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Extended Abstract

Introduction: Cadmium, a heavy and hazardous metal with an atomic number of 48, is increasingly disseminated in
agricultural soils and negatively affects plants due to its high solubility in water. The toxic distribution of this element
in soils and plants leads to reduced germination, impaired plant growth, and diminished activities of antioxidant
enzymes. Marigold, belonging to the Asteraceae family, possesses the ability to absorb cadmium from contaminated
soils and is recognized as an ornamental and medicinal plant. Furthermore, employing seed priming techniques can
enhance the plant's resistance to environmental stresses, including cadmium exposure. This study investigates the
effects of marigold seed pre-treatment on growth, physiological traits, and antioxidant activity under cadmium stress
conditions.

Materials and Methods: To investigate the effects of marigold seed pre-treatment on growth and biochemical
characteristics under cadmium stress conditions, a factorial experiment was conducted in a completely randomized
design with three replicates at the Agricultural Higher Education Center in Bardseer, southest of Iran. The study
included two factors: varying cadmium levels (0, 30, 40, and 60 mg/kg of soil) and four types of seed priming (beeswax
pomace, vermicompost, cordia fruit extract, and no priming). To prepare organic extracts, dried and ground materials
were mixed with distilled water and filtered after 48 h on a shaker. Seeds were soaked in these extracts for 12 hours
before being sterilized and sown. The dry weight of aerial organs was measured, and biochemical characteristics such
as phenolic content, anthocyanins, proline, protein, chlorophyll, carotenoids, and antioxidant enzyme activities were
assessed. Analysis of variance was performed using SAS software, and mean comparisons were conducted using the
LSD test.

Results: The results indicated that increasing levels of cadmium stress significantly decreased the leaves/plant,
flowers/plant, dry flower weight, dry plant weight, concentration of chlorophyll, protein, and soluble sugars, and
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catalase enzyme activity in marigold plants. However, cadmium stress elevated the content of the guaiacol peroxidase
enzyme, anthocyanins, phenols, and proline concentrations. The effects of priming with different organic materials
yielded varying results across different traits, with the effects of vermicompost extract and beeswax pomace being more
pronounced compared to tamarind extract. Additionally, as the severity of cadmium stress increased, the positive role of
seed priming in mitigating negative stress effects became more evident. Particularly, at the stress level of 60 mg of
cadmium per kg of soil, seed priming using vermicompost and beeswax resulted in approximately 66% and 54%
increases in mean plant dry weight, respectively, compared to the control, while at the stress level of 40 mg, the
increases were 12% and 7%, respectively. However, under non-stress conditions and at the 60 mg per kg cadmium
stress level, priming did not affect chlorophyll content. Seed priming with organic materials, especially vermicompost
and beeswax pomace, exerted different influences on the activities of GPX and catalase antioxidant enzymes under both
stress and non-stress conditions. Under non-stress treatment, priming did not affect guaiacol peroxidase enzyme
activity; however, at cadmium stress levels of 30 and 60 mg per kg, seed priming with vermicompost yielded higher
guaiacol peroxidase enzyme activity compared to the control and other treatments. At the stress level of 40 mg of
cadmium per kg, no significant differences were observed among the seed priming with vermicompost, beeswax, and
cordia extract compared to the control. Meanwhile, the application of all three priming extracts (vermicompost,
beeswax, and cordia) significantly increased catalase enzyme activity across all levels of cadmium stress, with seed
priming using vermicompost and, to a lesser extent, beeswax pomace producing higher catalase enzyme levels than the
control and other treatments. In this study, soluble sugar content increased under all three cadmium stress levels with
the application of priming materials, with vermicompost and, to a lesser extent, beeswax pomace showing the best
effects among the priming treatments. Furthermore, beeswax and vermicompost extracts led to a 44% increase in
phenolic content in marigold plants under 30 and 40 mg per kg cadmium stress conditions.

Conclusion: The results of this study indicate that cadmium, as a heavy metal, has detrimental effects on the growth
and biochemical attributes of marigold plants. According to the data obtained, increasing levels of cadmium resulted in
a significant reduction in the leaves/plant, flowers/plant, dry flower weight, dry plant weight, chlorophyll and protein
concentrations. However, cadmium stress led to an increase in the activity of antioxidant enzymes such as guaiacol
peroxidase, as well as anthocyanins and phenols concentrations. Seed priming with organic materials, particularly
vermicompost and beeswax pomace, significantly enhanced the plant's resistance to cadmium stress. At high levels of
cadmium, these methods contributed to increased plant dry weight and enhanced antioxidant enzyme activities.
Particulrlly, seed priming with vermicompost and beeswax pomace demonstrated greater efficacy in alleviating the
negative effects of cadmium, allowing these methods to significantly maintain plant health under stress conditions
through increased antioxidant activity and osmotic regulation. Therefore, these seed pre-treatment methods have the
potential to be incorporated into agricultural optimization programs to enhance plant resistance to environmental
stresses, particularly those arising from heavy metal contamination.

Keywords: Enzyme, anthocyanins, Proline, Phenols

How to Cite: Javari R., Pourghasemian N., Shamsoddin saeed M., Moradi R. Effect of seed priming with extracts of
beeswax waste, vermicompost, and cordia residues on response of marigold (Calendula officinalis) to cadmium-
induced oxidative stress. J. Crop Product. Process. 2025, 15(1), 55-70. (In Persian). DOI: 10.47176/jcpp.15.1.30861

commercial uses of the work are permitted, provided the original work is properly cited.

Copyright © 2025 Isfahan University of Technology, Published by Isfahan University of Technology press. This work is licensed under a
@ @ @ Creative Commons Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/). Non-


doi:%20https://doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/
doi:%20https://doi.org/10.47176/jcpp.15.1.30861
http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

DOI: 10.47176/jcpp.15.1.30861 00—V« . o ) oyle V0 o5 Vvt 2L 5 olys SN gmms (5515 5 5 4 i

s s Ve o515 5 A5 iC['P
https://jcpp.iut.ac.ir/ :«, ;& Kb amis AL s

d& o, lae L (Calendula officinalis) lg adwes 4 Hlagd s JI o)

£35S 5l henS | A5 @y Fewly 53 Ol 5 S90S ()9« Jo 5585 p 90

id:‘}a Al Cj)‘gr.\.;m Cﬂ""‘d"’“"; a5 does ¢ '*“'bl:Mls)_,.; Aﬂ..ig\d)jl:: d“yﬂ)

SIS slanllan p yaslS Commn 14 oS cpl englie I I slse 5 a5l U lettoen oS5 Simly Jedly s o — 0SS
VE) w3 Ol 8 by ol s $303LES Il 2500l 55 0 Lo KBS 50 51,0 4w b (ol Sl b B 53 oy 556 o0
LSl aden olS 5o Sled iy 092 556 5 (S p S bS5 pguedlS S e Ve 80 0 ) b e 50 paeeslS 235yl S0l I b
poedlS S gl Sl L a8 sl DL g Kialy ok 5 Ol 0 900 s g (005 < o 555 30 A 1 Jald T sl g (55 o slas
Sol3snn 655 4 lg adeer oS 3 SYBIS 05T Cdlad 5 Jshoms U5 s (B NS &5 g 2 055 (S S 055 (JE sl (S sl Dliw
WS 5 G g o35 0028 S o ol 53 315 Gl 15 ods 5 8 (il 55T SlenST 5 JSUE 05T Colad pguslS 5 Il 2l alS
Pamt e GRS e SIS Al ok Sel e G pgpeslS A okl I L imes 3 B0 sgte Ol )lae 4 o bt 535 00
9V g Ghalidl sl i ity 8 90 5 S aS g0 b s Kirasly (S p S5k goaslS o 5 oo Ve 205 s )3 a5 g5 5bay
A3 VI W] i f g SR ) S p S paaslS 0 S Jn b0 25 Tl 2 3 S Jl s il dald 4y ond W S 05 Kl 02,
—m ) oSan s S5 B gl gmme GBS Sl (25 pde 5 A5 Tl 5 e s pep B 5 S geS s 02w I 3lse b od Kl o
b 53 3 5 G goaS g5 5 S 5555 p 30 B Lo puats anlllan 5590 M 3l g0 51 oolisel dew oo eyl plis ls SR151 (5ls ne sk

S dad 1y A Ol o 5 G by 5 038 Cliblons pgmeslS 20 Ll b 53 1 oS Sl (s ol iS5 (SIS ST

S8 s sl T (T g AdST slasly

VEFAYYO el sl QETAAYA  E Ll D ETAAYA 1 S50 MY/ gY e e il s

Ol e S il dgd olKEls s (6355UaS 0dSCEls o ls OALS (2l S ¢ SLeb axdy ki)l ol IS aist gl 215 )
Ol Olo S ol g ol s s 2 (5355158 0 IS (AL DI 57 05 S Olslind 5 LS 550 ¥ 5 Y

Ol et S5 ey g 5 ol (65,5108 02Tl (oS Dl 5 05 8 5Ll 8

n.pourghasemian@uk.ac.ir :4sUL !, «J gt odws 55

O ey ol QWlWelﬁiJ\:qdm‘w RELI S ey ® @
J@ﬂjmﬁu;@xﬁ@w;ﬁuﬂ,um@C?;t;wu,_Jaj,:,,;\bné)\;gﬁ;uu;wlO;,Mau,;:wﬂ;&\;;,gomdn ch‘EIA

1!

Creative Commons Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).


doi:%20https://doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-0498-7311
file:///C:/Users/Sepanta/Desktop/Downloads/n.pourghasemian@uk.ac.ir
http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

el adeed s Sl g S e R — ole Al

Ol ol iomad  dited p el oSl QLS s >
JUsl 5 Sl Ol St s peeslS mha 25 L S D
Cilire S S e s b GRUH S SLLS s sl
S Glasdlas 55 (V) 505 gy (Sols e el OlalS
gl Al 5o |, (Calendula officinalis) [lg aioes B el
VL Bl Wssed S8 (Lng 03 S ) p SISl pseelS
5l il Sy 5 05y SRS Sl St s el
eSSk V) SL el sl VL s e aly
S5 0 s pll 5 055 A8 e (S p S S e seeslS
Oeemer 5 el dald jled a4 Sl Lo s VWl alien
D sl Sl adeen 8 olpe plUl s p sl Ll
(TE) b il dals s
sl Gy Gl el s s et Sl (S
O daulsn & ol i) L Kanal ol L Kial
Lild boagrlse 5 255 e 3 85 13 51 R ok
Sl abardisg 5 Seidnns Bl 4 b (54581
Cowsas |y o delesl Lyl 5 g5 losase G5 alg
Sl 4 Ot Cew boosk Semly sl
Lol 35 o o Ay 5 Lo Sle 5 S s b5l Esl e il
gl A Wl Sl S Gialer s araly, mo s
Sl Gl O Simlpsstes Joli Sl
JUsersn 5 dalr Sl Sonly (ol lad sloe)
OLGan 5 Glabu (V) dieas (L) glaodisS (las) Snsl
Lol 4 s el sled g sl LS 518 (Fe)
A o i, cilie >1e 5 eaailr e e Jals
b e el Lls 518U el cplply s S5 LS
sal Sy QLS 5 J3ailer Jl s el e e slaydy
s Gl G bl el L el el T
eS| g GlenST GV Al OluenST s L;um-ﬂ

LK 5 o5l Ol g,

PRV

o pole SEA il sde b b s (e pgeslS
ol il a5y 6355lES sla b s o i 1S oS el
ol S 5 ol 5 Yo el Jsa oK 5l
LS 5 2 pgeslS S Olse (F9) 2550 pmims SU o
2 o Ol «SE 035 0SS 5o p S e /00T
2 s Ol e 5 St 055 0 S 5hS 53 0 8 den 00 1S,
5 el i 055 p SAS 5o p S e AT sl S
2 op S Ym0 Ol GlSE s el Gl bl
(A el 0 S 5k

Rl 5 s e sole b il daulse pgelS
Spdie oS Conyemt o s b sb 0 LT L 0AS
Al 4 Ol e pseedlS Cas 35gie (Ole dax 51LOVY)
St 035 Sl elS ad) Slee dbaamalS wl; (Gl
355 o,Lal OIS lan 3T e 2alS 5 wils 5 w5
JERC I S FE R SR ESN (1
0> Jes Gl sl Sl ialS 5 (s g Gl Ol
sl 5 O3emS1 dld St S ) 5 S o e Oz s
@) 353 ] s

S s L alS (Calendula officinalis. L) [lgaioes
S AL e (Asteraceae) .S edlgls osls — 23 OblS
2 Ay QUls a8 5,8 e I3 el sy e glb s
Gl 8 ol el mde 1 O Late ajls 55 1 o)1 bl
R e W RS SV PV INT-E (C B B VI VP K oS o)
sl S Ghls 5 e LSS58 5 peple (S8 N0
(FE) Gl 3o 5 A8 Se ot pldl (Sl

han) o3 ol 0S5 an SUls adllles 5o O Kisss
3 peedls Ul 5 ol s (2 Ols ST 5 s, b ole
Zh s ole adees &S Wl Ol ppeslS a3l slass

OA


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

UK 5 o5l Olgs,

Veve /) aJLmi/\O b)))/fb}j‘))’ QYW LS)}I)éjv\-:!}; 4.3‘_),,..2.;

Jho S pcslu A Sde a5 bgse 0 4 ) Cod 4 hato
L osled i S Lds Ols 5 s S 413 (Ks260, IKA)
Sl VY e Sl aloen ol (Al 5 T sle o las
hie O L L,y OF 5 e i odilewst by o o jliae o
G oas esls L3 sl 8 sl s Yo glos 050 L3 5 aned
Lpd S el asb

Sy5e Cj:,m\S el S s w,:»slS Dles Jlesl (gl
S Sl s S e Al (Gl S w5 acile oslinal
LSSl ol cud b de s b, b Slaaes SLalS s ol
—OIS 55 s Sl 5 Ssie s el Dle i lasds s
L 4 esbel gla

O35 SSelhl gl s il OIS 8 53 S, Jf
Sk 8l ALS ladisel (S5 S5 lse slaplll K
L e 3 S 03l 513 51 S tlo a3 VO 5l s el Y8
i ol sl (IS e L 055 Jlams sslS
STy ISLE 5 VB ST 5T s 5T o
S s Jds IS sleesSSs e (oloe sladd
RE S NOSIISI TR

Sl alme Sl eslial b VB 5T s e
oo b esl YEe s (H2O02 Slude 2alS) HaO2 ol
A plosil (M) OIS 5 15,50

O yns Sl eslizal b 5lueSTy JSUE w5l e dled o
N R I Tt A AR A LR R
aals sl |25 JSLB Slude €m-1 mMol-1 5/25
R

LOE) OLen 51555 gy el 0 IS 3 L (sl g
A b e S a6 Sl s b me Sl eslinl
oBaws 5l oalizal b 2l VO 50 sk 53 5 (6,50 las
A& (s xSelul (Germany Spekol 2000) s 53 5 2SSl

04

s Bl el b 5T s 5 STy, 055658 L e
A7) 335 0 3081 Sl g1 05 e

e 3lwoslel 5 a3k sladul 3 b fes 5 pse
Olgeay 5 o3g (oM 3lse Sl 28 558 00 W55 Joe 55 )
23 el g S Olgeay ole l o e a0 A
Lo Ghse ool Lo 5 S o (i A5 4 Coplie sl
() sl e Sl

B o R N R
e ) sl et 4 e Sl e
L L 0Ll bl (58 0 QLS A5 5 S, 2alS &
e 6 Al L Sl gl iy 8L cplply S e
S cpl by il e O Kiassy a5 555 oS I3l
55 ol adeen ol Dled Sl Sl o Gy onl el
o5 il 3 OF G SI ST e 5 (Sl s i

.Jﬁ 6_9,:».)5

- TIIre
ST slsn b lpainan ol 50 sled iy b s Jskien
53 el e Shs 5 A, S adlas Sleds ol
gl 2 st Bl O o T psesls 15 Ll
Sy Gliked SIS 53 LS aw b bl LB b
V) OloS al g ol s (535U Jlo 550l
T o) e e o3 el sl 5556 s
Vs 3 6y o aadllas bl (S p SIS e S e
oobas b od Suwl g5 5l oo 058U 5 A Ol edan
Ol o30S g3« b 50 ) il JT o5
s s S B s (e s

(Jeesis pe AB) I slse ojlas giluesle] g
5 Szl sy e slge Ml (Ol 0300 5 CoigeS o5

T L e S 35 (ALLB, IKA) Jis 5 Slwl law s


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

el adeed s Sl g S e R — ole Al

LK 5 o5l Ol g,

2 Kirasl 5 pgreals S5 i jlgpadionn obS (k) slo byl B (Sla o 5 Rils) il 428 ) Jgar

G Sl 05y S Six 035 S olaw Sl golil e s i e
ATAR A YEEE NAF WA Al p eSS
IVEE VEA T-DAL VA A R S Vi b ¥ Sl
VAYATE o/veons VEVE Y q Sioogl x pgeasls i
ZARR ARR AR VA vy o

S 5 5 eslizal b L ls god ey 5 plnil (LSD) 3503 e
b S 50 Excel

Cou i
SSPP Slaw
xS sla Jald () bzl uilsly 4
Slio aan oS 3l Ol @y Si 05y 5 8 Sis 05 S
\ Jlezl o s &ﬁtﬁjfﬂgtsu;u,;uQ,x);x
Sl U3 o & Bsd Slio aan pizmen LB S 15 Ao
Jor) L8 8515 Sl 53 p30e0l8 (S Sl o IS
.0

S 5paS sy Swasl 558 5 s ple Ll n
R S D T
Sax 035 0 SV 5w 0 ST Wiy s S YA
Saglyy (Y 8 5 0 5 =) JK8) ws sdalis 655 IS
Lyl i oo 5 Sl I3 el e axis 5 Jes g pse
03 L s b B8 Dlie )3 b pme SRl e 5 5
OBl o dald 4 Sl 50 Ol 0500 0sle b les
—a e o5 e B 5 S s (Y IS S
ST s Pl i slge 5ol e S el s S Ol e

.)\ka'&aj;..cns‘j.’wjioj\ JL@:;-lcla..dﬁ)\;u;.«.« %JSQ%ZC-

Sl sl Jlde 6 Seilll g (V) S5 g, 3l
GSeolas olS oles el 5l e S0/ s eslizal olss el
Locble als s (g, Se3lll eyl 000 T dsb oo s
A ol M-1CM-1 33000 gl g 1 51 eslicd

M) i oo bl 2S5 3L 5l s gl A
codsb 3 5 s Seslas Al 5ok e S 0/0 05 S el
310kl powe 5 S5 e gh s 1Sl ) eslizul b ze b O
NPy

I (Y0 Jleaed Saoy Sl eslesad b IS Jds 5 Sl
A 5 S

0,50 B me Sl eslitad b Jshows gladis Slude (g Sesl0l
dsb 3 5 ,Seslas S, 5 il @5 YY) A s
o A3 e a5l S ekl 256 Y0 e
A eslizal S I8 s st

Voo ool sl gbad o ontis p clle i ol 5
Jsb o3 eas5l e sm Bome A e 0 (52 oslas 2y Son
e S ekl b 5 5 Clle s okl e gL 040 e
(8) L aulses 5 Il

Coso AL 05,5 SAS Al b olaesls uiboly a4
sl Bla ogesl 51 eslimal b b Sl aslie 5 o3 S


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

UHKer 5 soslr Olga,

Outs Beps s 8 s 05 p0 ot

€

g de  gpde of of

0 olen . mm:

0 30 40 60
(S5 p 5 35 5 psslS p 5 o) p S S5

Sy S sl
=

spg_s}fgdtgiqgw@wogf,a(y)uﬁ,aJ§;|M,<J|)3ﬁ|mﬁc,¢;s&s,&.ﬁ

z

4)\9;).\»5,33'-\.'5

Veve /) UL:..J:/\O A)}é/g\g}jbj QY}M LS)JIJAJ'\'.JJJ 4.3‘_/,,..1.;

. a Bl Belgs oy Bl s Do

30 40
(S p S S 2 psaslS p 5 Jot) pgaslS 25

‘ﬁ,w}:.\p

.
2 el

(fﬁ)ﬁ_ﬁ&.ﬁéb}j
=]
Lh

!W §§§m

\;-H_’.:»S et = UL-—-P _:_’a...J & s | ..)LT...._;...-I

£ g
g b ohi g

@I@mﬂl mm

,ﬁ).}hs

«_UJ;’-bd%ngLQWaLS):uy&agJJjM‘jJr_,m:lswas_alc’uc_,.}a.ajlu..&q.aj YOS

sl 05 LSD g,.a,'l bl do ;s 0 Jlas| ch.... 25 ol sme ST (6l 1 O g

s opsedlS oS Jee e st O ol (il ol lauslg
OLE 1y oy A0 5 OF (Y0 2als s S Sols
o9 ol Sl e 2 G gl s (Y JSE) Ll
4 S il (Ol 5 Jes 305 poe (e paS
3 S esbe W 5 Al gl L e il (A s el
52 Sl Sial §58 4 4 olS ol Ly, S oal 5 olS
(7 IS 5 o - K8 s 5 e il i Ll
Fao Bl s el fd Zel S ks iy

53 dali OLlS @ s LS s sl slaslla g S

W

Gl 380 5 Sy e A el e O35 b
slge 53 DI s cdld SO b SlS 5 cpl e
o g 5 ekt apalS e ) 5 od Sialer e

(6 5 )0) &S e SaS oS g
e300 0SS S ke 1
52 (5 pde s Shmly o) ald 4 Cod bajles oles

S e i lals s

Lsls Oli Jials Wy S S 035 5 8 sl ¢ S sl
o b 53 SRl o e (Y IS s o s ) S
A edalie Sualy pde 5 (p S5k 5 e S e 1) oS
A s Sles 5l Golas Olgea &) 5 SES 05 ¢l


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

el adeed s Sl g S e R — ole Al

LK 5 o5l Ol g,

Ol

0.4 4 .
Q 0.3 b
) 0.2 C
G, 0.1 d
0 e
3
8 0 30 40 60

(S8 AS g pamslS oS Joo) paeasls

S ke D b sl Kl Olgpadaen ol s 8 S 055 5 (9D ds e S g (D) pamasls i ilee o 1LY S

Ll gos LSD 0ga31 bl 2 A5 0 Szl pebans 53 (5505 e SN (l,ls O st g2 )3

Lok i A landlas 5o (M) 0L 5 Ol 5
S L2ty Oy A (S2 15 s 5555 e I o jlae
Lo (Jes 55 pye B ojlas 3 s SIS ols
o b dilg S sk B S e sl s (8 pem]
ol A2l SUls ST e 53 5 038 il | of g i
o ol gl iy SV e O iy Sl o8
o s s el VL coslie o 5 s Shee Sl
ot sbml (S5l Las 50 il axdlas 53 (YA) A2 sl
soadsl ads lld oSl gls oslae b ol dale
2 ges ool Sl dden GaalS 10 1 (s e i

—a psedl eSS e S ke T s b O I e
A T X Ol 8§ S 05y A oS
St alS ol (=Y J,Q.u) BWARVARIPURGIRIT-R WS
SLlS Sty 5 Rl Ol Jinll s i J6
S pon ol e DL 500l sl sl 4y il
Bl 0Ly e s BB Caslie Kos OlalS & a4

Slgss (Y) leﬁw;&lﬁ,ﬂlﬁ)x bug oS gladlas s
—ke V0l g el planil KIS IS Sy o seeslS
W5 5 a5, 53 a5 BB Al S eSS e seslS e S
eslitl Cpman 13 OLE olS ol Cilsien Glacisis 55 |y IS

G55 e 53 B8 18 51 s Sel iy ¢ danlsn L
Dl & 553 i b plerdise 5 S nnd B
L 3slse ol IS osbar ssd e sis oS 53 55 0T 51 ol
Jgams 5 4zl S 4ol ol (G5 alr (K5 02 015
S adlls L (V) 0L 5 s (F0) 55 edalis
A4S L ste ey oS CepeS ans b Sl
S s Do s CeseS s b Sy
S ol OlE 8 ol wallls il )l ol e 1) OLLS
Coaslin b S LSl adoan olS 4 Ll e Hd Simsl
sl (S sl a5l 5 b fﬁu\S e RN U PR
Sl (Y S s o s ) ) IS S 0 5 IS
s
o 3 eadllae cpl s eslial 3)5e glaelas & bl )
oS 55wl a3 5 bl i G s el s
YUY SN (LI I oA o351 slasl) L5 g ol Ol Gl Al
ol Gy 3 ol asdllae s 5 IS CiS Ll s s L
poo B 5 e ginS s o las dgl o 31 bl bl
D R I 1 e S T
S aalS 3 4l sl sl 3 ) o i roees

YY) wlasls

141


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

UK 5 o5l Olgs,

Veve /) aJLmi/\O b)))/fb}j‘))’ QYW LS)}I)éjv\-:!}; 4.3‘_),,..2.;

psedlS S5 Lo lpaties ol (plasd g Slio (Sl o :50ke) il sls 4525 Y g

Gdon sk a3 055 b sl CAT 3l GPX sl s )ls oll axss Sk mlie
AAVARSGREEYAA RGNS A A iR VAR AR VAL SO /4 TRGSNRYI-) S s p 338
VAYH VYRR R YER ey SIVEE ey A Snsl 2
VEATS w/ee\E L YY0F e\ EE JeOVE e ey EE q Sasl px o pee3lS i
A S TR A O R S VORES VIR R devo ejeea Y'Y et

Sl 5 680 Samln 2,008 paesls ¢ SAS e S Lo
2op Sk T e s (b JS8) s s s
P e Al S S s b Sl 2 S 5kS
S ke b (Sl o s L35 JS (glye 53 s WY
0555 psm B (eSSl GRIB Gl eSS
JSO) S IS e N8 5 Y Y 5 4 Ol 5 Jos
(8

ECA P GO T VP I N e WO -7
oS Aiy Al 5 sl 5 DN GlanS) lacu]
laaul ol 5l S p 2l 0 Ll5 s Siasl p ol 0
o S e 5eslS VLGBl s Jl eyl LS (SaS
OF 31 (36 Sl 1 el 5 Siasl 5 0 I p gp3lS
53 Sawln ol o Gobne Dsle 5 A4S (S
SalS sa Kl e alies (8 JS5) i sdalie dals
L Solgr &S AL pseels VL sl 5 S ey sl
(V) 55 e 5 Bl 23 55 s IS 2l 58

aSoosker 13 GPX 5T (gl smms ol o psslS 25
£33 3, pde 5 2 SShS e S ke N ppeslS Lo
Simslp pde 5 ppedlS 25 pde Slad 4 Sl (H/AY)

(=0 JSKa)sls glas Jaal8l ol 8/0 Olse 4 (4/V0)

1\

)\)A;MJ:‘..GI']S}JMJQO‘}\ du}\ch.wjéj\sw%jgﬁé

—a 3 fae 35 S 055 Sy Sl Olyea JI sl )
s b Sl S L EU it S ol 4 S,k
-y Ji;)aﬁjiw))gjwdw;wuw,wﬂs
CngnaS ons L Sanl 48 Wilesls 0lis Slallas (o
231y S sles 505,85 S |y OLILL 5 Cdled Ll 5 o
Slas S o a5 Olyea 15 o ST slge S A 5 S
L 0l iy 5 Al S e 5 S es 0laLS W,
sl o Rl 51 (b sl e IS S 055 G
OLalS ceslie (ol il 5 bazealS anv s 5 A 25 (glae

wlerd gm i
Sonsl g cpgeals 25 S a8 5l LS il e e
Vdleasl mhae s Sl 5 paeeslS 5 Ses s 5 ok
CAT GPX (slans 31 (slsme 3505 lyms 5 do)s
3 odsn Gy Jpllb (238 15 Johowe A3 5 55,
S s 5y5e Jelss osle Ol 3 06 Cos LS il s3]

(F Jpam) 2 5
3 A S 35S Gl Sl pgesls 5 NI
eSS 2 e S ke T30S mlaw s 3 IS el o i

e cla.w)bﬂ_}ﬂru\f— .1:.:‘)..3: B Al edalise C}:AJS


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

ol er 5 sl S Sl s it — ool Al O 5 5,5l Ulgd,

i . Bl T Y. B e s ase LN E
- 14 2

x‘f\ Y 081 NS “Q \

3 > 04 §HH-H

“, 0.2

% 0

P03 S fia D b leKile Gl adean oS 3 SIS (slgne Kl 5 pamesls i3 ilits ol JI iiSen SO

Sl o5 LSD g3l bl Ao y3 0 Jlazo a3 (551 an S (g1l & o

]
)

o i S N 33 ok 3
R , dals B S e s B e 5355 pa [ Ol o i 3" PPN || [OSIRCRP . [NEPRVETIPRE o FLT
3" ) 3 1.5
1.5 w o c
3 2 d
_i;z) 1 2 :}\ o e
K <
. L.
3% 05 9 ST
oy j 3
by 0 R N 0 =
;}’ Jall 30 40 60
(S p SAS 5 psslS 08 o) psls 25 (Jbr)f_,les;eexﬂspﬁgl.«-)fxﬂfuw

el.:f): (u) JY\S\S}(JD )"Jc:mS‘j J"SL_Q@ ('JJ.J 6|Wj&|jj€yblsyhﬂ&nc_’kw ;‘J&“j OJS..’&

v\mﬁb‘;«t LSD d}")‘ uﬂLﬂ‘ju\-@)éo dLQ."CkMJ.} 6)‘.3‘;400 U)\'—"" 6‘)‘.} drﬂ,&)bhs UJ?L&L@SALJ ,)L@W

oS ke B0 55 e 03 5 350 Jol | 6220 GPX o3l 08 (YY) OLISes 5 sl IS el
soos oolas L Ll bl Ol p5edlS pSLS O5Sl Jd glaw S oaiS s f_)j (GPXs) ajlist,
Ol ol & o Ol 5 sl oo wlewgpaS b A e IO | STy 055k 2al &S wea (ROS)
(-0 JS8) s el (golsbine ol e S (S sk Dok w0 1enS1 055508 ol
pled 0SS o p S e Ve 5 Er (o paslS (VL sk s o bdsle 53 0558 g bl el Ll e i
A3 GPX 5T ol (5l o allae 3550 Saimsl s GPX 5T cdli bl 4 e 053658 A il
) am een L 55 01 Gl 5 3 Shas oSl 4 a5 L Sy e
ol s S (Y IS s o el 2 ) sls 0L Sl he (sl 5 0p0) dals Llag mhw
e 0355 4510 ST 25 3 EalS S s (Sl (Al =0 JS5) cslhs GPX o 5T wled s 6,56 Sl
Tob 53 gl SR Syl Sl ealinal pe Lyl 5 s Sontl g p0038 055k 5 p S ke Ve 5T 25 e
p 5238 Slesliiul pie &y Cs p S e S e br 5T Slymee bjlad ple 5 ol 4 Cd CavgaS s b L

F¥


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

UK 5 o5l Olgs,

1
ta
’3_;05
7

. .
(S0 FHS 55 pseaslS £ 5 o) ppeslS 25

Veve /) aJLmir/\O D))A/Léb}jb)' QYW LS)}I)éjv\-:!}: A.;_),,;g

Boals Bepns oy O s s pdse e Dotz

P03 S e Oy b leKile Glgadaes ol 53 Jlows u5 gl goms p Sivaslp g pgoeslS 5 il - s 1 iSen 5 S

Bl o5 LSD g3l bl Ao ys 0 ezl gedaws 3 (6513 nn S (5115 O gonr

Slyze boled plo 5 dald 4 G (s 5505 pse B
(=0 JS8) 5 508 Joolo 1 (5 2 SV o 30

S, () 0L S by oS gladlas s
S LS SIS s plwil Sl W35 5 s Ld Sl
B S X €as Sy lies slasles @ Bl sty
53 SV Gl T 5 S3dler oS3l doyd
QLS 3 il sy Cte Soeen axaile 5 axaly,
ell sl Sl 3 pene iy S Olsea Lasdy Okl
L bacnSsn 5 S5 sladed Ol Hd Sawlp 355 00
Iy als )3 el 0 Bl S i lomen 5 Aad e Sl 5
23 aalS 5 W) e s FE O Al e e il
Lod Kl o ol andlas 5 5d 0 b Sl CEM
S35 2 s A i Jens 555 p3p B 5 oS
osbe 5 Bl o g S B ke 5 ls CAT (5l
YUK 5 Y JS)As aalllas 5y oS s S g 5 S
ST OlS 5 5 e slse dadpe)sm el ladud 555 (&
oS L3 i Coaslie sl o candllan 350 3150 3 55 Sos
CAT wile JlaeSI 5T slag 5T ol s Jalssl 3 b )
‘ol 0 s GPX

Sk Al Jde A3 gl pgeslS 5 1L
2 pseedS oS ke T 2553 1Al 0 2 (VIS

1o

S s Ssba (Al 5 Sl CAT sl lgme 5 (6,6
=0 JSE) AS g8 St e SSkS e seeslS £ S e T s
o3l 15 51wl mhaw S S das e 0L il ol (o
e Slge 5 SIS ol e Wl e &S 51 s
5y Sldlas pl (YY) 35 0bLS s Slst o ebs
p5e038 25 5L sl )l LS ol aallls sl
S eslizal pae Lyl o 5 VBK a0 bia S sba ol
sl 5 cpl JalS s g S bl b Ll Saasl
V) ol asdllas o Vb mhas 5o 50 rijj s Jlle SL
el syl (¢ S5hS 2 p S s

om QLS 53 VB 5T Gl pseesls 25
SoalS L tass 5l s sl Slean ccilite gl tags,
L3S S (08) w5 (V) eaS 55 1, CAT b
i B s 1 CAT wllls ol Koo 0 S 00
Sl -l (YY) Ws sed sdalis (Agaricus brasiliensis)
5 chle WS 48 s ol el Saas
Al (6 Sl Gla isy 5 aglse Olesde

o g0 oS o55) oslas Suelp mlaw 4w 8 38
D5 kel s el 4 Gl (Ol 5 Jee 55
Colam pled L3 5 A3 VB o 5T (lpme (5131 e ppeslS

P95 43 53 5 CewseS oo b o Szl pseedlS A


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

el adeed s Sl g S e R — ole Al

4 ~ a
o 3 4 b b b
)
o
L
IR
2
koo
Kol [ g Ol S 3nS 29
ks

LK 5 o5l Ol g,

<l
i 519 a
Y 4 1 b
5 3 ¢
E) 2 4
41
N
:1? 0 30 40 60

(SLp SaS 5 panslS p 8 ) punsls’ 25

P03 S fia D b sSile Olpaduen olS 55 oo lsmme 5 Gl 5 (D) pomeslS 25 il o 1Y S

il 0d LSD 0051 ulusl p daoys 0 Jlez gl 53 olssne SN gl ls & g

Sl s s el 5l S ol adlas s L(V0) das
S sl 5 sl aw a5 e A3 Gl
g G Smly w55 g adllas 5 slpe L Soal
oy s OF 5 day 5 osle (p e CowseS  sons conlizul
spe b Samlyy obea (0 JK2) w518 s 5
—olnS| ol SKaS L i o Sl malS 3 b sl S
oS w (0 5 il -0 K2) GPX 5 CAT sl a5l (sla
SRl 5 1y o Jsls el s S Ll B o5 Sas
e el 5 B LS B 1 olS sl A, 5 el
B e slge sl e S el s ) Laus
SMAS 5 Jslm O O3ls s 1 2alS 5 (g5anl SLES
Blg e adsl Cdple 53 mlBl ) 0) Wsd e el
s ks b 4l a5 ly Y Lyl
Sl b 1 byl 5

oS 3 I 5 ol s (lsmn cpgedlS G ae LIS L
—ao (- Sy A K)ol il e ddees
ald 4 Sl p5ealS 0SS e S e e 5 )8 68 55k
S R 8 Y s g b s el s5T (S s
g Slapin 3 (-4 S5 5 A IS5 sl
o 3 s GLacS 5 a5l b gla0lns| T

sAalie /Y0 Olpe 4 Sl 5,008 pis 5 Sl SLS
S5 pde 5 paedls A f”) dald 4 Gl &S W
Sladlas 5 ol OLis 1) ghoys 40 el S (Kasl
o e il oS g5y 2 OA) OLIKGs 5 LIS ban g
S o shes A5 (gl o s Ol A3 ol o paslS
S5l d s Il sLadd 2alS Sl S ppesls
O mbacdpbe s 53 Ladd O e sas Als
ol 55 el aalllae s () AL s pll s s
S Olsear Gdsn Ol paeedls (13 A1 L sls 25l 3
— sk bl 2l 5 s paal SLES e o Jshe 03l
s (Al 2V SE) das e SRl A s edd s
(o =V JS8) s s M5 Rl e «Soal 5008
J5Sse 8 0dniS NS Olpiean ) e M 4w sy
Ll s dpb s Ol ol 58050 5 bl T ol

(V0) &S e
Ll o oS 5l g5 5 Sl oS 5l Sl ke lalllas
3 st lahila s S Ol a8 b Gl o
S Dl 5 el d 53 LOT) 55 OLalS s sl
e Bl e Gyl (B G b Sl el S

ORI adsl Gl plie Dl 5 edd 4l s 55 35

24


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

UHKer 5 soslr Olga,

dals e ST

(5 Q03 0S5 2 srs5) (il sBl Gl yoa

bt o5 p e Sl

o Jles Sy

Veve /) a)l.a..i/\o AJJ}/&L{}L;O‘JJ QY}M LS)JIJéJJ'..JJ; QJJ;

0.16 - all
0.14 -
0.12 4
0.1 -
0.08 -
0.06 - "
0.04 -
0.02 -

<

(G033 5 2 Jas S odlonsil (81 soee

L 30 40 60

(S 0SSy paeasls 05 hon) poeaslS 25

S e Sy b sl pKibe lgadan ol 55 il ST gl g 2 () 0o Slad iy 5 (C) pamesls 25 ilieo o glaw 1A IS

sl o3 LSD 09051 ol 3 desys 0 Jlaz>| e 53 Sola e SN (1,13 Ot 2 5o

0 s H‘;-‘-‘};-‘S._fJJ J«..ﬁ;y; (2 mb\:....;.u

o
n

e
=

o
W

e

=]

0 30 10 60
(S oSS ol 5 ) poesls o

b GLoSibe Olgadeas olS 53(0) 5esp 5 (A J3 glsoms p Kiasl g pguoslS 25 s - sl 1 J2iSen 5.4 IS

Foser nerf o) isn sl
(=]
(]

. S IR [COR W § PN PRI CR LU W ey
Jos o555 pan A 5 e eS o5 0 slas S bl 5l (L
Ll g5 oo dited ey e DS 55 Sl Slse 5 LS
S S 0580 5 UL T VT b el sl

(0) Lt L Jib 5 Lol T A5 o 5 0 315

Q,;:Jjﬂ: &‘fm alises C).h.u 3 w:,a;ks U':”‘: u':"i‘fﬂ L.
el 5 WSgpsba (o A I8 Sol el
20 et s Sl 2,28 ps 5 0SS e S L
Li ol s A gl GRS (B pde s Siml
adllas 3550 o) Slae kiS5 Jnl b (o -4 S

av

i ot 1 50,5000 8 8o

Bl Beps oy Sleosmiee Do

et

o
)
®

0.18 1
0.16 4
0.14 4
0.12 4
0.1 4
0.08 4
0.06 4
0.04 4
0.02 4

0 30 40 60

(S p S ppsasls o 8 ) pguslS (25

Jlie 3 ol i ol 5 a3y Jlsd Sl ol 3
S s s ST IS0 ol 5 S Sl
(Y0) Wisld
P50 5 CeegeS  ens) e (LSiwl, 56
s Gl Wl 4 cad Cdly (s
adlas S promen (O A IS2) S Jol 1 b 3]
O Bl s (i geS ens 5 pse eslas &S 0l 0L S
—adpen oS 3 Olse 53 e S IB Gl o A e
23 SegnS g3 5 psn A ol sl Rl ) Ad le
Sl Osk oS p SAS p Sk b0 5 Y £k


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

el adeed s Sl g S e R — ole Al

LK 5 o5l Ol g,

slse b ol Kasl 5l eslizal b=l Lo oS 25 L
5 pr oS gy oba) addlas cpl s bl 5
Sl el sl ol Ol il (Ot
2258 s Rl Gk el (el i 5 a0l
L 300S o035 5 Jos 5505 p 30 G o)lias S Sl oy
Loablie 55 SOuSG b lsime Solis S 3550 Sk 2
s 555 pae B S @ a5 L s S SWS WlS @ A

u_“a\ J.J...\,.o\_jl CM»}:&S@)})JN&))A)¢)AUL@ b)wg;lx.“o
o 5 edls SRS e g B ke L S ol
S e Slse (O 2V UK Lsd bty Sl il
53 ol L8y s e ST ST Glagal S b

(YY) 39l o S byl

S S e

O Srae s i woml iz 0o s IS e g s i Rl L s Ol sl addlae gt

)L@{Wel.;)JGPX ﬁfig,éw}dzj}ﬁ ‘JJ.& 4&@_};‘4]

ablie 55 sl aduen oS cuus Sl il ol .l il

I P P LSRGV S S PRI

c\.‘w

1. Abbaszadeh, B., E. Sharifi ashourabadi, M. H. Lebaschi, M. Naderi hajibagher Kandy and F. Moghadami. 2008. The
effect of drought stress on proline contents, soluble sugars, chlorophyll and relative water contents of balm (Melissa
officinalis L.). Iranian Journal of Medicinal and Aromatic Plants 23: 504-513. (In Farsi).

2. Bates, L., R. P. Waldren and I. D. Teare. 1973. Rapid determination of free proline for water stress studies. Plant Soil 39:
205-207.

3. Bailly, C. 2004. Active oxygen species and antioxidants in seed biology. Seed Science Research 14: 93-107.

4. Bradford, M. M. 1976. A rapid and sensitive for the quantitation of microgram quan-tities of protein utilizing the
principle of protein dye binding. Analytical Biochemistry 72: 248-254.

5. Chakraborty, M., A. Karun and A. Mitra. 2009. Accumulation of phenylpropanoid derivatives in chitosan-induced cell
suspension culture of Cocos nucifera. Journal of Plant Physiology. 166: 63-71.

6. Chaturvedi, A. K., U. Surendran, G. Gopinath, K. M. Chandran, N. K. Anjali and M. Fasil. 2019. Elucidation of stage
specific physiological sensitivity of okra to drought stress through leaf gas exchange, spectral indices, growth and yield
parameters. Agriccultural of Water Managment 222: 92-104.

7. Chiu, K. Y., C. L. Chen and J. M. Sung. 2002. Effect of priming temperature on storability of primed sh2 sweet corn.
Crop Science 42: 1996-2003.

8. Faroog, M., S. M. A. Basra, R. Tabassum and N. Ahmad. 2006. Evaluation of seed vigour enhancement techniques on
physiological and biochemical techniques on physiological basis in coars rice (Oriza sativa L.). Seed Science and
Technology 34: 741-750.

9. Farooq, M., S. Ali, A. Hameed, S. A. Bharwana, M. Rizwan, W. Ishaque, M. Farid, K. Mahmood and Z. Igbal. 2016.
Cadmium stress in cotton seedlings: physiological, photosynthesis and oxidative damages alleviated by glycinebetaine.
South African Journal of Botany 104: 61-68.

10. Geremu, T., H. Hailu and A. Diriba. 2020. Evaluation of nutrient content of vermicompost made from different
substrates at mechara agricultural research center on station, west hararghe zone, Oromia, Ethiopia. Environment and
Ecology Research, 5: 125-130.

11. Golchin, A., L. Mosala and N. Khadem Moghadam Igdelo. . Investigation of cadmium uptake and transfer ability of
three ornamental plants for remediation of cadmium contaminated soils. Iranian Journal of Soil and Water Research 50:
2453-2464. (In Farsi).

12. Goussia, R., A. Manaab, W. Derbalia, T. Ghnaya, Ch. Abdelly and R. Barbato. 2018. Combined effects of NaCl and
Cd?* stress on the photosynthetic apparatus of Thellungiella salsuginea. BBA — Bioenergetics 1859: 1274-1287.

ZA


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

ab&m&jd)‘ﬂ? Q‘yﬂ) \EXF VA aJLmir/\O D))A/Lébjjb)' CJYW LS)}I)éjv\-:!}: A.;_),,;g
]

13. Gubrelay, U., R. K. Agnihotri, G. Singh, R. Kaur and R. Sharma. 2013. Effect of heavy metal Cd on some physiological
and biochemical parameters of barley (Hordeum vulgare L.). International Journal of Agriculture and Crop Sciences 5:
2743-2751.

14. Guo-sheng, S. H. A. O., M. J. Hassan, Z. H. A. N. G. Xiu-fu and Z. H. A. N. G. Guo-ping. 2004. Effects of cadmium
stress on plant growth and antioxidative enzyme system in different rice genotypes. Chinese Journal of Rice Science 18:
239.

15. Hayat, S. H., Q. Hayat, M. N. Alyemeni, A. Shafi Wani, J. Pichtel and A. Aqil Ahmad. 2012. Role of proline under
changing environments. Plant and Behavior 7: 1456-1466.

16. Heydarpoor, A., S. Esmaielpoor, A. Ashraf and S. khoramdel. 2020. Effect of vermicompost on morphophysiological,
biochemical and yield characteristics of summer savory (Satureja hortensis L.) under different irrigation regimes.
Journal of Agroecology 12: 507-522. (In Farsi).

17. Hosseini, S., N. Zare, P. Sheikhzadeh and S. Abootalebi. 2021. The effect of nano-silicone on biochemical
characteristics of Borago officinalis under the cadmium stress. Environmental Stresses in Crop Sciences. 15 (3): 817-
822. (In Farsi).

18. Kamalvan, A., S. Hosseini and R. karamian. 2021. Effects of cadmium stress on growth and physiological responses of
fenugreek plant (Trigonella foenum-graecum L). Journal of Plant Physiology and Breeding 12: 51-65. (In Farsi).

19. Karimi, N., M. Khanahmadi and B. Moradi. 2013. The effects of lead on some physiological parameters of Artichoke.
Journal of Plant Production 20: 49-62. (In Farsi).

20. Lichtenthaler, H. K. 1987. Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods in
Enzymology 148: 350-382.

21. Liu, L., H. Chen, J. Yuan, Y. Wang, B. Weng, P. Liu and G. Li. 2021. Effects of cadmium stress on physiological
indexes and fruiting body nutritions of Agaricus brasiliensis. Scientific Reports 11: 8653.

22. Madhu Sharma, A., A. Kaur, S. Tyagi and S. K. Upadhyay. 2023. Glutathione peroxidases in plants: innumerable role in
abiotic stress tolerance and plant development. Journal of Plant Growth Regulation 42: 598-613.

23. Magray, J. A., D. P. Sharma, M. A. Deva and S. A. Thoker. 2023. Phenolics: accumulation and role in plants grown
under heavy metal stress. Plant Phenolics in Abiotic Stress Management 8 (15): 321-351.

24. Marjani, V., A. Golchin and S. Abdollahi. 2020. Potential of marigold (Calendula officinalis), ornamental cabbage
(Brassica oleracea) and amaranthus (Amaranthus cockscomb) for phytoextraction of cadmium from the soil. Journal of
Soil Management and Sustainable Production 10: 95-113. (In Farsi).

25. Maszyneska, E., E. Fajerska-Hanus, M. Roézanska, E. M. Labudda and E. Znojek. 2018. Heavy metal tolerance in
contrasting ecotypes of Alyssum montanum. Ecotoxycology and Environmental safety 161: 305-317.

26. Mobeini, M., N. Alamzadeh Ansari, V. Abdossi and A. Naseri. 2022. Effects of chemical seed priming on germination
and antioxidant enzymes activity of two cucumber (Cucumis sativus L.) cultivars. International Journal of Horticultural
Science and Technology 9: 165-175.

27. Muhie, S. H., E. Yildirim, N. Memis and I. Demir. 2020. Vermicompost priming stimulated germination and seedling
emergence of onion seeds against abiotic stresses. Seed Science and Technology 48: 153-157.

28. Muscolo, A., M. Sidari, U. Anastasi, C. Santonoceto and A. Maggio. 2014. Effect of PEG-induced drought stress on
seed germination of four lentil genotypes. Journal of Plant Interactions 9: 354-363.

29. Pourghasemian, N., T. Landberg, P. Ehsanzadeh and M. Greger. 2019. Different responses to Cd stress in domesticated
and wild safflower (Carthamus spp.) .Ecotoxicology and Environmental Safety 171: 321-328.

30. Pourghasemian, N., R. Moradi, M. Naghizadeh and T. Landberg. 2020. Mitigating drought stress in sesame by foliar
application of salicylic acid beeswax waste and licorice extract .Agricultural Water Management 231: 105997.

31. Pourghasemian, N. and R. Moradi. 2021. Alleviating drought stress in sesame seedling by priming and irrigation of
beeswax waste and licorice extracts. Iranian Journal of Seed Science and Research 8: 45-62. (In Farsi).

32. Rehman, N. U., M. N. Ansari, M. A. Ganaie, H. A. Madkhali, A. S. Saeedan, F. Imam and A. M. Hamad. 2020.
Cadmium-induced hepatotoxicity and oxidative stress in rats: protection by roflumilast via NF-kappa B and HO-1
Pathway. International Journal of Pharmacology 16: 154-163.

33. Roe, J. H. 1955. The determination of sugar in blood and spinal fluid with anthrone reagent. The Journal of Biological
Chemistry 212: 335-343

34. Sarvari, S., A. Danai, Kh. Hemti and A. R. Alden Moghaddam. 2021. Metabolic and enzymatic responses of marigold
plant (Calendula officinalis L.) to spermidine, citric acid and proline foliar application under drought stress after harvest.
Agricultural Science and Technology 23: 1339-1353. (In Farsi).

0


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html

[ Downloaded from jcpp.iut.ac.ir on 2025-12-07 ]

[ DOI: 10.47176/jcpp.15.1.30861 ]

el aee s sled S Sl s s = oede Al L 5 55l U152,

35. Soltani, A., A. Aliade, H. Mahfuzi and F. Khialparast. 2011. Effect of short and long terms cold acclimation on
biochemical characteristics of spring and winter wheat (Triricum aestivum L.) cultivars. Iranian Journal of Crop
Science 4: 108-120. (In Farsi).

36. Velikova, V., I. Yordanov and A. Edreva. 2000. Oxidative stress and some antioxidant systems in acid rain-treated bean
plants: Protective role of exogenous polyamines. Plant Science 151: 59-66.

37-Wagner, G.J., 1979. Content and vacuole/extravacuole distribution of neutral sugars, free amino acids, and anthocyanin
in protoplasts. Plant physiology, 64(1), pp.88-93.

38. Yuan, C. Z. and X. R. Wang. 2023. Source apportionment and health risk assessment of heavy metals in soils of old
industrial areas—A case study of Shanghai, China. International Journal of Environmental Research and Public
Health 20: 2395.

39. Zulfigar, U., A. Ayub, S. Hussain, E. A. Waraich, M. A. El- Esawi, M. Ishfag and M. F. Magsood. 2022. Cadmium
toxicity in plants: Recent progress on morpho-physiological effects and remediation strategies. Journal of Soil Science
and Plant Nutrition 1 (10): 48-58.


http://dx.doi.org/10.47176/jcpp.15.1.30861
https://jcpp.iut.ac.ir/article-1-3328-en.html
http://www.tcpdf.org

