 5- Effects of different concentrations of salicylic acid (a) and Kitoplus (b) on Changes in soluble sugar of sowthistle (Sonchus
arvensis L.). Whiskers indicate standard deviation, the values marked with the same letter do not differ significantly according to the
Duncan’s multiple range tests (P < 0.05).
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Figure 6- Changes in chlorogenic acid content of field sowthistle (Sonchus arvensis L.) in response to salicylic acid and Kitoplus
treatments. Whiskers indicate standard deviation, the values marked with the same letter do not differ significantly according to the
Duncan’s multiple range tests (P < 0.05).
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Figure 7- Changes in quercetin content of field sowthistle (Sonchus arvensis L.) as influenced by salicylic acid and Kitoplus
applications. Whiskers indicate standard deviation, the values marked with the same letter do not differ significantly according to
the Duncan’s multiple range tests (P < 0.05).
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Figure 8- Changes in gallic acid content of field sowthistle (Sonchus arvensis L.) under the effect of salicylic acid and

Kitoplus treatments. Whiskers indicate standard deviation, the values marked with the same letter do not differ
significantly according to the Duncan’s multiple range tests (P < 0.05).



"

018 2bs 0Lol) P8 0L ¥ o lols F 0y90 (LS srcdglio )0 Jiupg} alxo

Ol Ol (it 4S5 psbar c8l Gl 8wl Lol
aoye Vo achle o Wle S L ead e alS o el
o=l ol 5l s as 0 YYITY e ool 45 0 cowlice
S Jbyo cnl (A JS) 040 aals lalS o sslcassay jasls
ol38l cely 5 sl Slcdls Voo Lo Vo cdale 5l oolainl a5
2 ol ol bl al pheg Saud el LS 5o (s slgioe

g oS hgtsS l eolitul bl il b anlie

4 a
3/5 ~

~ b 3 4

b g cd

q‘é

2 2
1/5 -

' /0

S S 0 oanline Slio ully 325 51 Jol> gl b
Oz 9 (0o )d S Jleil s 3) (dly g5 ool
e Jlel mhw 5o dlseSx sl Selele (S
S s HLalS 50 Sy Glaiome o (5o mxe Il 0o o
O Ol sl Seledlo S aS 09y Jlojo cpl ey 2
Slaizs a5 sls lis Jols mls (¥ Jgaz) i o g ol
il pe Ll 5 by =S Bl 1L 5 s,

b
= oS
Kitoplus
EO0L /0
9%

GYse o) NVOW| G WY POWN | oo
Slicylic acid (mM)

bglas (Sonchus arvensis L.) ooy i yuis (LS 30 w958 g dgml Sl 15T i sl S gl gsiomo ol pudd -4 JS

355105 (6510 Smo gldy (STl glasold v 05051 bl 33 Sy Bg yo b ousls asinn yolio WS oo LS 1y o Bl pzil loged (595 Gog90s
.(P<0.05)
Figure 9- Changes in rutin content of field sowthistle (Sonchus arvensis L.) as affected by salicylic acid and Kitoplus treatments.

Whiskers indicate standard deviation, the values marked with the same letter do not differ significantly according to the Duncan’s
multiple range tests (P < 0.05).

SUEI 8oy (gt 5 ol o5 am5gn i DS
Gl ez g (losdgdls je So 20 g (LATAD Slagly
Elbouzidi et al., 2025; Giglou et al., ) 355 o0 oS 55 () g
=S 5 sl 5o dl I 201581 .2022; Zong et al., 2017
35 ol ol 5 0asnoclts i st 5 sl Selsmlle
Gl LB LS5 L s Ssbio o s S 205 50 lows
Aazami et al., 2023; Mahmoodi et al., 2025; Nabizadeh & )
Sleslawl pae Ll i o Sy, sleis .(Haghshenas, 2026

5 Sl S 2t 5557 el K59 15 (slgizmn lo cine i3Sl
e L Bl (DS 5 el el & Gl 3 (s,
Sl ol iy S oS 55 Sl eid o
Sdlsgel (¥l s godS sl 3l g5loled L ol
5 8 LS 5 35t sl e (CHS) Sl 5S> 5 (PAL)
Antolinez-Pérez et al., 2025; ) oo w338l sa_3e5dd
(akgi— oyl yo (Khattab et al., 2022; Park et al, 2019
Sl Sl Lagie SRS 55 apl S350 157 (e (bt

Sl sban (MatS clale ol L g ol Sl b
Aoy V dls S e o o jlake op iy g il (Ll
gl 2 Vs ams e S 85 sanli
Sl azr ST0)1s (g, 5 S0 )0 Sl Sl
7S Bl oad Lol s lyiome Gl carge o ael
12 s )3 Dogldi 5| (Bl Al oo 4S 39 WLy ]
Khan et al., ) a_isb oS 5 90 ol lawgs ool Jlad SLILKw

.2015; Nabizadeh & Haghshenas, 2026

o0 fl“’"‘L“’" Q—" A LnguJalc A¢ RNy QL.M.: aS ol cvaliwe
S Sl ale angil pdgilie SG Ty (65 e LB
Ol o 1y U i wo o ) cdale (o ohga b eSS
LAl 51 (b ol oo (il ul ols (ylis sy g e S
Ol i8] cezge Cole j0 4 wib olS o ()8 g (590 Jlal
Cheng et al., 2006; Park et al., 2019; ) 5.3 o loabgigdd i

oS i 565 (gleizme iul5 8l (Torabi Giglou et al., 2023



Y Ay g yleS 5 159w

st bioagind 9 SO 59098 590 Fmly

590l gy g e BeS fden il Coge woyo ) cdale
Sl Sl 9 b giS a5 o o LS laaidl (pl (g gome

bl o ) cobie o S5 SLeS S Gl wily o
S o oS 50 an il slacIplie 0 dgi Coshl 5 So5elg 5
So—t ;0 Wlgi oo gl Sheslinal gy cnl 5l g aail z5kae iy
WJlo o=l L oS ol oo 5 ol cpl (29,10 (23,] 9 oS
iy (LS5 Gl S g5k 5 5380 S0 4y pltws (sl
oy il oo 50 olS gl woany] slaimgsy ;0 95 o0
Sl ol (b 5 90,5 bl (e ot blyd v
Ol Loyfie OlaSy s b e (JoSoe 9 So39050 508
3o Layles ool 0 p,LS ‘_;?G_MQ&A‘ 30 g 09 axlllas (g i

Dy 5,8 Az 090 (5l Adg ulide )0 g ac )t )l

&b

Aazami, M. A., Maleki, M., Rasouli, F., & Gohari, G.
(2023). Protective effects of chitosan based salicylic acid
nanocomposite (CS-SA NCs) in grape (Vitis vinifera
cv.‘Sultana’) under salinity stress. Scientific reports, 13(1):
883. https://doi.org/10.1038/s41598-023-27618-z.

Abin, A., & Eslami, S. (2009). Influence of maternal
environment on salinity and drought tolerance of annual
sowthistle (Sonchus oleraceus L.) at germination and
emergence stage. Weed Research Journal, 1(2): 1-11.
https://sid.ir/paper/230816/en

Aharoni, A., Jongsma, M. A., Kim, T.-Y., Ri, M.-B.,
Giri, A. P., Verstappen, F. W., Schwab, W., &
Bouwmeester, H. J. (2006). Metabolic engineering of
terpenoid biosynthesis in plants. Phytochemistry Reviews,
5(1): 49-58. https://doi.org/10.1007/s11101-005-3747-3.

AKkif Acgikgoz, M. (2025). Salicylic Acid and Chitosan
Elicitors: Pre-Harvest Foliar Applications Improve
Antioxidant Activity by Increasing Phenolic Compounds in
Achillea Gypsicola Hub-Mor. Chemistry & Biodiversity,
22(7): €202402716.
https://doi.org/10.1002/cbdv.202402716.

Alrekabi, D. G., & Hamad, M. N. (2018).
Phytochemical investigation of Sonchus oleraceus (Family:
Asteraceae) cultivated in Iraq, isolation and identification of
quercetin and apigenin. Journal of Pharmaceutical Sciences
and Research, 10(9): 2242-2248.

Antolinez-Pérez, M. F., Fernandez-Trujillo, J. P.,
Sequeda-Castaiieda, L. G., & Pineros-Castro, Y. (2025).
Induction of Bioactive Secondary Metabolites in Annona
cherimola Mill.(Chirimoya) Seedlings Using Chitosan and
Salicylic Acid as Elicitors. Plant-Environment Interactions,
6(4): €70075. https://doi.org/10.1002/pei3.70075.

Azizyan, R., & Abdollahi Mandoulakani, B. (2023).
The Effect of Drought Stress on Some Morphological,
Phytochemical, and Biochemical Characteristics of the
Medicinal Plant Field Sowthistle (Sonchus arvensis L.).

N Al
U sl Sl 5 (3l 1S 45 0l S ng’y gl

oS ploadsn Gloarli 5 Suiglsdise Slio n )l oe
GelS g Lo jlas cul cllale (8l ls iy Sl el
0,5 e alols 5 a5l olss o5 ol aiile g, Slio 5
palonil S gl g g g5l Sgepe 4 laclale (S o Lol s

oy ) ehale b pdbglS e jo agr el ioldl o i
slacdale o 0% gan ol Sedwdlo izman 0l colic

03,5 hawi |, Sl (OsiS (2alS ST codlys cavgte
(otlrontgm S1a 5l aes (al8l b L 1, olS (g 5tnsid mhaw
ausill slacagbio g Jodoo sloaid bl czge jlasd 5o 2
Yoo shoo 10 clale jo ol Gl dls 4S5 jsbay casa s

doye ) achle o oMg=aS g Jodome 08 R S e
8 a9y 9 Sl S (s 5987 ol S5, 1S el Joid
| 55U oyt sl Silndlo sdl (il 6 )ls sne sbas

Journal  of  Crop  Breeding, 15(47): 41-55.
http://doi.org/10.61186/jcb.15.47.41.

Babel, S., & Kurniawan, T. A. (2003). Low-cost
adsorbents for heavy metals uptake from contaminated
water: a review. J Hazard Mater, 97(1-3): 219-243.
https://doi.org/10.1016/s0304-3894(02)00263-7

Chen, L., Teng, H., Xie, Z., Cao, H., Cheang, W. S.,
Skalicka-Woniak, K., Georgiev, M. 1., & Xiao, J. (2018).
Modifications of dietary flavonoids towards improved
bioactivity: An update on structure-activity relationship. Crit
Rev Food Sci Nutr, 58(4): 513-527.
https://doi.org/10.1080/10408398.2016.1196334

Cheng, X.-Y., Zhou, H.-Y., Cui, X., Ni, W., & Liu, C.-
Z. (2006). Improvement of phenylethanoid glycosides
biosynthesis in Cistanche deserticola cell suspension cultures
by chitosan elicitor. Journal of biotechnology, 121(2): 253-
260. https://doi.org/10.1016/j.jbiotec.2005.07.012.

El-Tayeb, M. (2005). Response of barley grains to the
interactive e. ect of salinity and salicylic acid. Plant growth
regulation, 45(3): 215-224. https://doi.org/10.1007/s10725-
005-4928-1.

Elbouzidi, A., Taibi, M., Baraich, A., Haddou, M.,
Mothana, R. A., Alsufyani, S. A., Darwish, H. W,
Molinié, R., Fontaine, J.-X., & Fliniaux, O. (2025).
Elicitor-driven enhancement of phenolic compounds in
geranium callus cultures: Phytochemical profiling via LC-
MS/MS and biological activities. Frontiers in Chemistry, 13:
1537877. https://doi.org/10.3389/fchem.2025.1537877.

Faizan, M., Faraz, A., & Hayat, S. (2020). Effective
use of zinc oxide nanoparticles through root dipping on the
performance of growth, quality, photosynthesis and
antioxidant system in tomato. Journal of Plant Biochemistry
and Biotechnology, 29(3): 553-567.
https://doi.org/10.1007/s13562-019-00525-z.

Farouk, S., Mohsen, A. E., & Amany, R. (2011).
Improving growth and yield of cowpea plant by foliar


https://doi.org/10.1038/s41598-023-27618-z
https://doi.org/10.1007/s11101-005-3747-3
https://doi.org/10.1002/cbdv.202402716
https://doi.org/10.1002/pei3.70075
http://doi.org/10.61186/jcb.15.47.41
https://doi.org/10.1016/s0304-3894(02)00263-7
https://doi.org/10.1016/j.jbiotec.2005.07.012
https://doi.org/10.1007/s10725-005-4928-1
https://doi.org/10.1007/s10725-005-4928-1
https://doi.org/10.3389/fchem.2025.1537877
https://doi.org/10.1007/s13562-019-00525-z

application of chitosan under water stress. Journal of Plant
Production, 2(10): 1341-1358.
https://doi.org/10.21608/jpp.2011.85662.

Giglou, M. T., Giglou, R. H., Esmaeilpour, B.,
Azarmi, R., Padash, A., Falakian, M., Sliwka, J., Gohari,
G., & Lajayer, H. M. (2022). A new method in mitigation
of drought stress by chitosan-coated iron oxide nanoparticles
and growth stimulant in peppermint. Industrial Crops and
Products, 187: 115286.
https://doi.org/10.1016/j.indcrop.2022.115286.

Gorni, P. H. (2016). Growth promotion and elicitor
activity of salicylic acid in Achillea millefolium L. African
Journal of  Biotechnology, 15(16): 657-665.
https://doi.org/10.5897/AJB2016.15320.

Gupta, B., & Huang, B. (2014). Mechanism of salinity

tolerance in plants: physiological, biochemical, and
molecular characterization. International journal of
genomiics, 2014(1): 701596.

https://doi.org/10.1155/2014/701596.

Hammad, S. A., & Ali, O. A. (2014). Physiological and
biochemical studies on drought tolerance of wheat plants by
application of amino acids and yeast extract. Annals of
Agricultural Sciences, 59(1): 133-145.
https://doi.org/10.1016/j.a0as.2014.06.018.

Heydarnajad Giglou, R., Torabi Giglou, M., Hatami,
M., & Ghorbanpour, M. (2024). Potential of natural
stimulants and spirulina algae extracts on Cape gooseberry
plant: A study on functional properties and enzymatic
activity. Food Science & Nutrition, 12(11): 9056-9068.
https://doi.org/10.1002/fsn3.4342.

Irigoyen, J., Einerich, D., & Sanchez-Diaz, M. (1992).
Water stress induced changes in concentrations of proline
and total soluble sugars in nodulated alfalfa (Medicago
sativa) plants. Physiologia plantarum, 84(1): 55-60.
https://doi.org/10.1111/j.1399-3054.1992.tb08764.x

Jakabova, S., Vincze, L., Farkas, A., Kilar, F., Boros,
B., & Felinger, A. (2012). Determination of tropane
alkaloids  atropine and  scopolamine by liquid
chromatography-mass spectrometry in plant organs of
Datura species. J Chromatogr A, 1232: 295-301.
https://doi.org/10.1016/j.chroma.2012.02.036.

Khan, M. I. R., Fatma, M., Per, T. S., Anjum, N. A.,
& Khan, N. A. (2015). Salicylic acid-induced abiotic stress
tolerance and underlying mechanisms in plants. Frontiers in
plant science, 6: 135066.
https://doi.org/10.3389/fpls.2015.00462.

Khatooni, M., Karimmojeni, H., Zali, A. G., & Tseng,
T.-M. (2022). Salicylic acid enhances tolerance of Valeriana
officinalis L. to bentazon herbicide. Industrial Crops and
Products, 177: 114495.
https://doi.org/10.1016/j.indcrop.2021.114495.

Khattab, S., Yap, Y.-K., & El Sherif, F. (2022).
Salicylic acid foliar spray enhanced Silybum marianum
growth and yield, as well as its chemical constituents and
chalcone synthase gene activity. Horticulturae, 8(6): 556.
https://doi.org/10.3390/horticulturae8060556.

Li, X.-M., & Yang, P.-L. (2018). Research progress of
Sonchus species. International journal of food properties,
21(1): 147-157.
https://doi.org/10.1080/10942912.2017.1415931.

Mahmoodi, Y., Soleimanizadeh, M., & Yavari, A.
(2025). Influence of plant growth regulators and chitosan
elicitation oncallus induction and improvement of
morphophysiological, metabolic andantioxidant traits in
Chrysanthemum indicum L. Journal of Horticultural
Sciences, 20(2). https://doi.org/10.24154/jhs.v20i2.4515.

Mandal, S. (2010). Induction of phenolics, lignin and
key defense enzymes in eggplant (Solanum melongena L.)
roots in response to elicitors. African Journal of
Biotechnology, 9(47): 8038-8047.
https://doi.org/10.5897/AJB10.984

Nabizadeh, E., & Haghshenas, M. (2026). Kitoplus®
and Melatonin Mitigate Drought Stress Effects and Enhance

Stevioside and Rebaudioside-A Production in Stevia.
International  Journal of Horticultural Science and
Technology, 13(2): 197-210.

https://doi.org/10.22059/ijhst.2025.374562.815

Nadeem, M., Ahmad, W., Zahir, A., Hano, C., &
Abbasi, B. H. (2019). Salicylic acid-enhanced biosynthesis
of pharmacologically important lignans and neo lignans in
cell suspension culture of Linum ussitatsimum L. Eng Life
Sci, 19(3): 168-174. https://doi.org/10.1002/elsc.201800095.

Park, C. H., Yeo, H. J., Park, Y. E., Chun, S. W,,
Chung, Y. S., Lee, S. Y., & Park, S. U. (2019). Influence of
chitosan, salicylic acid and jasmonic acid on
phenylpropanoid accumulation in germinated buckwheat
(Fagopyrum esculentum Moench). Foods, 8(5): 153.
https://doi.org/10.3390/foods8050153.

Prakash, V., Singh, V. P., Tripathi, D. K., Sharma, S.,
& Corpas, F. J. (2021). Nitric oxide (NO) and salicylic acid
(SA): A framework for their relationship in plant
development under abiotic stress. Plant Biol (Stuttg), 23
Suppl 1: 39-49. https://doi.org/10.1111/plb.13246

Rahman, M., Mukta, J. A., Sabir, A. A., Gupta, D. R.,
Mohi-Ud-Din, M., Hasanuzzaman, M., Miah, M. G.,
Rahman, M., & Islam, M. T. (2018). Chitosan biopolymer
promotes yield and stimulates accumulation of antioxidants
in strawberry fruit. PloS one, 13(9): €0203769.
https://doi.org/10.1371/journal.pone.0203769.

Raskin, I. (1992). Role of salicylic acid in plants. Annual
review of plant biology, 43(1): 439-463. http://
doi.org/10.1146/annurev.pp.43.060192.002255.

Tajik, N., Tajik, M., Mack, 1., & Enck, P. (2017). The
potential effects of chlorogenic acid, the main phenolic
components in coffee, on health: a comprehensive review of
the literature. European journal of nutrition, 56(7): 2215-
2244 https://doi.org/10.1007/s00394-017-1379-1.

Torabi Giglou, M., Heydarnajad Giglou, R., Azarmi,
R., Salimi, G., Maleki Lajayer, H., Mokhtari, A. M., &
Bagherian, M. (2023). Effects of Kitoplus® and Chitosan
coated Iron Nano-oxide on morpho-physiological properties
of peppermint under drought stress. Journal of Vegetables
Sciences, 6(12): 135-146.

Wang, F. P., & Gale, J. F. (2009). Screening criteria for
shale-gas systems.

Zong, H., Liu, S., Xing, R., Chen, X., & Li, P. (2017).
Protective effect of chitosan on photosynthesis and
antioxidative defense system in edible rape (Brassica rapa
L.) in the presence of cadmium. Ecotoxicology and
environmental safety, 138: 271-278.
https://doi.org/10.1016/j.ecoenv.2017.01.009.


https://doi.org/10.21608/jpp.2011.85662
https://doi.org/10.1016/j.indcrop.2022.115286
https://doi.org/10.5897/AJB2016.15320
https://doi.org/10.1155/2014/701596
https://doi.org/10.1016/j.aoas.2014.06.018
https://doi.org/10.1002/fsn3.4342
https://doi.org/10.1111/j.1399-3054.1992.tb08764.x
https://doi.org/10.1016/j.chroma.2012.02.036
https://doi.org/10.3389/fpls.2015.00462
https://doi.org/10.1016/j.indcrop.2021.114495
https://doi.org/10.3390/horticulturae8060556
https://doi.org/10.1080/10942912.2017.1415931
https://doi.org/10.24154/jhs.v20i2.4515
https://doi.org/10.5897/AJB10.984
https://doi.org/10.22059/ijhst.2025.374562.815
https://doi.org/10.3390/foods8050153
https://doi.org/10.1371/journal.pone.0203769
https://doi.org/10.1007/s00394-017-1379-1
https://doi.org/10.1016/j.ecoenv.2017.01.009

