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In order to investigate the effect of cadmium and salicylic acid on the physiological and
biochemical traits of red bean seeds a factorial experiment was conducted in the form of a
completely randomized design with three replications at the Seed Science and Technology
Laboratory of University of Mohaghegh Ardabili in 2023. Experimental treatments
included three levels of salicylic acid (0, 50 and 100 mM) and four levels of cadmium (O,
25, 50 and 75 ppm). The results showed that the effect of cadmium and salicylic acid
treatments and the effect of the interaction of these two factors on the characteristics of
Final Germination Percentage (FGP), Germination Rate (gr), Germination Uniformity
(GU), Radicle Length (RL), Radicle fresh and dry weight (RFW and RDW), Radicle
cadmium were significant. The highest FGP (99.66%), GR (0.81 seeds per day), RL (14.5
mm), RFW (0.46 gr) and RDW (0.2 gr) observed in the treatment with 100 mM salicylic
acid and no application of cadmium. The activity of catalase, peroxidase and superoxide
dismutase enzymes increased by 73, 81 and 75%, respectively in the treatment with salicylic
acid and without cadmium compared to the control. In general, the use of salicylic acid, by
reducing the negative effects of cadmium, improves the physiological traits and the activity
of antioxidant enzymes of red bean seeds.
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EXTENDED ABSTRACT

Introduction

Red bean is one of the most important crops around the
world because of its role in human nutrition and global
agriculture. It is the main source of protein (5-25%).
Bean cultivated area reach to 100 thousand ha in Iran and
its production is around 200 thousand tones with mean of
2.58-ton ha*. Regarding daily increase in contamination
of country lands to heavy metals especially cadmium
(Cd) and the role of salicylic acid (SA) in mitigating the
effects of heavy metals on the other hand, this study
conducted to evaluate the effects of these factors on bean
seed physiological and biochemical attributes.

Methods

A factorial experiment based on completely randomized
design with three replicates was conducted to assess the
cadmium and salicylic acid effects on germination and
some traits of red bean at the University Of Mohaghegh
Ardabili Iran, in 2024. Treatments consisted of cadmium
concentrations (0, 25, 50 and 75 ppm) and salicylic acid
concentrations (0, 50 and 100 mM). After standard
germination test, germination rate (GR) and percent (GP)
were calculated using Germin program. Also, seedling
weight and length (radicle + plumule) was measured. The
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activity of antioxidant enzymes including superoxide
dismutase (SOD), catalase (CAT) and peroxidase (POX),
also measured with a spectrophotometer from seedlings
were taken at the 6™ day of experiment.

Results

The highest GP (99.66%) and GR (0.81 seed d%)
observed in 100 mM SA without Cd contamination.
Although Cd contamination decreased final GP and GR,
SA application rebalanced the total GP and GR. The
highest values for radicle length, and dry and fresh
weights also belonged to 100 mM SA without Cd. With
increasing Cd levels, the activity of antioxidant enzymes
increased. The highest activity of enzymes observed in
100 mM SA and 75 ppm Cd.

Conclusion

Results showed that common bean seeds can germinate
under Cd presence but the rising concentration is the
main reason for growth disorders. Cd concentration from
0 to 75 ppm decreased germination traits which mitigated
by using SA. This observation revealed that SA
application can be an alternative method for improving
red bean growth under Cd contaminated soils.

Ol oy 58 5 psle 4 00

Vol.: 15, No.: 1, Spring 2026

\?'AJL@. Al c)l».«:' Al u\l’



https://doi.org/10.22092/1JSST.2024.365581.1524 FV_FA Slowis o) ol 10 09

\\;}7 Rees)
ol SPCRM
BT

\

) \

( N S oy g dmignT ol el
o 09 5 Y g bk g

Ol 513U g poke 4 yui

ISSN: 2588-4638

a9 Ul

I (oo 9 (N 3999 38 Olao (69 kb Ml 9 P grodls” y36
(Phaseolus vulgaris L. cv. Sadri) s e pds 30,8 bag

TSy Bl y T Buo oo [ gy 9 50

Ol e ol o Jus sl Gams oty ol)5 OLLE (55505 58 (575 (g miils )
Ol e ol o syl Gimes o8ty (6555l 0aSltils ALE S5 5 A g5 05 S slaul Y

dho Ol

ol

VEX/0Y/00 1Bl 5o Fe b
VEOY/ /0 F 18 550 b
VEY/ /Y i g b

WGl slaely
;qu,Sl@Téuﬁ};T
(S0l T

K CCHH

Ay eiS ol

J’M bM’J
m_sedghi@uma.ac.ir

AL o glebsn 5 (S5 s Slie sy Shdlo dal 5 p5nslS 36 oy 5 latens
oo oBale3T 53 V¥ Jle s 1SS a5 ol Sl 2 b B 3 s sST6 Sy 4y (uleT
Sl sl o e ol 23T (slaslas ks |l s ) Gima o830 i oo (595555 5
S 513 DL gl 5 (pl gy VO 500 (YO (i) ppuaslS b Sl 5 (Y pan Vor 500 i)
S o> Do 535 ol 93 ol plg ST SU 5 Sl dsl 5 0500l Gl slas 56
gl e vy S 5 5 0js cerady )y Jib (Gl SIS (Gl S e (30l
araiyy Jsb Gy po 5dh /AY) Ghalem Lo (D53 89/5F) J3dilsr ol Do )s op 5 e
Ll bl 53 (p 5+ /¥0) agaty ) &St 055 5 (0,5 /F9) agraiu;y 5 0 o a ke VF/0)
5 STy VB sl 5T Clab Ol 5e 35 p 50l 58 ot 5 5V gm Jun Vo e Sl
WIS 5o 3 5 4 el 4 S 50038 09ty 5 Sl il b e 53 56 e s ATl 5
o e 03003l it D31 IS L Sl ol S oslizal ¢ JS7 3 313 0L 231 A3 VO 5 AY

abie 3o ) Sk 08T ST o 5T Sl 5 (S35 Sk s

t4llo ol 4 Skl 0920

Hashemvand, M., Sedghi, M., & Seyed Sharifi, R. (2026). Effect of cadmium and salicylic acid on physiological and
biochemical traits of Red bean seed Cultivare Sadri (Phaseolus vulgaris L. cv. Sadri). Iranian Journal of Seed Science and
Technology, 15(1), 37-49. https://doi.org/10.22092/1JSST.2024.365581.1524

Iranian Journal of Seed Science and Technology Ol oy 58 5 psle 4 00

Vol.: 15, No.: 1, Spring 2026

\?'OJL@. Al e)l».«i' Al -u>


https://doi.org/10.22092/IJSST.2024.365581.1524
https://portal.issn.org/resource/ISSN/2588-4638
mailto:m_sedghi@uma.ac.ir
https://doi.org/10.22092/IJSST.2024.365581.1524
https://orcid.org/0009-0007-0063-335X
https://orcid.org/0000-0001-5969-1860
https://orcid.org/0000-0003-2567-7029

o @35 a3 Lo o plasdisn 5 (K5 58 Slio (555 Sl dwl 5 poaslS S0 ¥

5 2l LA S 5 L 55 sagr B 5 Aas e
Al (Hayat et al., 2010) 5,5 OLalS 3 54 s 5
a5 Sl ol a0, oS o ka5 &S Shd b
a3 S AT 4 olS 03 5 ely S s UK 6 0l 5o
Urmietal. 2023) LS o Joos w8 3
4,58 eSS JT 05580555 iS4 4 gl
el o (8 sty (b5l 5 05l 035 4 8o 58
i D3 51 (5 S ST o 53 Sl
Sl Jalse oal 56 byl e b Sl anlllas sl

o bl o3 Lo 5y glardgn 5 (S5 58

by w9y 93Mg0
Sl 65, Shdlas sl 5 p 503" 56 )2 ) shiteny
5 o (1) s o ol gl dism 5 (S5 5
o Qb 5 53 b ) Dliiond 57 50 Sllodd gy 5 V¥
Mels” b LB s o) 556 e 4 i leST (55 e Ol
3 pote o8y lasT 53 VFoY Jl s ST a3 balwas
Sl i3 81t syl Gl oSl sy (535555
VO 50 (YO (jis ) paasls Cakiies sl il foli 2besT
Voo 30 ho) el a5 Sl el Jslons 5 (pl o o
4k 4 s g pn I ys Hdu e YO Tl s (GY 5 e
(Amini et al., 2016) 4 o3> 5| 3 Lo Lo o 2o Sl
p 503l A8 p5enslS” J gome 5 Sl Al ¢ s
4 Ol poiin jsbay ol s S5 el ble L (OLT &S
5 S Al o Sl 5 1) S 040 1
)',)Q.um.@:fabbjuéu\cﬁfhﬂmy(rﬁ:lf
3 85 sl Jils 535l T mle a3 YO (glos 554
Sy oot bayds Sole (ST A 3, ¢SS LISTA, 2017)
S Iy aalsl Sl O b Cali b5 dus S 5T il
rusﬁuu_uﬂougbg;_;{.b?ma.x_iﬁs;ge}b)
S i Rl DL o b s e T L sis
Seslial b 38l Coe 5 5 (34 (5SS
awl>as gl 5 (Soltani etal., 2001) Li acul>e Germin asl ,

o Il sl ol Sl eslinal b el o555 5 s

Iranian Journal of Seed Science and Technology

doddo
$o3liS 5 bl 4 di 5o a8 GVL Connl o 4 e 3L
390 sl—bas Oler 53 o Db DL 5l a5 (55,4
e ol S 55 sl J 4ls .(Majnoun Hosseini, 2015)
o .(Hungria et al., 2000) Cwl (o )5 YO L O) 259
D OT 5 5 S e Ver  WlLolpl ol o i85
O e el 03 32 )BS85 55 YIOA > Shes b 5 5158 Yo |
(555 Ol J el Ol 3 L oS A 5 slaol
Sl (B Olam )3T 5 Ol colbm 5 Jloma, g
Sals” el K o5l (Hedayatipour et al., 2017)
Gl 5 Ly o (65,58 OV pamen 3 Shas 5 kS
a1y Oluilos gy o) Db o g0 oDl 5 (65,58 Dl 5
Ly & o5l (Daneshfar et al., 2018) W1l o s
e b 5 Jld o &5 5 Jo o T 5 4 0t
@l el S 4 o LT b S s Ay S s OlalS
Ay g Sl s S e g3 as a pl ) & Al e S
3l pseeslS” (Kushwaha et al., 2015) »,1i8" o b OlalS
Shestinal Jto dkies glaoly 3 48 ol & 5l alex
S plagd e S5 Gt 5 ST 5,15 b 2872 3T
S8 gn 5 35 o pmn QWS (Gl (559 5 b ate
30 o LaSTT el s o (glods aslis | S5 sm 3 Shas
S OWLS L g o geslS 5L oo (Shaard et al., 2024)
@M s pand 5 s e (K555 5 slaan T 3
oz n ol 3 Al 5 0 ol &S AS 0 (S Sl
e Dl 31 e 815 55 (Hossain et al., 2010) 555 kg
oz 51 (S50 5 alien (slaan T3 s Il o pueslS
S g basdie o) ool Jasl g oo o Jsb oo
Chen et al., 2011) c—ul 055 25 s 5 58 Usls clagdne
S 11> 0LalS Wl ol L .(Barbosa et al., 2010;
AL 3 gdome g gnlST Sl adax Sl seealST 4y Jrae
ol Sy 55 Sl T il Bl iy ol
Shiyu et ) wz s La 558 52 A 5 il 31 5 0S| T
aslis Jo oS 5 e 0l e oSl dul (al, 2020

Sy dases gl 25 51 AU O pee Ol S AT a0l

Ol oy 58 5 psle 4 00

Vol.: 15, No.: 1, Spring 2026

\?'AJL@. Al c)l».«:' Al u\l’



f

Qb&aﬁ 3 JJ}V..'ZLA

ey Dlied 3L 2 e V0 Y sn Jn VIO 055 ,50m AST
45:‘}3 &jTo)\_&j:J)Jg:Aa' 5(pH:V))y}A&:A\"
03531 b o oy d oo ¥y ot T 03551 L o g o2
Jsb 53 Ol it 5 013 8 g5 ,05 2S5 055k AuST
dony o Jglowe A 5 485 G Do s gl YFY e
o5 oslas 4t oslinal 50 ge plos Jols o&us 1
)‘5:@‘L5M4{ﬂd}j)u\:ﬁw\:—‘5‘ﬁo‘ﬁJ‘}ch\-‘;c‘ﬂ-ﬂ‘
ﬁjT g;:“:ﬁ_g 4_._‘.«'\>=A (g: 39/4 HM_lc_lm) Lf';'}“’- g_ag_j_..p

() el 035 Ol 55 1 p 8 ke Aoty by SV

1) _ CAT/min
39.4

(Unit.mg Y abal

Ml 3 o T b i

oS s lar ia) b SIS 0 5T C b ot O e
YOr Jols [2STTg b gliea s (lqél (Hemeda & Klein, 1990)
A5 S YO LPHTV) [V ga e Ve v Dl 3l 2y S
YF ol b bl 5Lss ST 53 Jglous ;¥sn e V0 JSLE
Slid 53 glome 5V g dha Vi 053508 ST 25 S
5 b 55 ST 5 S ¥V (PHZY) Yo o V0 ol
ol Dk g e T eslas 2l Sa Y sods b
oo 55h 3 7Sl o8yl eslizal L e gB ¥V 2 a5 5
oty SIS 0 5T I s (S o1
(Y ) s 318 4883 55 (155 ('Jf

POD/min
13.3

(Unit.mg™?) = Y bl

Hgronsd sl g w2 5T bbb lomins
ils 5 el gl Gy o el i ST T e
i bl s 5 el (Giannopolitis & Ries, 1977)
JG sty 285 lgn S smar s deaST 5 0 5T b
eS|y g JSC5 51 milan 5 s 5315 5his 5 b AnST g
40 SN gl el 5 S o 5T L 5 o5 sk s
o)lae 5 aals gk gai 5 55 15 LU 5 4iss 10 Sike
V0 e s W20 iy o o 53 L (6 55 abaies 53 oo 5T
(ot At 4 510 S8 (g p 405> 43 3 Ve g 4ids
Aode Ol S EF e gl0f e d b s ol

T oolas Ol 5aids V0 lidy, Ol ey 0ylas

Iranian Journal of Seed Science and Technology

(Coln ) 0L ilie 3,185 jp (mens 54 g
S0k S (ot 5b 0553 ) Sl esliwl b e 5 o
iy BT 34l e y3 s o3V &S Sl
OLa D90 b D10 &y gpts o 5 O ol s awloes
Ok ) Oloj Se Uslaa D50 5400 g o s .5 55 g 031
J g 38 5SS 5 el G5 Ao y3 00 4
S Ao 380 4 ghal e ST oy Y 1 Oy Ol
S sl eSS s axpa (D90-D10) il s
5 5 0js-(Soltani et al., 2001) coul 2 i 251 55 il
s b (Jlows 55315 5 eslinal b araila 5 araty, Sis
G fn ks ke 2S5l L ar Bl y arats ;s dob s el e o5
a5V 0T Sl basealS 05 8 et (gl s (6,5 03100
03,337 O o 3 s 5 s oslial Sl YF Sawy 31 & il
s (6 S 051l el g aaty  $STas 05 Aol clad g
ol 5o OIS ST Lo 5T Cdled on ) shte
533,85 Sl a5 YO slos 53 5 liayS Jls 53 aammalS
o Hled A Sl et B Ga) o3 g b esls A (s 6
Jrss 03 0315 L3 1 e s Sl Gslai 4 4l S
Lol sp 4 e 5T oslas gl Al O e ga sitne T
o slas gl gl g s S Jame o) 8 Sle a5 YRV
Ol 15 55 5 g Jless a5l aSsal 08 /0 (omr 5T
Sesliwl b (s ol d (5,10gSS Jlandu 45 J8 51 8) o
Slied B 51l Jen 0 0T 51 g 5 03 8 05508 wle 035 5%
Sl 15 T (63 ol ¥ g0 oo /0 (g5l (PHZY) 5,0
s a0 3o ¢ oAb 351 05l 4 (EDTA) uul
L0 e 1pM s 5 i b e 6 e e ¥ slacs g
L g 5l 485 10 e 4 31 8 Sl am 5 F gles
Slazil jde S15IE A ol Cood a4y ool (095 55l
O3 B e 5 35 (5 Sty LadSisad Jste 55 5
s Y gl s il ST 5T Lo 5T &S o5l
(Sairam et al., 2002) & 5,14 51 5 sl

V6L a9 3T Cdlad  fiominw

A ke /0 Jols 5L 3yse glaw s slge us § (o, So il

Ol oy 58 5 psle 4 00

Vol.: 15, No.: 1, Spring 2026

\?'AJL@. Al c)l».«:' Al u\l’



oo (035 50 P o ol g 5 (S35 5 Dlio (655 Skl el 5 p 500850

fY

b ¢ 350 (g o> (65,5 LT (S 0 5 o seslS
uﬁaiidu;,\ch_wﬁ@wﬁ&b&j@uﬁ
5 Sl aal iz 1l () adar) 3 ol e
44/99) S5l ol Aoy op 5 i &S sls 0L (a}.:n:lf
Aol las 53 Gy 3 5 ) Shalm S 5 (s s
2705 505038 308 pde 5 N aa Joa Ve SU I
ol s e w5 (Ao )3 PY/PV) Sl e olg s s
305 pde s el VO paealS Ll 53 (Gay 5o 5ds oY)
@l o3 ppadlS B AN JS8) 5y bl A
L als plaS sl talS ) Shailer Co 5 g3l s>
P S Or e At SR paeealST SBIE Ol 1
Ve o Voo Hled 4 Log e (O/FF) Gl o5l 55 It
S S Jo 3 g pl g g VO psedlS 5 Sl !
5 p5edlS 58 pde 53 (/AY) G5al EEA P N

(O C USK8) s sdalins ¢Sl b !

G513 Sl edias Ol wdly 5o glds) Ol s Oles o
LSy g o 5 Oljlay b JS 5 5 (6355 w35 1S
() Sl 50 goan s

¥k,
100-[OD control- OD] / OD control x100/50 = (Unit. mg?)

JLAJ: J}m )\ SPSS J‘JB‘(‘JJ ‘LM"}; LngTc«:- J‘ o aosls
Sl b 5 e A3 8 NS s 2550 55 D3
LSD 05a5T L b 5 Kke dunglin . il iyl 4 52 SASO.1

o g

190 9 Gl sy ( Jidlgr 2lE Dmoyd
Sidlex

5 Sl sl o3l D51 il ol 4 25 o b s

A ) 03 allan 5550 Slis (55 panslS 5 Sl dnd 1 b 515 42 - Jsi
Tabel 1- Analysis of variance for the effect of Salicylic acid and Cadmium on studied traits in Red Bean

(5]
(o))
s >
c = —
. 8 @ € S - 5
T @ < ) S = - ) o 2
e 1€ € M2 4B 35 T
¥ e > 5 SIS 45 0 o S \“22‘
T~ 3T Y B & & § s g’ L 2 2 ]
SOV k5 £ 3 = > 2 b2 4 2@
D-F. 3 E W E 3 2 E g 12
9 © 5 & o
© O
E
&L-MJLN v\“‘ Aok ek ek Aok ok
T 2 126.7 0.09 2.7 174 0.02** 0.01
Salicylic acid (SA)
f}:‘”ls ok ok *k *k
; 3 1240.02 0.44 16.7 196.3 0.14** 0.12**
Cadmium (C)
SAxC 6 60.8™ 0.002** 0.5 2.2* 0.007** 0.001**
o
24 1.05 0.0002 0.01 0.03 0.0003 0.00005
Error (E)
(Aeoy3) Ol s o b
T e 1.16 3.9 497 3.05 6.4 7.3

CV (%)

** the significant differences 1 percent probability levels.

Iranian Journal of Seed Science and Technology

/0N Jleasl da,.ujg Dls gma s

Ol oy 58 5 psle 4 00

Vol.: 15, No.: 1, Spring 2026

\?'AJL@. Al e)l».«:' Al u\l’



Al OLSes 5 Lsils

A
s 120 ~ a a
Y a b bc
c
% 100 - . . f __ - € ¥ = f
A8 80 1 K - K N - N g ¥ ¥ N
32 S H B " B B B &
3 & 80
Y s 40
X g
2R S 20 A t¢
I.‘; IS (Sl
8 Cadmium
E
iT ppm [ppm|ppm |ppm | ppm|ppm | ppm|ppm  ppm|ppm|ppm|ppm
Aol 5,28 pde) dals | SV se e 00 Sl sl | ¥ 5n e Ve e Sl
control (¢Shedls salicylic asid 50 mM | salicylic asid 100 mM
B -
> 0.9 - a
2 0.8 - :
o
Lg o 077
3 g 06
& 05+
28 04
Y g 0.3 1
g 0.2
& 0.1 - p3e0S
01 Cadmium
ppm | ppm | ppm | ppm | ppm [ ppm | ppm | ppm | ppm | ppm | ppm | ppm
el 2 )5 k) dals e den 00 STl sl | Yo n Ve e STl
control (¢Sl salicylic asid 50 mM | salicylic asid 100 mM
6 1 a
C
5 .
2
v
5L
. ‘c 3 -
W DO
-
3 19
Yy E
& 0
r}:ﬂbl{
ppm [ ppm [ppm | ppm | ppm [ ppm [ ppm | ppm | ppm [ ppm | ppm | ppm .
Cadmium
Ll 3508 pe) dals | ¥ e e O Sl el | Y g s Ve Sl
control (¢SileJle salicylic asid 50 mM salicylic asid 100mM

.}A,;LwJ)mC)@;uﬁ&;tjii,(B)_;;4;1,?u,MA)_;,'uﬁ&u;M);w5,,(,¢3K,Wuwl¢m;w§;pwuﬁ—\p
.@\MJ)SA_JW‘&MJ)J\)@MQ}W@M}QL’QQ)&}A)Jqu;.n;.}jf

Figure 1- Mean Comparison for the interaction effect of Salicylic acid and Cadmium on Final germination percentage
(A), Germination rate (B) and germination uniformity (C) in Red Bean. The different letters in each column indicate
significant differences at 1% probability level.
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Tabel 2- Analysis of variance for the effect of Salicylic acid and Cadmium on antioxidant enzymes in Red Bean

R el 33T a5 SV ST 3 s AeeST s
S.0.V D.F. Catalase Peroxidase Superoxide dismutase
Sl d! " "
T 2 19063.3 1335.08 8921.7**
Salicylic acid (SA)
f}:"’“"l{ #x s ok
; 3 15376.3 3431 4090.7
Cadmium (C)
SAxC 6 53.4™ 26.4™ 50.37**
(IS
24 9.19 5.72 9.8
Error (E)
( 3) Ol i o b
RN 33 5.6 55
CV (%)

** the significant differences at 1 percent probability levels.
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Tabel 3- Mean Comparison on interaction effect of Salicylic acid and Cadmium for studied traits in Red Bean
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Lo . adicle el - atalase eroxidase uperoxide
Sa“((:%l"\z)ac'd C?gg::]l;m fresh Weight Radicle dry IenF;?ﬁ '&Iﬁm) (unitmg™  (unitmg* dismEtase (unit
(9) weight (g) protein protein) mg protein
0 22¢ 0.12¢ 9.78¢ 42.661 15.669 25h
0 25 0.15¢ 0.08¢ 5.1f 52.331 23.66f 32.669
50 0.09¢ 0.05f 2.20 96.33f 33¢ 52¢
75 0.03! 0.02¢9 1.131 127°¢ 54.66°¢ 64.33¢
0 0.36"° 0.18" 12.46° 54.66' 23f 37.33f0
50 25 0.19¢ 0.11¢ 6.16¢ 64.66" 35¢ 41¢f
50 0.12f 0.07¢ 3.689 102¢ 45334 65°¢
75 0.041 0.029 1.861 142.33° 68.33° 81.33°
0 0.46° 0.252 1452 61.33" 31.33¢ 45.66°
100 25 0.203¢ 0.13¢ 7.54 78.339 41.661 52.66¢
50 0.15¢ 0.08¢ 3.669 116.66 ¢ 55¢ 85.33°
75 0.06" 0.04f 2.1 162.662 83.332 98.332

.gwl.uﬁ@JL..::-\cla.ﬂ);)bg.uQ}Lsau.\su;o};w,a).s@}u;ﬁ_},),

The different letters in each column indicate significant difference at 5% probability level.
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