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Extended abstract

Introduction

Considering that heavy metals are one of the most important environmental stresses in today's
agricultural ecosystems, which lead toa decrease in germination, seedling growth, and ultimately plant
production. Therefore, it is recommended to use several compounds such as an addition to the culture
medium or seed priming; to increase the tolerance of plants to environmental stresses. Considering the
role of salicylic acid in, reducing the effects of heavy metal stress, including cadmium, on germination
and seedling growth, this'research was conducted to investigate the effect of salicylic acid application
methods on seed germination and biochemical characteristics of quinoa seedlings under cadmium
stress.

Materials and methods

To investigate the effect of salicylic acid application methods on seed germination and biochemical
characteristics of quinoa seedlings under cadmium stress, a factorial experiment based on completely
randomized design (CRD) was conducted with four replications at University of Mohaghegh Ardabili.
The treatments included the application methods of salicylic acid (seed priming and adding to the
culture medium) and cadmium stress at five levels (0, 50, 100, 150, and 200 mg I-1). In this study, the
measured traits include the germination percentage, germination rate, germination synchronicity index,
mean daily germination (MDG), seedling length, and seedling dry weight, vigor index (VI), mean
germination time (MGT), D50, the activity of catalase, peroxidase and polyphenol oxidase enzymes of
quinoa seedlings were investigated. All tests were performed in 3 replications and the mean comparison
was based Duncan's Multiple Range test at a 5% probability level. The statistical analysis was carried out
using SAS 9.4 and Excel software.
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Results and discussion

The results of this research showed that the germination percentage, germination rate, germination
synchronicity index, mean daily germination, seedling length, seedling dry weight and, vigor index
decreased, and the mean germination time, D50, the activity of catalase, peroxidase and, polyphenol
oxidase enzymes increased with the increasing cadmium concentration. Among the salicylic acid
application methods (priming and adding to the culture medium), seed priming method had a greater
effect on improving the germination percentage, germination rate, germination simultaneity index,
mean daily germination, seedling length, seedling dry weight, and increasing vigor index, activity of
catalase, peroxidase and polyphenol oxidase enzymes. Also, the mean germination time and D50 were
reduced by seed priming methoed. Under cadmium stress, Both methods salicylic acid application, there
was a significant increase in the activity of antioxidant enzymes in seedlings. Under 200 mg 1 of
cadmium concentration, seed priming with salicylic acid caused an increase in the catalase activity
(11.27%), peroxidase activity by 6.51 to 9.69%, and polyphenol oxidase activity by.68.39%.

Conclusion

Overall, the results of this study showed that with increasing cadmium stress‘concentrations, the traits
of germination percentage, germination rate, seedling length, seedling dry weight, germination
synchrony index, mean daily germination, and vigor index decreased, while the traits of mean
germination time, time to 50% germination, and the activities of ‘catalase, peroxidase, and polyphenol
oxidase enzymes increased. Cadmium stress causes ionic imbalance that stimulates the production of
reactive oxygen species (ROS), which leads to disruption of eell membranes, osmotic regulation, and the
production of secondary metabolites. Considering. the negative effect of this stress on germination and
growth of the obtained seedlings, among the application metheds (priming and adding to the culture
medium), seed priming had a greater effect on impreving germination, seedling growth and increasing
the quinoa seed vigor index,«as well as increasing the activity of antioxidant enzymes compared to the
method of adding salicylic acid to the planting medium. Priming of quinoa seeds with salicylic acid by
shortening the necessary germination time'causes primed seeds to germinate faster than control seeds
under normal and cadmium-stressed conditions, and by reducing the mean germination time and D50,
it reduces cadmium damage and protects the germination process against the toxicity of this heavy
metal.
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Table 2. Variance analysis of germination and growth characteristics of quinoa seedlings under the influence of
cadmium treatments and salicylic acid application methods
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Fig. 1. Germination percentage (a) and mean germination time (b) of quinga seeds.under the influence of cadmium
stress and salicylic acid application methods. The presence of at)least one common statistical letter indicates no
significant difference based on Duncan's test at the 5% probability level
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Fig. 2. Germination rate (a) and germination synchronicity index (b) of quinoa seeds under cadmium stress and salicylic
acid application methods. The presence of at least one common statistical letter indicates no significant difference based

on Duncan's test at the 5% probability level
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Fig. 5. Average seedling length (a) and seedling dry weight (b) of quinoa seeds under cadmium stress and salicylic acid
application methods. The presence of at least one common statistical letter indicates no significant difference based on

Duncan's test at the 5% probability level
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Table 3. Variance analysis of antioxidant.enzyme activity of quinoa seedlings under the influence of
cadmium and salicylic acid application method

il Sl G T called T Cudlad
ot glagolil a2 ity ST o198 b
S.OV df Catalase Peroxidase Polyphenoloxidase
enzyme activity enzyme activity  enzyme activity
Pl iy 95,87 ** 36.17 0.24 *
Cadmium stress (CS)
Sl bl 8 3,5 sla s 1 208.33 ** 0.11 ™ 50.14 #*
Salicylic acid Application methods(SA)
o ls Lb - ols e
PTE RS 2.21™ 16.56 * 0.01 "
CS x.SA
oaleil sles 5 3.90 4.47 0.06
Error
CV(%) Ol g g i 4.10 4.96 7.33

Al oo oy S gty i Jleiol a0 o pre gl pxe f oS 5 4wk g % NS
ns, *iand ** are non-significant and significant probability level of 5% and 1%, respectively

oyl Eely paesls jiid a5 Wloo S cvmlive jlaione
Shahid et ) sgis co 3 15 51 e SLS o sulans]
slees 31 os Js @l., 2019 Rehman et al., 2019;
o 5o ol Sy Jds 4 cal See cilagnST
Rehman et al, ) ol H202 a5 oS g sla IS,
VB o551 90 0 a8 0,5 blawl ylg5 oo ool plo 2019
ok ol 5 H202 (om0 (coto (255 3oy 5
Abdal etal.,) s ls sgsls 25 cov LS o Jol>

OhSer 5 domel Lcblas (paredls ) o 65 Lo O°)
S pgrasls zolaw a5 auzil o (Amjad et al., 2022)
Syt 3T 25 el pS5LS 0 0,5 o e 51 5L
Voo a0 51 Cd zokaw aol38l cpioan ol 1S o
Abdal etal.,) o o silonsST 25 el Ygos,50
Pt Olgreas HaO2 walises slROS (L 40 (2021
4 oSk 4 hled 1) e0sd e i8S ks 0 ROS
51 6, b (Shahid et al., 2019) o,ls 1, 5 oo ROS



S JiS Ay o 5T
2 Sebeadlo sl 3,215 (slo 3y 5 poaedls s 5l
Flie S Ll gy jlo pme slannST B L mpl cold
Gl Selmdlo anl 008 sla g X paresls s
(Y Jouz) ais o gre o

SIS w5l lled peosls 25 Gl b
msk 3l bl Gl (0 teS g Gyt 2Bl il
Pl 0 S ke YO g Ve led jo il 4 SlasT S
Yoo G5 a5 ,0bay o sanlie walh e 5 pyradls
21 STy w5l b pgeasls” 2 40 0,5 e
JSCa) ole Lmolidl sals [l 4 Cannd s, VA/AY sgus
Jios ST 5 JoSge y5eaST 4 a5 Sles H202 Coons @A
@l 0 mee el b ol 09 e
Cewd & sl 9 VB a5l A ol )b 51 H202
(Amjad et al., 2022 Shahid et al., 2019; ) & o
i (Kaya, 2021). H202 el sus sanlie ol
ol g o1 4 (CAT) VG 3 (POD) jlocsly Liwgs
ol asdllae i (Guedes etal., 2021) 59 o Jsos
aS aws e oles (Alharby et ak, 2022) o, Ken 4
sl sl w, POD 5 APX AT (slst i

5ol yo Lié ol g porodls 5l ool guilonST s

ety Ghg)y wedge Ol ) peedls Snen 13
2o 3 PYNA s9a> 4o | 5 b b o il cadlad e
ot DA JS2) oy (aless” sy las @ cond
b od oo Sl 0l 1925 100 (0500 jles
5 gl @b bas sl il BIaens1 8 b o 5l cllad
Casllaan IS o oL e (Kwon et al., 2023) Ko
,» (Paand,Sharma'et al., 2023) L Ls 5 b .osls
15 B ST Ly 3T colad a8 o
oxd Jld ol cel Sl apnl jles s S
Brahimova et al., ) osd co  SlowaST ST Glaps 3!

(2021

W6 S A
Sad el boas ols las ety ol bl gaemme
(30lg> ey ¢ Syl duoyd Dlao pgedlS i
SES G5 o9 Jsb Gl S g woys Sk
lis) Sialez bawsle ( Giallsz Slojen aSls cazals
Silon e o5 o5 il 2815 1 2psd sl

as ol lis pol> aslas (2021 Iftikhar et al., 2021

il Gl w3l al g0 o Colld pseeols 5 v
s 3 e 3l opl cudlad jo plie slaiolj8l ool

S 3 wn g S slaileg] )5 b pgmeslS i
Abdal et al., 2021; Amjad et ) lsS jo Sigg,dun
50 olS e g @l 2022; Iftikhar et al., 2021
Shahid et al., 2019 Rehman et al., ) o ocsaliw

.(2019;

[ SApriming g planting bed
50 1 a
45,4 bo_ bey Dbe Db b
40
35
30 H
25
20 4
15 +
10 +

C

3 o2 35T b
Peroxidase enzyme activity
(Unit pg Protein min)

O -
Control 50 100 150 200
(id 58 5 (o) pomodls’ Clald
Cadmium concentration (mg I%)

G o g SRAZRLS oy o 3T cadlad VS
Sl apnl 2,5 5o gy 9 pgmodls
BWS| pue ks Sy bl By S JBlos 9929
ol w0 53 & Jlosiol b 33 S0 yg03T wlw! y9 410 Sxe
Fig. 7. Activity of peroxidase enzyme activity of quinoa
seedlings under cadmium stress and salicylic acid
application methods
The presence of at least one common statistical letter

indicates no significant difference based on Duncan's test
at the 5% probability level

VOV [ A INCOOS KW JANTH W R B [t
Pai and Sharmaetal.,) L,ls 5 sb lawy Slowdlo
Pl cdled aolidl ol ol )15 &, (2023
a5 353 5 Skl il b jles o jlanSTy
el zoli8l (Pruthvi Krishna et al., 2023) el
CAT 3 APX SOD . loweST 5T sloes 51 51 (5 )b
Jintand ) ceul oo sols ylis 58 Sl ol asgs
oS 5T slaps 31 Lo aaw 21581 .(Joseph, 2017
ol ()l Slewdlo apul bwg 6,0 sla)les )0
(Tayyab et al., 2020) ..l



powedlS B g G5 g Jmlid 0 B oogdioe o
P sols oyl 4 cad oud Jled i sla,yd
Vb ple) 5 Grailsr o (xSl Grals L 5 00ls>
5 ey ool @i S g Gl Bk 5l Gl ao)s
)I 6);» 4......45.» M 9 )J) 6L¢r§.>)j 9 )LoLu 6)L...:OQLQT
-w_...)'_ﬂ Codles u*._.ljsl WS cdadles u..i..w it u-" Coomw
—alyx Ll ogu el Sialler b olaST ST sle
L& e i plml Gole 4 0gd oo adgl 0y 5 5
5O CiS Sas 4 50,5 ol b anlie o SClwcdle o]
azalS 5 )4 olg Galydlel) 5l pgaesls (it calizes zslans
EECRYE ORI B RVNC ] BT JOW PERE It P
by g9 Syl Sla Sy dge cxge g aalS o poedlS

Dgd oo azals

25 ~

~
O
~—

15 A

e e
Polyphenol oxidase enzyme
activity (Unit pg Protein min)

10 A

SA priming planting bed
Jlosl o9,
Method of application

s cdled ( Siailg aoys A0 U ple; o gl o
2l Gl ST J L 5 ST VB sl
Gely 4 0gd oo Se Jol pas el pgredls i
S Sy0n (ROS) JUib (508 (slocis? alss 5,05
S g el pebas (Joho slae o PS4 e
G5 ol shto 5ol 4z b g o0 gl slocdsie
SO0y O O odelwody gleazals wh) 5 Siale>
(Sebondlos sl 2l s 5 Jlediie) 0006 slo
(Sy¥lsz dgn 5 (S r-’L’ Lo )ds oged Lo i
5 lomS s 08 el Rl s sleazals wl,
STl sl 5l el gliee Sl Gizres
CaBlS s 4 Sebsdliag ] 5355 a8lal g 4 s
Sel b 1St slayde (S5 lediey el anil
SialszpY Olesdde 9,5 obisS &)k 5l Sladle

16 1
(@) Q ab ab -
gv.*: 1491 p b — =
3‘ > B 12 4 [
By
(5] N
'bl.‘g; 8
HEE
5 B.‘:
3 SS 4 -
s -
3’ =5 24
T .2
D.dg 0 : : : , :
Control 50 100 150 200
(d 59 055 (o) pomosls cdale

Cadmium concentration (mg I%)

Sy Sy JiT 3929, () Sl sl 9,118 oSy 3 () powedls (i il ot kT b Sy or 3T el A S

ol a0y B Jlosi! gelanw 30 5S318 (g1 (bl 1 jlo cixo BB pie ,Kiky oS yiinn (g 5bo]
Fig. 8. Activity of polyphenol oxidase enzyme under the influence of cadmium (a) and stress salicylic acid application
methods (b). The presence of at least one common statistical letter indicates no significant difference based on Duncan's

test at the 5% probability level.

Abdal, N., Abbas, G., Asad, S.A., Ghfar, A.A.,
Shah, G.M., Rizwan, M., Ali, S., Shahbaz, M.,
2021. Salinity mitigates cadmi-um-induced
phytotoxicity in quinoa (Chenopodium quinoa
Willd) by limiting the Cd uptake and improved
responses to ox-idative stress: Implications for
phytoremediation. Environmental
Geochemistry and Health. 45, 171-185.
https://doi.org/10.1007/s10653-021-01082-y

Aebi, H., 1984. Catalase in vitro. Methods in
Enzymology. 105, 121-126.

&l
https://doi.org/10.1016/S0076-
6879(84)05016-3

Ahmadpoor Dehkordi, E., Danesh Shahraki, A.,
Khosravi Lamyjiri, P., 2018. Effect of seed
priming with salicylic acid on seed germination
and seedling growth of Hibiscus sabdariffa
under drought stress. Iranian Journal of Seed
Sciences  and Research, 5, 1-11.
https://doi.org/10.22124/jms.2018.2941


https://doi.org/10.1007/s10653-021-01082-y
https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.22124/jms.2018.2941

Alharby, H.F., Al-Zahrani, H.S., Abbas, G.,
2022. Potassium and silicon synergistically
increase cadmium and lead tolerance and
phytostabilization by  quinoa  through
modulation of physiological and biochemical
attributes. toxics. 10, 169.
https://doi.org/10.3390/toxics10040169

Amiryousefi, M., Tadayon, M. R., Ebrahimi, R.,
2021. Effect of nitrogenous and phosphorus
biofertilizers on seed germination and some
biochemical characteristics of two quinoa
cultivars (Chenopodium quinoa Willd) under
drought stress. Iranian Journal of Plant
Biology. 13, 107-126.
https://doi.org/10.22108/ijpb.2021.125105.122
7

Amjad, M., Igbal, M.M., Abbas, G., Farooq,
A.B.U., Naeem, M.A., Imran, M., Murtaza, B.,
Nadeem, M., Jacobsen, S.E., 2022. Assessment
of cadmium and lead tolerance potential of
quinoa (Chenopodium quinoa Willd) and its
implications for phy-toremediation and human
health. Environmental Geochemistry:,, and
Health. 44, 1487-1500.
https://doi.org/10.1007/s10653-021-00826-0

Anwar, S., Shafiq, F., Nisa Uzma, Z,
Muhammad Yasin, U., Ali:Ashraf, N., 2021.
Effect of cadmium stresscon seed germination,
plant growth and hydrolyzing enzymes
activities in mungbean seedlings. Journal “of
Seed Science. 43, 2317-1545.
https://doi.org/1041590/2317-1545v43256006

Azadvari, H., Masoumeh, N., Gholizadeh, A.,
Nakhzari Moghaddam, A, 2020. Evaluation of
salicyliciacid application on the physiological
responses ofiblack eumin (Nigella sativa L.)
under. different  irrigation  conditions.
Environmental Stresses in Crop Sciences. 13,
1904-

1626. hitps://doi.org/10.22077/escs.2020.239
8.1626

Bamagoos, A.A., Alharby, H.F., Abbas, G.,
2022. Differential uptake and translocation of
cadmium and lead by quinoa: a multivariate
comparison of physiological and oxidative
stress responses. Toxics. 10, 68.
https://doi.org/10.3390/toxics10020068

Baroni, G. Pereira, M. Corréa, F. de Castro, E.
José Pereira, F., 2020. Cadmium tolerance
during seed germination and seedling growth of
Schinus  molle (Anacardiaceae). floresta.
ambiente. 27, e20170502.
https://doi.org/10.1590/2179-8087.050217

Basahi, M., 2021. Humic acid improved
germination rate, seedling growth and
antioxidant system of pea (Pisum sativum L.
var. Alicia) grown in water polluted with
CdCl,. AIMS Environmental Science. 8, 358-
370.
https://doi.org/10.3934/environsci.2021023

Brahimova, U. Kumari, P. Yadav, S. Rastogi, A.
Antala, M. Suleymanova, Z. Zivcak, M.
Tahjib-Ul-Arif, M. Hussain, S. Abdelhamid,
M., 2021. Progress in understanding salt stress
response in plants using biotechnological tools.
Journal of Biotechnology. 329, 180-191.
https://doi.org/10.1016/j.jbiotec.2021.02.007

Chance, B. Maely, A.C.;, 19558 Assay of catalase
and peroxidase. Methods in Enzymology. 2:
764-775.
https://doilorg/10°002/9780470110171.ch14

Chang, C.J., Kao, C.H., 1998. H,0, metabolism
during senescence of rice leaves: changes in
enzyme activities in light and darkness. Plant
Growth Regulation. 25, 11-15.
httpss//doi.org/10.1023/A:1005903403926

Coolbear,«. P., 2020. Mechanisms of Seed
Deterioration. Seed Quality. CRC Press

Dris, H., Marashi, S. K., 2019. Study the effect of
different methods of applying salicylic acid on
quantitative, qualitative and biochemical
parameters of wheat (Triticum aestivum L.) in
drained and not drained lands. Environmental
Stresses in Crop Sciences, 12, 561-571.
https://doi.org/10.22077/escs.2018.1371.1291

Ellis, R.H. Roberts, E.H., 1981. The
guantification of ageing and survival in
orthodox seeds. Seed Science and Technology.
9, 373-400.
https://doi.org/10.15258/sst.2022.50.1.5.01

El-Taher, A.M. Abd, El-Raouf, H.S. Osman,
N.A. Azoz, S.N. Omar, M.A. Elkelish, A. Abd
El-Hady, M.A.M., 2022. Effect of salt stress
and foliar application of salicylic acid on
morphological, biochemical, anatomical, and
productivity characteristics of cowpea (Vigna
unguiculata L.) plants. The Plant Journal. 11,
115. https://doi.org/10.3390/plants11010115

Farzaneh, M. Ghanbari, M. Eftekharian Jahromi,
AR., 2013. Effect of hydro-priming on seed
germination and proline content of radish
(Raphanus Sativus L.) under salt stress. Journal
of Plant Environmental Physiology. 8, 65-74.
https://doi.org/10.22034/jchr.2019.665823

Finch-Savage, W.E. Footitt, S., 2017. Seed
dormancy cycling and the regulation of


https://doi.org/10.3390/toxics10040169
https://doi.org/10.22108/ijpb.2021.125105.1227
https://doi.org/10.22108/ijpb.2021.125105.1227
https://doi.org/10.1007/s10653-021-00826-0
ttps://doi.org/10.1590/2317-1545v43256006
https://doi.org/10.22077/escs.2020.2398.1626
https://doi.org/10.22077/escs.2020.2398.1626
https://doi.org/10.3390/toxics10020068
https://doi.org/10.1590/2179-8087.050217
https://doi.org/10.3934/environsci.2021023
https://doi.org/10.1016/j.jbiotec.2021.02.007
https://doi.org/10.1002/9780470110171.ch14
https://doi.org/10.1023/A:1005903403926
https://doi.org/10.22077/escs.2018.1371.1291
https://doi.org/10.15258/sst.2022.50.1.s.01
https://doi.org/10.3390/plants11010115
https://doi.org/10.22034/jchr.2019.665823

dormancy mechanisms to time germination in
variable field environments. Journal of
Experimental Botany. 68, 843-856.
https://doi.org/10.1093/jxb/erw477

Fraszczak, B., Matysiak, R., Smiglak, M.,
Kukawka, R., Spychalski, M., Kleiber, T.,
2024. Application of salicylic acid derivative in
modifying the iron nutritional value of lettuce
(Lactuca sativa L.). Plants. 13, 180.
https://doi.org/10.3390/plants13020180

Ghaderi, M., Aliloo, A.A., 2023. Improving
activity of antioxidant enzymes and vigor in
rapeseed by salicylic acid and gum arabic seed
priming. Plant Process and Function. 12, 123-
138.
https://doi.org/20.1001.1.23222727.1402.12.5
4.8.8

Guedes, F.R.C.M., Maia, C.F., da Silva, B.R.S.,
Batista, B.L., Alyemeni, M.N., Ahmad, P., da
Silva., Lobato, A.K., 2021. Exogenous 24-
Epibrassinolide stimulates root protection, and
leaf antioxidant enzymes in lead stressed rice
plants: Central roles to minimize Pb content
and oxidative stress. Environmental Pollution.
1,280:116992.
https://doi.org/10.1016/.envpol.2021.116992

Hakimi, Y. Fatahi, R. Naghavi, M.R. Zamani, Z.,
2021. Effect of salicylic acid and methyl
jasmonate on stress indices in Papaver
bracteatum Lindl. The 2nd International
Electronic Conference on Plant Sciences—10"
Anniversary of Journal Plants. 1-15 December,
Online.  httpst/doierg/t0.3390/IECPS2021-
12039

Heidari, H., Alizadeh, Y., fazeli, A., 2019.
Effects of seed priming and foliar application
of salicyliciacid on some of physiological
characteristic'and yield on mung bean (Vigna
radiata, L) under drought stress condition.
Journal of Plant Production Research, 26, 127-
141.
http://doi.0rg/10.22069/jopp.2019.14863.2327

Hunter, E.A., C.A. Glasbey, R.E.L. Naylor. 1984.
The analysis of data from germination tests.
The Journal of Agricultural Science. 102, 207-
213.
http://doi.org/10.1017/S0021859600041642

Iftikhar, A., Abbas, G., Sagib, M., Shabbir, A.,
Amjad, M., Shahid, M., Ahmad, 1., Igbal, S.,
Qaisrani, S.A., 2021. Salinity modulates lead
(Pb) tolerance and phytoremediation potential
of quinoa: A multivariate comparison of
physiological and biochemical attributes.

Environmental Geochemistry and Health. 44,
257-272. https://doi.org/10.1007/s10653-021-
00937-8

International Seed Testing Association (ISTA),
2017. International Rules for Seed Testing.
International Seed Testing Association,
Bassersdorf, Switzerland.

Jawad Hassan, M., Ali Raza, M., Ur Rehman, S.,
Ansar, M., Gitari, H., Khan, I., Wajid, M.,
Ahmed, M., Abbas Shah, G., Peng, Y., Li, Z.,
2021. Effect of cadmium toxicity on growth,
oxidative damage, antioxidant defense system
and cadmium accumulatien in two sorghum

cultivars. Plants: 9, 1575.
https://doi.org/10.3390/plant89111575
Jini, D. Joseph, B, 2017. Physiological

mechanism<0f salicylic acid for alleviation of
salt,stress“in rice. Rice Science. 24, 97-108.
https:/ldoi.org/10,1016/j.rsci.2016.07.007

Kabiri, R, Naghizadeh, M., 2014. Study the effect
of salicylic acid pretreatment on germination
and, early growth of black cumin (Nigella
sativa) under salt stress. Iranian Journal of Seed
Science«. and  Technology, 4, 61-72.
https:4lijsst.areeo.ac.ir/article_107272.html?la
ng=en

Kar, M., D. Mishra, 1976. Catalase, peroxidase,
and polyphenoloxidase activities during rice
leaf senescence. Plant Physiology. 57, 315-319.
https://doi.org/10.1104/pp.57.2.315

Kaya, C., 2021. Salicylic acid-induced hydrogen
sulphide improves lead stress tolerance in

pepper plants by upraising the
ascorbateglutathione  cycle.  Physiologia
Plantarum. 173, 8-19.

https://doi.org/10.1111/ppl.13159

Kiremit, M.S., 2023. Optimization of salicylic
acid dose to improve lettuce growth,
physiology and vyield under salt stress
conditions. Gesunde Pflanzen.
https://doi.org/10.1007/s10343-023-00930-4

Kumari, A. Pandey, N. Pandey-Rai, S., 2018.
Exogenous salicylic acid-mediated modulation
of arsenic stress tolerance with enhanced
accumulation of secondary metabolites and
improved size of glandular trichomes in
Artemisia annua L. Protoplasma. 255, 139-
152. https://doi.org/10.1007/s00709-017-1136-
6

Kwon, E-H. Adhikari, A. Imran, M. Lee, D-S.
Lee, C-Y. Kang, S-M. Lee, I-J., 2023.
Exogenous SA applications alleviate salinity
stress via physiological and biochemical


https://doi.org/10.1093/jxb/erw477
https://doi.org/10.3390/plants13020180
https://doi.org/20.1001.1.23222727.1402.12.54.8.8
https://doi.org/20.1001.1.23222727.1402.12.54.8.8
https://doi.org/10.1016/.envpol.2021.116992
http://doi.org/10.22069/jopp.2019.14863.2327
http://doi.org/10.1017/S0021859600041642
https://doi.org/10.1007/s10653-021-00937-8
https://doi.org/10.1007/s10653-021-00937-8
https://doi.org/10.3390/plants9111575
https://doi.org/10.1016/j.rsci.2016.07.007
https://ijsst.areeo.ac.ir/article_107272.html?lang=en
https://ijsst.areeo.ac.ir/article_107272.html?lang=en
https://doi.org/10.1104/pp.57.2.315
https://doi.org/10.1111/ppl.13159
https://doi.org/10.1007/s10343-023-00930-4
https://doi.org/10.1007/s00709-017-1136-6
https://doi.org/10.1007/s00709-017-1136-6

changes in st john’s wort plants. Plants. 12,
310. https://doi.org/10.3390/plants12020310

Mahmoudi, F., Sheikhzadeh Mosaddegh, P.,
Zare, N., Esmaielpour, B., 2019. Improvement
of seed germination, growth and biochemical
characteristics of Borage (Borago officinalis
L.) seedlings with seed priming under cadmium
stress conditions. Iranian Journal of Plant
Biology, 11, 23-42.
https://doi.org/10.22108/ijpb.2019.111889.110
4

Mahmoudi, F., Shikhzadehmosadegh, P., zare,
N., Esmailpour, B., 2023. Effect of seed
pretreatment with salicylic acid on seed
germination, growth and biochemical indices
of quinoa seedlings (Chenopodium quinoa
willd.) under cadmium stress. Journal of Plant
Biological Sciences, 15, 1-26.
https://doi.org/10.22108/ijpb.2024.138548.133
0

Mostofa, M.G. Rahman, M. Ansary, M. Uddin,
M. Fujita, M. Tran, L.S.P., 2019. Interactive
effects of salicylic acid and nitric oxide. in
enhancing rice tolerance to cadmium stress.
International Journal of Molecular Sciences.
20, 5798.
https://doi.org/10.3390/ijms20225798

Murungu, F.S. Nyamugafata, P. Chiduza, C.
Clark, L.J. Whalley, W.R. 2003. Effects of seed
priming aggregate size and soil matric potential
on emergence of cotton (Gossypium hirsutum
L.) and Maize (Zea mays L.). Soil'and Tillage
Research. 74, 161- 168.
https://doi.org/10.4016/}.stilh2003.06.003

Naeem, A.B., M., Imran, M., Murtaza, B.,
Nadeem, M. :Jacobsen, S., 2021. Assessment
of cadmium,and lead tolerance potential of
quinoa (Chepopodium quinoa Willd) and its
implications for phytoremediation and human
health. | Environmental Geochemistry and
Health. 44, 1487 - 1500.
https://doi.org/10.1007/s10653-021-00826-0.

Naik, S., Paramesh, R., Siddaraju, R., Ravi

Shankar, P., 2020. Studies on growth
parameters in  quinoa  (Chenopodium
quinoaWilld.).  International Journal  of
Chemical Studies. 8, 393-397.

https://doi.org/10.22271/chemi.2020.v8.i1f.82
78

Najafi, Gh. Khomari, S. Javadi, A., 2015.
Germination response of Canola seeds to seed

vigor changes and hydro-priming. Seed
Science Research. 45, 55-70.

https://doi.org/20.1001.1.22520961.1394.5.17.
6.9

Ocvirk, D. M, Spoljarevié. M, Kristié. J T,
Hancock. T, Tekli¢. M, Lisjak., 2021. The

effects of seed priming with sodium
hydrosulphide on drought tolerance of
sunflower  (Helianthus annuus L. in

germination and early growth. Annals of
Applied Biology. 178, 400-413.0000.
https://doi.org/10.1111/aab.12658

Pai, R. Sharma, P.K.,, 2023. Exogenous
application of salicyliciacid mitigates salt stress
in rice seedlings by regulating plant water
status and preventing oxidative damage.

Environmental and®, Experimental biology.
20(4), 193-204.
https://doi.ong/10.22364/eeb.20.18

Pai, \R. Sharma, P.K.,, 2022. Exogenous

application of salicylic acid mitigates salt stress
in rice seedlings by regulating plant water
status ‘and preventing oxidative damage.
Environmental and Experimental Biology.
20(4), 193-204.

Pruthvi Krishna, V. Vinai, K. Dipti, B., 2023.
Foliar.application of silicon and salicylic acid
improves growth, leaf pigments and yield of
maize (Zea mays L.) under nutrient deficient
sandy soil. available at Research Square.
https://doi.org/10.21203/rs.3.rs-3144795/v1

Rahmanpour, A., Vaziri, A., Salehi Shanjani, P.,
Rabie, M., Asri, Y., 2021. Effect of osmo-
priming on germination in seven species of
Allium L. seeds in drought stress conditions.
Journal of Plant Research (Iranian Journal of
Biology), 34, 855-868.
https://dor.isc.ac/dor/20.1001.1.23832592.140
0.34.4.11.4

Rahoui, S., Chaoui, A., Elferjani, E., 2010.
Reserve mobilization disorder in germinating
seeds of Vicia faba L. exposed to cadmium.
Journal of Plant Nutrition. 33, 809-817.
https://doi.org/10.1080/01904161003654055

Rehman, S., Abbas, G., Shahid, M., Sagib, M.,
Farooq, A.B.U., Hussain, M., Farooq, A., 2019.
Effect of salinity on cadmium tolerance, ionic
homeostasis and oxidative stress responses in
conocarpus exposed to cadmium stresss.
Ecotoxicology and Environmental Safety. 171,
146-153.
https://doi.org/10.1016/j.ecoenv.2018.12.077

Salehzade, H. M. 1zadkhah Shishvan, M. Chiyasi,
F. Forouzin, A., 2009. Effect of seed priming
on germination and seedling growth of wheat


https://doi.org/10.3390/plants12020310
https://doi.org/10.22108/ijpb.2019.111889.1104
https://doi.org/10.22108/ijpb.2019.111889.1104
https://doi.org/10.22108/ijpb.2024.138548.1330
https://doi.org/10.22108/ijpb.2024.138548.1330
https://doi.org/10.3390/ijms20225798
https://doi.org/10.1016/j.still.2003.06.003
https://doi.org/10.1007/s10653-021-00826-0
https://doi.org/10.22271/chemi.2020.v8.i1f.8278
https://doi.org/10.22271/chemi.2020.v8.i1f.8278
https://doi.org/20.1001.1.22520961.1394.5.17.6.9
https://doi.org/20.1001.1.22520961.1394.5.17.6.9
https://doi.org/10.1111/aab.12658
http://dx.doi.org/10.22364/eeb.20.18
https://doi.org/10.21203/rs.3.rs-3144795/v1
https://dor.isc.ac/dor/20.1001.1.23832592.1400.34.4.11.4
https://dor.isc.ac/dor/20.1001.1.23832592.1400.34.4.11.4
https://doi.org/10.1080/01904161003654055
https://doi.org/10.1016/j.ecoenv.2018.12.077

(Triticum aestivum L.). Research Journal of
Biological Sciences. 4(5), 629-631.
https://www.researchgate.net/publication/2994
68927.

Santos, P. S., de Souza Guilherme, M. D. F., de
Souza Guilherme, L., dos Santos Oliveira, J. L.,
Silva, E., 2021. Evaluation of seed germination
development and initial growth of cotton plants
exposed to cadmium. Anales de Biologia. 43,
111-116.
http://doi.org/10.6018/analesbio.43.11

Shahid, M., Farooq, A.B.U., Rabbani, F., Khalid,
S., Dumat, C., 2019. Risk assessment and
biophysiochemical responses of spinach to
foliar application of lead oxide nanoparticles: A
multivariate analysis. 245, 125605.
https://doi.org/10.1016/j.chemosphere.2019.12
5605

Sharafizadeh, M., 2017. Effect of salicylic acid
and drought stress on germination and activity
of antioxidant enzymes of barely. Iranian
Journal of Seed Science and Technology, 6,
161-169.
https://doi.org/10.22034/ijsst.2018.116567

Sheikhzadeh, P., Zare, N., Mahmoudi, F., 2021.
The synergistic effects of hydro and hormone
priming on seed germination, antioxidant
activity and cadmium tolerance in borageActa
Botanica Croatica, 80, 18-28.
https://doi.org/10:37427/botcro-2021-007

Singhal, R.K., Kumar, M., Bose, B.,/Mondal, S.,
Srivastava, S., Dhankher; O.P., Tripathi, R.D.,
2022. Heavy metal (leid)s. phytotoxicity in
crops and‘its mitigation through seed priming
technology. International  journal of
phytoremediation, 1-20.
https:fidoi.org/10.1080/15226514.2022.20685
02

Tajti J. Németh, E. Glatz, G. Janda, T. Pal, M.,
2019. Pattern of changes in salicylic acid-
induced protein kinase (SIPK) gene expression
and salicylic acid accumulation in wheat under
cadmium exposure. Plant Biology. 21, 1176—
1180. https://doi.org/10.1111/plb.13032

Tania,S.S. Rahaman, M.M. Rauf, F. Suborna, M.
A. Humayun Kabir, M. Hogque, M. A Rhaman,
M.S., 2021. Seed priming with salicylic acid
(SA) and hydrogen peroxide (H202) improve
germination and seedling growth of wheat
(Triticum aestivum) under salt stress. Asian

Journal of Crop Science. 6, 60-69.

https://doi.org/10.3390/seeds1020008

Tarigholizadeh, S., Motafakkerazad, R.,
Kosarinasab, M., Movafeghi, A., Mohammadi,
S., Sabzi, M., Talebpour, A., 2021. Influence of
plant growth regulators and salicylic acid on the
production of some secondary metabolites in
callus and cell suspension culture of Satureja
sahendica Bornm.  Acta  Agriculturae
Slovenica. 117, 1-12.
https://doi.org/10.14720/aas.2021.117.4.773

Tayyab, N. Naz, R. Yasmin, H. Nosheen, A.
Keyani, R. Sajjad, M. Hassan, M. N. Roberts,
T. H., 2020. Combined seed.and foliar pre-
treatments with exogenous-methyl jasmonate
and salicylic acid ‘mitigate drought induced
stress in maize. PLoS One 15, e02322609.
https://doitorg/10:2372/journal.pone.0232269

Torun, Hx Cetin, B. Stojnic, S. Petr1,’k P., 2024.
Salicylic acid alleviates the effects of cadmium
and drought stress by regulating water status,
ions, and antioxidant defense in Pterocarya
fraxinifolia. Frontiers in Plant Science. 14,
1339201.
hitps://de1.0rg/10.3389/fpls.2023.1339201

Vijayaragavan, M., Prabhahar, C., Sureshkumar,
J.,  Natarajan, A., Vijayaragavan, P.,
Sharavanan, S., 2011. Toxic effect of cadmium
on seed germination, growth and biochemical
contents of cowpea (Vigna unguiculata L.)
plants. International Multidisciplinary
Research Journal. 1, 1-6.

Yari, L., Zareyan, A., Sheidaie, S., Khazaei F.,
2012. Influence of high and low temperature
treatments on seed germination and seedling
vigor of rice (Oryza sativa L.). World Applied
Sciences Journal. 16, 1015-1018.
https://api.semanticscholar.org/CorpusiD:5965
608.

Zhang, S., Ni, X., Arif, M., Zheng, J., Stubbs, A.,
Li, C., 2020. NaCl improved Cd tolerance of
the euhalophyte Suaeda glauca but not the
recretohalophyte Limonium aureum. Plant and
Soil. 449, 303-318.
https://doi.org/10.1007/s11104-020-04475-7

Zhao, H., Guan, J., Liang, Q., Zhang, X., Hu, H.,
Zhang, J., 2021. Effects of cadmium stress on
growth and physiological characteristics of
sassafras seedlings. Scientific Reports. 11,
9913. https://doi.org/10.1038/s41598-021-
89322-0


http://doi.org/10.6018/analesbio.43.11
https://doi.org/10.1016/j.chemosphere.2019.125605
https://doi.org/10.1016/j.chemosphere.2019.125605
https://doi.org/10.22034/ijsst.2018.116567
https://doi.org/10.37427/botcro-2021-007
https://doi.org/10.1080/15226514.2022.2068502
https://doi.org/10.1080/15226514.2022.2068502
https://doi.org/10.1111/plb.13032
https://doi.org/10.3390/seeds1020008
https://doi.org/10.14720/aas.2021.117.4.773
https://doi.org/10.1371/journal.pone.0232269
https://doi.org/10.3389/fpls.2023.1339201
https://doi.org/10.1007/s11104-020-04475-7
https://doi.org/10.1038/s41598-021-89322-0
https://doi.org/10.1038/s41598-021-89322-0

